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PART 1—THE WELDING JOURNAL 

SUBJECT INDEX 


Adams Lecture—Selection of Steel for Welding—S. L. Hoyt. 
1180-1187. 

Aircraft Landing Gear, Pressure Welded—E. R. Proctor, 11)11- 
1015. Discussion, 1015-1017. 

Aircraft Tubing, Some Applications of—J. S. Adelson and Park 
Hill. 267-269. 

Aircraft Welding by Heliarc Process—T. E. Piper, 90.3-9fXJ. 

Aluminum Alloys, Spot Welding—C. W. Dodge, 915-921. 

Aluminum Alloys Welded by Heliarc Process—T. E. Piper, yuiJ - 
906. 

Aluminum, Gas-Shielded Arc Welding of—A. F. Leach, 1129- 
1134. 

Aluminum Welded Railroad Tank Cars—R. E. Haas. 907-909. 

Argon—Shielded-Arc Welding of Aluminum—A. F. Leach, 1129- 
1134. 

Atomic Hydrogen Arc Welding of Aluminum—A. F. Leach, 1129- 
1134. 

Automatic Welding Processes, Procedure Control—A. B. Bedell 
and J. B. Quigley, 339-346. 

Automotive Plash-Butt Welding Standards, 1166-1176. 

Automotive—Saving Tires—L. J. Rumig, 164. . 

Brazing at Low-Temperature—R. D. Wasserman and C. E. Swift, 
449—454. 

Brazing Nonferrous Metals, Silver—G. H. Bohn, 467-470. 

Bridges—All-Welded Composite Steel Beam and Concrete Slab— 
G. L. Enke, 435^44. 

Cable, LrOw-Reactance—Myron Zucker, 1022-1026. 

Chemical and Metallurgical Control in Welding—E. C. WTiite, 
361-363. 

Chemical—Electric Arc Welding in Manufacture of Penicillin— 
G. G. Landis. 232-234. 

Copper, Brass and Bronze. Fusion Welding of—H. R. Morrison, 
226-232. 

Costs—Determination of Labor Costs in Arc Welding—J. L. 
Cahill, 1060-1062. 

Cuts, Starting Inside on Stacks—N. L. Lindsay, 345-346. 

Cutting—Electric Eye Tracing in Machine—W. Bergerow, 941- 
948. 

Cutting Gas in Ordnance Fabrication—C. M. Underwood, 365- 
377. 

Cutting—Machine Gas—R. M. Dennis. 639-842. 

Cutting Machine Templets—R. Chelborg, 444-447. 

Cutting—Multiple and Stack Machine—A. H. Yoch, 127-138. 

Cutting of &nall Shapes—Machine for Production—E. E. Hart, 
819-823. 
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W. J- Conley, 51 .Vi 

Economics of Arc Wekltng \V J iSro>>kiiiK. 1"27 
Electrodes -Appluation aiul I *<v« lojniuin <if Heavy- 

Coated I). C Simth and W (1 Riin hart. .Vtl .S4K 
Electroiks itiixling .Vgi iii' lor Mux Coaling \\ .Aiulri ws, 1 l-t7 
1154. 

Electrode Specifications, Iron and St»-e| A \V S A ^ T M . 731 
740. 

Electrodes, Restriction of E*iol2 O. 1151-6.57. 

Filler Metal from Powder Metallurgy - F G Davelcr and P. H. 
Aspen, 842 H44. 

Fire Hazard Aboard Ship -G Am*id»(i, 3s(i 

Flash-Butt Welding Standards for Automotive Industry, 1166- 
1176. 

Flash Welding 4130 Sled—W. W Ackmnan and W. Pestrak 
463-467. 

Flux CMtings, Binding Agents -V,'. Andrews. 1147-1154. 

Fumes, Control of Welding—Lt. M. Ross, 124-126. 

Gas Cutting in Ordnance Fabrication -C M- Underwood, 365- 
377. 

Ga.s Cutting in Steel F'oun<lrirs G. E Krllew, 25 

Gas Cutting, Machine—R M D«'niiis. 6.39 H42 

Gas Holders with Panel Tyj>e I.ifis R Kraus. 1135-1139. 

Gas Machine Proiluction Cutting of .Small .Shajjes -I* Iv. Hart. 
819-823. 

Hard-Facing Methorls -A R Lytle, ll-'..’) Il'i."). 

Hard-Facing Procedure, High Lights of R I-. Lerch. 1.3'.) 143. 
Hastelloy Alloys, Welding Structures of J A ('.alhihiT, 641-6.V ’ 
Heliarc Welding Process as Applied in the .-kircrafi Industry 
T. E. Piper. 90.3-906. 

Helium-Shidded Arc Welding L. \' hartier and H .8 Kennedv 
378-380. 

Helium-Shiekled .^rc Welding of .Muinimim A F I.eaeh, 1129 
11.34. 

Jigs and Fixtures for Welding A. N Kngkr. .5 12 

Locomotives for Main I.ine Operation- -O K Kiolseth. 4.> .Vi 
Low-Reactance Cable, War Provid .\dvain-rs in Mvron Zucker, 
1022-1026. 
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Machinery Parts—Trends in Use of Welded—E. J. Charlton, 
113-124. 

Machinery—Welded Design—J. Mikuiak, 13-21. 

Mag^nafluxing Examination of Resistance Welding Tubing—S. O. 
Evans, 805-810. 

Magnesium Alloys Welded by Heliarc Process—T. E. Piper, 903- 
90(j. 

Maintenance Welding in Steel Foundries—G. E. Bellew, 25-35. 

Metallurgical and Chemical Control in Welding—E. C. White, 
361-363. 

Metallurgy as Applied to Welding—R. B. Lincoln, 1143-1147. 

Metal-Spraying—Physical Properties—A. P. Shepard, 937-940. 

Nondestructive Testing of Resistance Welded Tubing—S. O. 
Evans. 805-810. 

Ordnance Materiel, Welding as an Aid in the Fabrication of— 
Col. Scott B. Ritchie, 629-634. 

Ordnance Repair Shops—Capt. S. G. Dunlap, 1139-1141. 

Ordnance Vehicles—-Ist Lt. L. M. Dalcher, 1046-1051. 

Ore Drilling Machinery Built with Are Welding—S. Craig Cairns, 
50. 

Oxygen—Estimating Volume in a Cylinder, 1177. 

Pipe Lines, Oil—Maintenance and Repair of—Oliver Wildman, 
1019-1021. 

Power for Welding—L. W. Clark. 811-817. 

Pressure Vessel Costs as Affected by Plate Widths -W. J. Theis- 
inger, 327-337. 

Pressure Vessels from Hastelloy Alloys—J. A. Gallahcr, 614-650. 

Pressure V'^essels in Manufacture of Penicillin—G. G. Landis, 
232-234. 

Pressure Welding Aircraft Landing Gear—E. R. Proctor. 1011- 
1015. Discussion, 1016-1017. 

Procedure Control of Automatic Welding Processes—A. E. Bedell 
and J. B. Quigley, 339-345. 

Production Arc Welding Engineering Problems—W. J. Brooking, 
825-832. 

Production Control of Training Personnel for Manual Arc Weld¬ 
ing—J. B. Arthur and M. H. MacKusick, 665-566. 

Production Problems and Production Control—E. C. Brekelbaum, 
241-246. 

Railroad Structures—T. H. Gardner, 563-564. 

Railroad Tank Cars of All-Welded Aluminum—R. E. Haas, 907- 
909. 

Recommended Practices and Standards for Automotive Flash Butt 
Welding—1166-1176. 

Repair of Magnesium Parts by Gas Welding, 1051-1052. 

Research—An Irresistible Force—H. E. Fritz, 741-745. 

Resistance Welded Tubing—S. O. Evans, 805-810. 

Resistance Welding and Statistical Quality Control— J. B. Butler, 
909-914. 

Resistance Welding—Application of Capacitor Discharge—H. J. 
Bichsel and J. R. Parsons, 1035-1039. 

Resistance Welding for Economy and Quality—L. A. McIntosh, 
933-937. 

Resistance Welding Fundamentals—F. R. Woodward, 713-725. 

Resistance Welding Laboratories and Their Instruments—R. T. 
Gillette, 833-837. 

Resistance Welding Progress—^J. W. Meadoweroft, 638-539. 

Resistance Welding Systems—Analysis and Comparison—R. L. 
Longini, 536-^8. 

Safety Control for Arc Welders Eliminates Shock—H. Mahumed, 
638-639. 

Safety—’Control of Welding Fumes, Lt. M. Ross, 124-126. 

Safety Factors in Arc Welding—R. F. Wyer, 146-153. 

Safety—Fire Hazard Aboard Ship- -G. Amodeo, 3fW. 


Shipbuilding—Examination of Welded Joints by Trepanning— 
J. B. Arthur and M. H. MacKusick. 895-901. 

Shipbuilding—Organized Fitting and Welding in—M. Forman, 
351-357. 

Ship Construction—Some Fundamentals in All-Welded—Milton 
Forman, 923-928. 

Ship Construction—Technical Control of Welding—M. H. Mac¬ 
Kusick. 247-253. 

Ship Fire Hazard—G. Amodeo, 380. 

Ship—Production Welding Planning with Paper and Plastic- 
J. Reid, George Whichelo, Lee Cline, John Rodriquez and 

E. Garwood, 347-350. 

Ships, Controls Required for Safe and Economical Construction 
of—D. G. Maxson, 265-264. 

Ships—Fabrication of Engine Exhaust for EC-2 Cargo Vessels, 
266. 

Ships—LST Kingpin of the Invasion Fleet—C. M. Taylor, 359- 
361. 

Ships, Strength of Welded—R. T. Young, 471-474. 

Ships—Tuna Clippers—S. R. Zimmerman, 143-145. 

Ships—Welding of LST’s at Seneca, Ill.—L. C. Stiles, 1063-1060. 

Ships—Welding of Propulsion Shafting—Hugo W. Hiemke and 
Comdr. J. C. Blake. 1040-1045. 

Ships—Welding versus Riveting on Hopper Dredge Construc¬ 
tion—S. E. Lawrence, 166-158. 

Silver Brazing by Induction Heating—J. P. Weed, 563-556. 

Silver Brazing Nonferrous Metals, Joint Design—G. H. Bohn, 
467-470. 

Silver Soldering Technique Improves Production—C. A. Medsker, 
22-23. 

Spot Welding—Determination by Statistical Analysis of Process 
Mlnimums—H. Robinson, 455-461. 

Spot Welding Machines for Heavy C^ges of Ferrous and Non- 
ferrous Metals—M. Sciaky, 567-563. 

Spot Welding of Heavy Aluminum Alloys—C. W. Dodge, 915-021. 

Sprayed Metals, Physical Properties of—A. P. Shepard, 937-940. 

Stainless Steel—Chemical Factors Affecting the Welding Proper¬ 
ties of Stabilized 18-8—F. H. Page, 9^-932. 

Stainless Steel Welding—V. J. Shanahan, 727-729. 

Standards and Recommended Practices for Automotive Flash- 
Butt Welding—1166-1176. 

Statistical Analysis of Process Minimums for Spot Welding— 
H. Robinson, 455-461. 

Statistical Quality Control of Resistance Welding—^J. B. Butler, 
909-914. 

Steel for Welding—Adams Lecture—S. L. Hoyt, 1180-1187. 

Steel Foundries—Recent Applications <rf Oxyacetylene Processes— 
G. E. Bellew, 25-35. 

Storage Gas Holders with Panel Type Lifts—R. Kraus, 1136- 
1139. 

Storage Tank, Failure of—A. L. Brown and J. B. Smith, 235-240. 

Storage Tanks—Field Welded Pressure and Variable VeJume— 

F. L. Plummer. 37^5. 

Structures, Railroad—T. H. Gardner, 563-564. 

Tank Cars of All-Welded Aluminum—R. E. Haas, 907-909. 

Tank—Fast New M-24 Combat—W. Haise, 265-266. 

Tank, Storage of Hydrogen, Failure of—^A. L. Brown and J. B. 
Smith, 235-240. 

Tanks—Field Welded Pressure and Variable Volume—F. L. 
Plummer, 37-45. 

Tanks—Welding of Combat Vehicles—1st Lt. L. M. Dalcher 
1046-1051. 

Templets—How to Make Cutting Machine—R. Chelborg, 444- 
447. 

Templet Tips—R. Chelborg, 657-659. 

Training—Quartermaster Blacksmith and Welding School, 21-22. 

Trepanning Examination of Welded Joints in Shipbuilding— J. B 
Arthur and M. H. MacKusick, 895-901. 

Tubing, Resistance Welded—S. O. Evans, 805-810. 


AUTHOR INDEX 


Ackerman, W. W.—Flash Welding 4130 Steel, 463-467. 

Adeuson, j. S. —Some Applications of Welded Aircraft Tubing, 
267-2(59. 

American Welding Society— 

Tentative Specifications for Iron and Steel Arc-Welding Elec¬ 
trodes, 731-740. 

Proposed Tentative Standards and Recommended Practices for 
Automotive Flash-Butt Welding, 1166-1176. 

Amodeo, Guy—F ire Hazard Aboard Ship, 380. 

Andrews, W.—Binding Agents for Flux Coatings, Their Com¬ 
position and Production, 1147-1154. 

Arthur, J. B.—Efficiency and Production Control of Training 
Personnel for Manual Arc Welding, 565-5()6. 


Examination of Welded Joints by Trepanning with Special 
Application to Shipbuilding, 895-901. 

Aspen, P. H.—Alloy Welding Wire from Powder Metallurgy, 
842-844. 


Barber, L. V.—Helium-Shielded Arc Welding, 378-380. 

Barton, Fred B. —Building the Ledo Road Is a Success Story for 
Army Welders. 88, 90, 92. 

Bedell, A. E.—Proc^ure Control of Automatic Welding Proc¬ 
esses. 339-345. 

Bbli.ew, G. E.—Recent Applications of Oxyacetylene Processes 
in Steel Foundries, 25-35. 
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Jigs and Fixtures for Welding* 

By A. N. Kuglert 


M ass production methods, characteristic of Amer¬ 
ican industry, have created certain require¬ 
ments which must be fulfilled before a new 
manufacturing technique can qualify for use. Speed of 
production is perhaps one of the more Obvious conditions 
to be met. This speed cannot be reduced to absolute 
numerical quantities but must be expressed in terms of 
increase over previous methods together with improve¬ 
ment in the product. Another essential, stated gener¬ 
ally, is uniformity of product. This carries with it the 
corollary of dimensional accuracy which permits of inter¬ 
changeability of parts. These must be achieved without 
increasing the imit costs. Other features such as sim¬ 
plification of operations, increased field of application or 
reduction in physical dimensions might be considered as 
requisite under some circumstances. However, such 
needs are really secondary to the first two named as for 
example, a simplification of procedure would hardly be 
acceptable if it resulted in less uniform parts. 

Welding as a tool of modem manufacturing was early 
handicapped by its inability to fulfill these requirements. 
Witness the fact that the first applications of welding 
were in repair and maintenance operations. Such pro¬ 
duction operations as were employed were practically on 
a “tailor-made” basis. Not until welding was able to 
exceed the speed of other joining methods and assure uni¬ 
formity of results, was it considered for mass production. 

That welding today is a vital factor in wartime mass 
production will be borne out by a visit to almost any 
plant. This emergence into a position of prime impor¬ 
tance is due to many factors including improvements in 
materials and equipment. High in this group of contrib¬ 
uting factors has been the gradual evolvement of de¬ 
vices for facilitating and speeding welding and at the 
same time insuring uniformity of finished parts. The 
terms “jigs” and “fixtures” used to designate these de¬ 
vices were borrowed from the machine tool industry. 

The Welding Handbook (1942 edition) has devoted 
Chapter 32A to this topic. In this chapter an attempt is 
made to define the terms “jig” and “fixture” on the same 
basis used in machine tool practice. Unfortimately, how¬ 
ever, this is imsatisfactory for the reason that the func¬ 
tions performed are not identical. Thus, while the names 
jigs and fixtures have been appropriated from the tool 
engineer, the ultimate use is appreciably different. 

Jigs and fixtures for welding may be used to position 
the work piece for flat or down-hand welding. Welding 
in this position proceeds at highest speeds and yields the 
best mechanical properties. Additionally, these devices 
may be used for locating units of an assembly in proper 
relation, one to the other. Obviously, under some cir¬ 
cumstances, these two functions may be combined in one 
device. Of more recent evolution, particularly in con¬ 
nection with war production, has been the development 
of indexing fixtures and holding devices for machine gas 
cutting. 

* PreMnted at the Tnenty-Fifth Annual Meeting, A.W.S., Cleveland, Ohio, 
Oct. 16 to 19. 1944. 

t Mechanical Engineer, Applied Engineering Dept., Air Reduction Sales Co. 


The design of jigs and fixtures cannot be reduced to 
mathematical formulas such as are employed for ex¬ 
ample, in the design of building structures. The ulti¬ 
mate form of any jig is usually the result of careful study 
of the requirements of the job plus a liberal application 
of imagination. No two designers presented with the 
same problem would arrive at the same solution. The 
development of this type of equipment provides an ex¬ 
ceptional opportimity for free play of ingenuity. In 
fact, it might be said that jigs and fixtures as currently 
used, are typical products of American inventiveness. 
Certainly the examples found in shops today run the 
gamut of crude makeshifts to elaborate precision tools. 
Aside from desirability for fine workmanship and good 
equipment, it matters little how the jig is finished as 
long as it performs its function efficiently. 

V^ile it may not be possible to provide elaborate and 
definite rules for designing this equipment, still certain 
principles must be observed to insure success. Thus 
it should be rather obvious that jigs and fixtiues should 
be as simple as is consistent with the requirements of the 
problem. Complicated units may be a joy to the gadg- 
eteerbut are definitely a handicap to the man in the shop. 
Additionally, these jigs should be rugged and substantial 
without being excessively heavy. They must be strong 
enough to hold the component parts in the desired posi¬ 
tions not only when cold but also when heat of welding is 
applied. If a member of a jig springs or warps, it is not 
ftilRUing one of its fundamental functions, namely, in- 
stu-ance of accuracy. Finally, such holding devices as 
may be employed should be quick and easy acting. 
Threaded clamp screws, while effective for holding parts, 
are generally too slow in operation for most jig work 
Far better for this function are the eccentric or toggle 



Fig. 1—Jig lor Assembling and Tacking Parts for a Curved I 
Swtion. Eccentric and Toggle Clamps Are Fast Acting. Jig 
Rotates on Trunnions to Permit Tacking of Underside 
Through Holes in the Bed 
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Fig. 4 roll houhon in All ibi*« PltoM Is Providad k 
AwnTTikilinij and Tacking lig. Which Has Locators (or 
and Otbai Sections o( Aircraft Baaching Goar 


Fig. 2—Tuba-End Contours (or Fitting Into Joints Are Cot to 
Shape by Clampiim the Tuba Inside a Sleeve and Riding the 
Cutting Tip Against Shaped End o( Sleeve 
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clamps which may be made up from standard material 
available or may be purchased in a variety of sizes and 
shapes for assembling into jigs. It has ^ways been a 
fundamental principle in machine design that the best de* 
sign is that which approaches and solves the problem 
with the utmost directness and simplicity; this is equally 
true in the design of jigs and fixtures for wdding. 

Since the des^ of jigs and fixtures must be considered 
as largely empirical, it follows that one of the best means 
of considering this problem is to study the successful 
work of others. Having analyzed such devices as are 
performing satisfactorily in production, one can then 
borrow such features as suit the particular need in de¬ 
signing other equipment. To assist those who must de¬ 
sign tUs equipment a group of jigs and fixtures currently 
in use has bera assembled for consideration. Therefore 
this paper is in the nature of a progress report supple¬ 
menting the data published in the Handbook. It has 
been lately selected from war production, using such 
items as are available. 


The aircraft industry has been one of the pioneers in 
the use of welded jigs and fixtures not only for welded 
fabrication but also for riveted assemblies and machine 
tool operations. In the first group of jigs and fixtures 
to be studied we have a series of units designed to facili¬ 
tate the fabrication of subassemblies for the final as¬ 
sembly of beaching gear. Beaching gear is that equip¬ 
ment which is attached to seaplanes to assist in bringing 
them onto land for maintenance work. Figure 1 illus¬ 
trates one of the initial subassembly ste|>s in bringing to¬ 
gether the com|xment parts of otie arm of the beaching 
gear. This unit is in the cross section of an I of varying 
web depth and curved shape. It is therefore fabricated 
of three steel plates, cut by an Oxygraph to form the 
web and flanges of the unit. The flange elements are 
roughly preformed in bending rolls. In this jig the ele¬ 
ments are positioned in proper relation to one another with 
suitable locators to insure correct alignment. Observe 
the use of toggle hold-down clamps for holding the web 
section in the correct position. .Also note the use of ec¬ 
centric clamps for holding the curved flange sections in 



in Position (or Deep Fillet Welding in Down-hand Pocition 


intimate contact with the web. Following correct align¬ 
ment in these jigs, the elements are tack welded by ^e 
operator who may be seen working on the jigs in the 
background. 


* 



Fig. 5—Alter Being Tacked on the Jig in Fig. 4, Beaching Gear 
Are Fully Welded on Thia Poeitioner, Which la Deeigned (or 
Rotation in Any Plane 


THE WEZiDINO JOURNAL 


JANUARY 


"Digitized by i^ooQle 










Fig. 6—Adjustable Locators Welded to Frame ot Jig to Hold Elements of Tubular 
Ammbly in Position During Welding. Both Lateral and Vertical Adiustments 

Can Be Made 


Another element of this beaching gear design is a tu¬ 
bular cross brace. In order to fit these tubes to one an¬ 
other it is necessary to cut the correct intersection 
curves. In Fig. 2 is illustrated an ingenious device for 
performing this operation. As here illustrated it is being 
done using one of the standard machine cutting torches 
attached to a large cutting machine. However, this 
need not have been employed here since any cutting 
torch fastened rigidly would have done the same work. 
In effect, the device positions the tube to be cut inside 
a large tube by means of set screws, one of which may be 
seen under the operator’s left hand. This larger tube is 
free to revolve in a pair of V blocks. A 
simple roller is slipped over the cutting tip 
and spaces the cutting jet at the right point 
for the cut. Note that the contour of the 
cut is controlled by the shape of the end of 
the external holding tube. 'in operation once 
the cut is started ^e operator merely rotates 
the external tube, making certain that the 
roller is in constant contact with the pre¬ 
pared curve. 

The subassembly which was illustrated in 
Fig. 1 is now shown in Fig. 3 in position for 
welding. One of the functions of jigs and 
fixtures for welding is that of positioning the 
work for fastest welding and at the same 
time, insuring quality. Recent developments 
along these fines have led to the procedure 
known as deep fillet welding. The advan¬ 
tages of this technique are doubtless familiar 
to all. However, to attain these advantages 
it is necessary that the part be held in either 
the flat or horizontal positions. The jig illus¬ 
trated in Fig. 3 performs just that function. 

A simple clamp grips one of the flanges while 
two shafts at right angles to each oQier per¬ 
mit ready positioning to facilitate welding 
with the E6020 electrode using the deep fillet 
technique. 

With the completion of the several 
subassemblies these units are next brought 
to the final assembly jig pictured in Fig. 4. 

The tubular cross brace is accommodated at 
the lower portion of the central element 


while the long sweeping arms are 
handled by the locators seen near the 
tube. This jig is used merely for tack 
welding of the elements into final 
form. Observe that this jig permits 
360° rotatipn in two planes. 

In Fig. 5 is pictured another jig 
of substantially the same design as 
that shown in Fig. 4 but in this case 
employed for the final welding of one 
of these beaching gear. In this phase 
of the work the flexibility of this jig 
design is quite evident since the 
operator can position the assembly at 
virtually any angle to facilitate its 
welding. The general outline of the 
beaching gear becomes more apparent 
when this view is studied. 

One of the most outstanding ex¬ 
amples of resourceful jig design in the 
aircraft industry was brought about 
by a very critical delivery condition. 
A contractor was required to design 
jigs to tool up for a very complicated 
fuselage assembly. This involved 
some 200 separate tubular members 
ranging from Vi in. round to iVi in. 
square, encompassing virtually all sizes and weights in 
between, toge^er with 150 separate fittings. In addi¬ 
tion to this, the structure was not symmetrical, which 
contributed additional problems in the form of shrinkage 
and locked-up stresses. Several of the trusses forming 
this fuselage were not simple plane elements but rather 
assemblies of tubes in several planes. The fact that this 
problem was successfully “licked” within the short pe¬ 
riod of 60 days is ample evidence of the skill of the tool 
designers working on the program. The means which 
they employed for this phenomenal success will prove of 
great assistance to others confronted with a similar prob- 
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ng. 12 —H«tch SU* GinUn Asd R«lch End Bnimi Am Mndn 
on Thia Hnavy hg 


Hmtjt lig Is Utnd in Fonning a Ship Plato Sactton 
Outer Contour of the Central, Stepped Mold 





Fig. 9—Note the Effective Clamps in This lig, Used for Assem¬ 
bling Ship's Deck Girders 


lem. A complete descnptiot) of these jt^s is furnished in 
an interesting article by J. W. Cierke, appearing in the 
July 1944 issue of The Welding Journal. 

The first problem was to devise locators for position¬ 
ing the tubular elements of the trusses. Two such loca¬ 
tors were developed. The first is illustrated in Fig. t> 
It consists of a split tube with a bolt clamp. Inserted 
within this tube is a bar into which is drilled an eccentric 
hole. Fitted into the eccentric hole is a smaller bar 
topped with a block upon which are mounted pins 
spaced apart a distance equal to the diameter or size of 
the tube. It will be observed that by providing the ec¬ 
centric location of the small bar with respect to the large 
bar a means for lateral adjustment is provided. In prac¬ 
tical operation this permits of placement of these loca¬ 
tors in approximate position and final adjustment in ac¬ 
curate position later when conditions have been set up as 
desired. This lateral adjustment is obtained by merely 
rotating the large bar within the split clamp. The eccen¬ 
tricity of the small bar provides the lateral movement. 
With this adjustment available, the mounting of these 
locators in position on the jig frame requires no great 
precision; a tolerance of ak‘/i in. is sufficient. 

This same locator has an additional adjustment vertic¬ 



ally. This is achieved through set screws which bold the 
small bar within the large bar. By loosening the set 
screws, the block and pins may be raised or lowered to 
the desired elevation. From this it will be seen that this 
eccentric locator provides adjustment in two planes over 


Rg. 10—Thia Lengthy Jig Facilitates Assembly and Welding 
of Shaft Alley Tunnela for Merchant Ships. Partially Com¬ 
pleted Tunnel Can Be Seen in Rear 


Fig. 13—The Familiar V-Block Is Here Adapted on a Large 
Scale for Use as a Positioner for Large Weldments 


Rg. 11—This Hatch Cover Assembly and Tack Welding 
Employs a Massive Top Composed of I-Beams to Maintain 
Rigidity. Careful Engineering and Labor Spent in Jig Con¬ 
struction Is Bearded in Speedier Fabrication 
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Fig. 14—Both Tacking and Final Welding of a Ship's Mooring 
Bitt Are Done on This Simple Jig 


a reasonable range. This in itself is distinctly helpful 
since the elements may be positioned rapidly without 
consideration for shrinkage and distortion. Subse¬ 
quently, in welding the first piece, such adjustments as 
may be indicated are made and the locators fastened, 
giving a jig which will result in uniform products. 

Obviously the eccentric locator requires some fine 
machine work and fairly extensive machine shop facili¬ 
ties. A simpler locator which may be fabricated with 
less elaborate equipment (in fact, an ordinary drill press 
is all that is required) was also developed. It consists 
essentially of a channel section welded to a ‘/j-in. bolt or 
headless set screw. For lateral adjustment, two set 
screws are threaded through the legs of the channel into 
nuts welded at the outside. For vertical adjustment the 
jig frame is drilled with a hole large enough to accept 
the bolt. Over this a nut is fitted into which the 

Vj-in. bolt is screwed and held into position by a back-up 
bolt. When final position of the several elements is es¬ 
tablished, small tack welds are made on the several bolts 
and nuts to assure maintenance of alignment and posi¬ 
tion. 



Fig. 15—This Shop-Built Welding Positioner Supports Both 
Weldment and Welder in Convenient Working Position 


An additional feature of this locator is a springrloaded 
clamp for holding the tubing within the jig. This clement 
is iner^y welded to the jig frame at the desired position. 
This type of locator is used particularly on lighter as¬ 
semblies and at points where the size and complexity of 
the eccentric locators preclude their use. 

As ingenious as these locators are, this story would not 
be complete without referring to the means for assem¬ 
bling these devices on the final jig frames. It will be re¬ 
called that it was stated that the trusses involved in 
this particular structure were not simple plane trusses but 
rather complicated assemblies in several planes. Had 
the usual method of jig fabrication been employed, 
weeks and even months might have beai consumed in 



Fig. 16—Six Cutting Table$ Are Used in Pairs in Se<raence in 
This Setup for Production Cutting of Tank Sprockets. Template 
Table Rolls on Tracks Behind Travograph, Is Locked in nace 
at Each Working Position 


assembling the necessary jigs and fixtures. To expedite 
this phase of it, a procedure known as 3-dimensional 
lofting was employed. In this, the plan view of a truss or 
subassembly is laid out to full scale on a heavy pl 3 rwood 
board. On this is built up wood strips of dimensions 
equal to the tube elements to be employed in the sub- 
assembly. For a simple assembly lying in one plane, 
this pattern represents strips all of one height. If, how¬ 
ever, a more complicated multiplane truss is involved, 
then it becomes necessary to provide strips of varying 
depth. These depths are secured by selecting a suitable 
datum plane and meastiring the vertical distances from 
that plane to points on the truss. Utilization of these 
molds frees the jig designers and jig fabricators for more 
important work since carpenters can do this class of 
work. Once the molds are completed and checked for 
accuracy, then appropriate locators are placed upon the 
wooden projections, two each being supplied for each 
section of tube. Following this, the heavier pipe ele¬ 
ments of the jig frame are applied to the locators and 
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Fig. 17 —CloM-up ci One of the Two 4-Torch Croei Bare 
Mounted on Travogrwh Torch Bar. Central Clamping of 
Work Piecee Reducee Creep and Promotea Extremely Accurate 
Cutting 

tack welded. Subsequently, the welding is completed. 
Since each of the types of locators described permits of 
adjustment, any minor errors may be corrected and such 
provisions for expansion and contraction as may be 
necessary are cared for. 

By this exceedingly ingenious method of 3-dimensional 
lofting coupled wi& adjustable locators, this particular 
contractor was able to tool up for this very complicated 
job in the remarkably short space of 60 days. 

While the application of jigs and fixtures to aircraft 
assemblies is impressive, particularly from the angle of 
the high degree of accuracy secured, other applications 
are equally interesting. For example, in the assembly of 
the simple canteen used by the soldiers for drinking 
water, jigs and fixtures are vitally essential in order 
to insure a high rate of production. The jigs involved 
in this work are quite simple yet perform so well that 
one might consider them the whole key to success in this 
manufacturing op>eration. (See article by W. F. Laut- 
ner published in the July 1944 issue of The Welding 


Journal.) The familiar shaped canteen is made in two 
halves as stampings. To join these two halves 
the edges of the aluminum stampings are flanged 
in amount about equal to the thickness of the material, 
these flanges being formed in the stamping operation. 
The flanges on the two parts will be aligned, and fused 
with a welding torch to ^ect the connection of the com¬ 
ponent elements; therefore no separate welding rod is 
needed. Since this is an aluminum welding job, parts 
must be fltued after cleaning and before welding. 

Time studies of this work indicated that one operator 
could do the fluxing and assembling for two welding 
operators. Therefore, a double-end^ jig as shown in 
Fig. 7 was provided and two of these jigs were placed 
close to one another. The girl on the right assembles the 
parts and applies the flux, performing this operation for 
the two welding operators shown to the left and rear. 
When either welding operator has completed the welding 
on a canteen she rotates the jig about a central shaft, 
thus bringing the newly fluxed assembly into position to 
be welded. The fluxing operator removes the welded 
canteen and repeats the procedure. 

Details of the features of the jig in so far as positioning 
the canteen for welding is concerned may be seen in Fig. 
7. It consists simply of a turntable that is operated by 
band by the welding operator. The work platform of this 
turntable serves to bold and position the lower stamping 
while the upper portion of the jig holds the upper stamp¬ 
ing in proper alignment and intimate contact with the 
lower half. Since no welding rod is employed, the opera¬ 
tor's left band is free to turn the jig while she applies the 
welding torch to the flanged edge seam. 

The importance of w^ing to shipbuilding is common 
knowledge. In fact, it might be said that this wartime 
program has been largely responsible for the public’s 
knowledge of the process. The requirements for ships 
have been prodigious and to meet these needs, mass pro¬ 
duction procedures had to be employed. Since welding 
is essential to the rapid production of ships, it follows 
that jigs and fixtures have played an important part. 
One ^ipbuilder is even employing a jig which holds and 
rotates a whole ship of relatively snuUl size during its 
final fabrication operations. While no photograph of 
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Fig. 18—Schematic Diagram of Pneumatic Pressure Diaphragm Used in Stack Cutting. Diaghram Is 
Shaped to Conform Approximately to Line of Cut, Compressing Stacked Plates with 25 Psi. Air Pressure 
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this is available, it has been frequently illustrated in the 
technical press and is doubtless familiar to all. 

Less spectacular, but none the less important are the 
host of jigs for subassemblies. In many cases great in- 
goiuity has been exercised in developing these. For ex¬ 
ample, Fig. 8 shows a jig for molding “fumaced” bottom 
shell keel plate to fit the stem frame casting. Note how 
the positions of the flat faces are maintained without ab¬ 
stracting too much heat, by using a stepped contact 
arrangement. Observe the heavy clamp at the end. 
This jig is obviously well designed to perform a very 
heavy fetting fimction. 

Figure 9 represents many excellent principles in jig 
design. Tlie jig is employed for the assembling of deck 
girders for such functions as hatch side girders and hatch 
end beams. The “T” section s^es to locate the hori¬ 
zontal element while the massive, yet novel, clamps lo¬ 
cate and hold the vertical member. The method of clear¬ 
ing arotmd the horizontal projection is well executed. 

A jig for positioning elements in proper location, and 
subassemblies in correct relation to one another, is shown 
in Fig. 10. This is employed for assembling the compo¬ 
nent parts of the shaft tunnel which runs from the after 
engine room bulkhead aft to the stem tube and houses 
the shaft. Completed elements may be seen toward 
the rear. 

An excellent example of a massive jig designed for 
fitting, assembling and taclc welding of a heavy hatch 
cover is pictured in Fig. 11. Fin^ welding of these 
covers is accomplished subsequently, outside this jig, 
utilizing a welding positioner to permit welding in the 
flat position. Observe that the top is constmcted of I- 
beams welded into checkerboard arrangement for maxi¬ 
mum stiffness. The design of the clamps, while not of 
the quick acting variety, is doubtless dicated by the 
great force which must be exerted. Note also the use of 
separate wedges for minor adjustments. 

The heavy and complicated jig illustrated in Fig. 12 is 
for the assembly of hatch side girders and hat^ end 
beams. The web is held horizontal on the heavy chan¬ 
nel base. The various flanges and other details attached 
to the flange are held in a vertical plane. Note the mul¬ 
tiplicity of hinged clamps for element along the left edge 
of the web. 

Jigs for shipbuilding need not be large complicated 
structures. On the contrary, some of the simplest con¬ 
trivances may be of great value. For example, the sim¬ 
ple vee block, a basic element in many jig designs, is il¬ 
lustrated in “grown-up” form in Fig. 13. This frame is 
here used for positioning a girder to permit down-hand 
welding. 

Another example of simplicity will be found in the jig 
in Fig. 14, whi<^ is for the purpose of fitting the tie 
braces and supporting elements of a double mooring bitt. 
Welding of the subassembly is also accomplished in this 

jig- 

It has been stated that careful machine work and fine 
finish, while highly desirable, are not essential to success 
in jig designing. A very good, though somewhat amus¬ 
ing, example was fotmd in a ^ipyard. Obviously, this 
“Rube Goldberg” (to borrow a popular expression), 
shown in Fig. 15, has not had the benefit of any engineer¬ 
ing design. Nevertheless it performs exceedingly well 
and, what is most important, does the job efficiently and 
economically. It is the brain child of an ingenious weld¬ 
ing operator. The job pictured is that of welding a re¬ 
inforcing flange around a pipe opening in a girder. It is 
an ideal job for E6020 electrodes, and to permit their 
use a device was required to hold the assembly and ro¬ 
tate it. Holding is accomplished by a four-piece spider 
made of two flat strips welded at the center, at right 
angles to each other. Stops are welded at the extremi- 



Fig. 19—The Pneumatic Clamping Device la Here Shown in 
Use for Cutting a Stack of 50 Thin Sheets 


ties to retain the work piece. This spider is mounted on 
the shaft inclined at 45°, to provide the necessary rota¬ 
tion. 

The seat does not indicate that the operator is lazy— 
rather that he is smart. It provides him with a comfort¬ 
able position in which to work and this is reflected in 
higher production and better quality, to say nothing of 
increas^ safety. 

Discussions of jigs and fixtures are usually confined to 
those devised for welding, and larely give consideration 
to similar devices used to facilitate oxyacetylene cutting. 
However, the methods employed in jigging may also 
be adapted to cutting. Some of the ingenious methods 
that have proved successful in oxyacetylene cutting are 
included here to assist those who may be confronted with 
similar problems. 

The tremendous requirements of the tank program are 
doubtless f amil iar to ^1. However, the means for meet¬ 
ing these requirements may be new to some. The use of 
machine gas cutting for the preparation of tank sprock¬ 
ets in large quantities is illustrated in Fig. 16. Here a 
Travograph equipped with eight torches, four on a side, 
moves on rails Ixtween the setups of plates to be cut. 
Means are provided for indexing this traveling carriage 
in terms of the work pieces, whi<± are accurately locat^ 
on the six cutting tables. At the first and third work 
stations two operations are performed, that of making the 
zigzag cut separating the plate in four pieces and also 
the making of the internal circular cut. Figure 17 il¬ 
lustrates the cutting of sprocket teeth on the periphery. 
Observe how each piece is held and located by means of 
the internal circular cut. Also note how the zigzag cut 
is used for indexing the pieces with respect to ea^ other. 
By providing two vork positions for separating the plate 
and making the internal cut, it is possible to keep pro¬ 
duction flowing without the necessity of intermediate 
stacking of the parts on the floor. In other words, each 
of the end positions provides a continuous supply of ma¬ 
terial to the center position for cutting. 

For high-production cutting of thin steel sheets, the 
use of stack cutting offers very attractive advantages. 
However, one of the difficulties in stack cutting is the 
clamping of the stacks of steel so that the edges remain 
in intimate contact. If this intimate contact is not main¬ 
tained, and an air gap exists, the cut is lost and valuable 
material wasted. Under some circumstances, simple C 
clamps prove adequate. On more complicated shapes, 
however, it is usually quite difficult to provide adequate 
clamping over the whole surface. The diaphragm or pres¬ 
sure plate illustrated in the drawing in Fig. 18 represents 
an ingenious method of clamping these parts. It is in 
effect a bellows welded from sheet metal. The design 
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Fig. 20—The Pneumatic Bellowi Clamp U Shown in the Rear, 
Mer Removal oi the Finished Cut Stack oi Plates. Cut Is 
Exceptionally Smooth 


of this bellows*merits dose study since it is quite novel. 
Two annular pieces of sheet metal are welded along the 
inner edges by means of an edge weld. The outer ^ges 
of these annular pieces are then welded to the sheet metal 
top and bottom of the bellows. An air inlet, more or less 
centrally located in the top sheet, is provid^. This bel¬ 
lows is backed up with a top pressure plate. The bellows 
or diaphragm is made slightly smaller than the actual cut 
so that it will not interfere with the free movement of 
the cutting tip. Another pressure plate on the bottom 
provides the other dement of the clamping arrangement. 
Heavy C clamps provide the tie-in between the two 
pressure plates. Introduction of 25 psi. air pressure to 
the bellows effectivdy applies suffident force over the 
stack of sheets to bring them into the desired intimate 
contact. On top of the stack is the waster plate com¬ 
monly used in stack cutting. 

In Fig. 19 this jig is shown in use holding a stack of 
fifty 18-gage sheets W cutting by a Planograph. Figure 


20 shows the cut completed and the stack removed from 
under the diaphragm. 

In its present application no cutting is perf o r m ed at 
the rear of the stack. However, should cutting be neces¬ 
sary, several means could be developed to permit cutting 
while maintaining the tie-in presently provided by the 
clamps. This might be accomplished by hydraulic jacks 
operating fr om an overhead beam or the ceiling. An¬ 
other method would be to use quick acting clamps. Ob¬ 
viously, any of these devices would have to be moved as 
the cut progressed so as not to interfere, yet once the cut 
passed the spot, they must be replaced to restore the 
clamping effect. 

The devices so far considered have been of the type 
designed for specific application, in contrast to those 
suitable for general use. The latter type is generally re¬ 
ferred to as welding positioners. In this field remarkable 
strides have been made in both size and design. Where a 
positioner capacity of 14,000 lb. was large before the war. 
today the larger editions will accommodate weldments 
as heavy as 35,000 Ib. and even more. Another interest¬ 
ing extension of these devices has been the development 
of what might be termed the “lathe type” positioner, for 
handling more or less cylindrical weldments. They con¬ 
sist simply of a power-driven headstock at one end with 
an idling tailstock. All of these positioners have played 
important roles in enabling welding to meet mass pro¬ 
duction requirements. Rows of them are common sights 
in many plants. 

The jigs and fixtures covered by this brief discussion 
are by no means a complete review of those used in war 
production. Many of the finest are still obscured from 
genera] view and study by the cloak of censorship. When 
this is lifted we shall have available a v;Lst source of in¬ 
formation on this very important subject, which may 
well change our perspective of the problem. It is to be 
hoped that those who have contributed so effectively to 
war production will later reveal to industry the equip¬ 
ment they have developed, including the jigs and fixtures 
for welding. 
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Design of Welded Machinery’ 


By John Mikulak^ 


Introduction 

W ELDING as a production tool is perhaps the 
most vital factor in the success of our present 
war production effort. Whether it will con¬ 
tinue to enjoy its present position in the postwar era will 
depend upon the ingenuity of our engineeis, designers 
and operators. 

The phenomenal contribution of welding to the war 
effort h^ been made in spite of rather than because of 
adequate planning and study of the best and most eco¬ 
nomical and efficient procedures and design. And, if the 
enviable record of welding is to be maintained in the 
postwar era considerable research and effort must be 
devoted toward its application to peacetime pursuits on 
a wider basis and with assurance of satisfactory and effi¬ 
cient performance. 

In general, the engineer and designer have not used 
welding to its fullest advantage. This in many instances 
is no doubt due to the pressure of emergency require¬ 
ments and as a consequence little or no time is allowed 
for either proper design or procedure. However, there 
are many instances where examination will disclose that 
improper design has been due to a limited knowledge of 
the welding process. It is not enough merely to sub¬ 
stitute welding in a cast or riveted design. Many of our 
difficulties with welded structures are caused by such a 
practice. Welding as a production tool is versatile and 
is easy to apply. However, there are many inherent 
characteristics of the welding art which require special 
consideration and sets it apart from other forms of 
fabrication. The purpose of this paper is to re-empha- 
size some of these characteristics. 












Fig. 2—Unbalanced Joints and Illaitration of Obtaining Better 
Balance 


Slelection of Materials 


* Preseated at the Tweoty-Fiftli Annual Meeting, A.W.S., Cleveland, Ohio, 
Oct. le to 19. 1944. 

t Bleetric Machinery Mfg. Co., Minneapolis. Mina. 



Fig. 1—Elasticity Corves Showing Affinity for Slip and Rates 
of Slip at Various Stresses 


All steels and most of the other ferrous and nonferrous 
metals are weldable under proper conditions. However, 
many of these metals require elaborate, time-consuming 
preparations to obtain the proper welding conditions. 
Therefore, whenever possible, the metals dhosen ^ould 
possess good welding characteristics or weldability, i.e., 
the common low-carbon steels. These steels have in 
addition to desirable mechanical properties the additional 
advantage in that generally higher welding speeds may 
be used than on the complex alloys. There is, however, 
a trend to make use of high-strength alloys primarily 
to reduce the weights of weldments. Use of these high- 
strength steels and nonferrous alloys in the postwar era 
will require special adaptation of the welding processes 
to produce more satisfactory cost results. There are 
many other factors in addition to weight reduction that 
require special steels and nonferrous alloys, such as 
abrasion, friction, conductivity, corrosion resistance to 
various fluids and gases, etc. In many instances use 
of special materials can be avoided by making use of 
surface deposits which can be applied by welding, 
spraying, plating or painting. Flame strengthening or 
hardening can also be used to obtain proper physical 
requirements in the critical areas. 
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The success of weldments as well as other forms of 
fabrication is generally weighed first, on the basis of cost 
and second, on performance. While this may not be a 
fair standard, nevertheless, it is a challenge and the de¬ 
signer must be prepared to meet it. The use of low- 
alloy steel enhances the possibilities of obtaining low- 
cost weldments by utilizing this low-cost material which 
combines excellent workability and weldability. 

One of the principal properties of metals selected for 
low-cost weldments is ductility. This phenomenon is 
actually molecular slip in the grain structure of the 
materid. Figure 1 illustrates ^ree curves which are 
characteristic of the manner in which this slip occurs. 
Curves A and B are characteristic of ductile metals 
while Curve C is characteristic of brittle metals. 

A materia] without afl&nity for slip as shown in Curve 
C requires considerably more care and setup for ap¬ 
plication to welding than materials with afi&nity for slip 
as shown in Curves A and B. Curve A is characteristic 
of the low-alloy steels and from this curve it can be seen 
that 2.1% deformation can be obtained in the structure 









/NcortAcera 











UHoeycvr 

Excess 

db 


OyeycAy 



^xetss 


Q UHoeteur \o¥eieLAP yysyAy/c/x^/r 

I I / A A^€T»mrfoN 

^ & 






I £m€»SS 


MerAc /></e 
7i 


/hAoxfrX oA 

Ilg. 3—^Diacontinuitles is Welded loinii 


without exceeding the yield point of the material. On 
the other hand, ctuve C whi<^ is characteristic of a cast 
iron will produce fracture at only one-sixth of the de¬ 
formation of low-alloy carbon st^ shown in Curve A. 
Because of this fact, it can be concluded that ductile 
metals can be welded successfully with considerably 
less difficulty than brittle, metals as concentrated 
stresses caused by localized thermal forces can be re¬ 
lieved without fear of fracture. It, therefore, is seen 
that the weldability of a metal must be considered 
from the metallurgical aspect before the final decision 
is made. 


Joint Design 

Stresses are set up by thermal forces, externally ap¬ 
plied forces or gravitational forces. These forces set up 



tig. 4—8tnM FVm in W«U DtoPonHauiti— 


shear, tension or compression stresses. The magnitude 
of the stress depends upon force and section as weO as 
the manner in which the force is applied. It is worthy 
to note that the efficiency of a section to carry load is 
minimum when produced by a bending or a twisting 
moment. Therefore, in designing whenever possible, 
bending or torsional moments ^ould be avoided. 

Stresses flow through a section or a joint Mmilar to 
liquid in a hydraulic system. A discontinuity inter¬ 
rupting the flow will cause concentration of stresses 
similar to the eddy currents in a hydraulic system. 
Further, the resisting force of the section under stress 
attempts to align itself with the externally applied load. 
Since this phenomenon causes severe stress concentra¬ 
tion especially if the latter creates a bending moment 
such practice should be eliminated whenever possible. 
Figure 2 illustrates some of the more common causes of 
imbalanced joint design and how they can be corrected. 



Fig. 5—Strew Flow in Comer and Tee lointi 
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Fig. 6—StreM Conoentration in Tennon Bax with Hole Con* 
atituting Discontinuity 

It can be seen that in some cases unbalanced joints are 
made because of the convenience the particular joint 
■affords in setup and fit-up. This type of joint may be 
permissible and be perfectly safe, provided the stress 
•conditions permit its use. 

Elimination of tmdesirable conditions in stress flow 
must also involve consideration of the discontinuities 
caused both by the welding process and the joint design. 
Figure 3 illustrates the common forms of discontinuities 
in a welded joint. Each of these discontinuities causes 
stress concentration and care should be taken to eliminate 
them by a proper welding procedure and technique. Fig¬ 
ure 4 and polaroscope models show the effect of stress 
ffow, caused by various discontinuities. Most of these 
are inexcusable as they are the result of improper work¬ 
manship or design and the cost of eliminating them is 
small and genei^y consists merely of requiring suffi¬ 
cient training of the operators and designers. The 
design should be such as to make possible sufficient fre- 
dom for the operator to manipulate the arc properly and 
thereby produce a good joint. 

Undesirable stress flow can also be caused by im¬ 
proper joint design. Figure 5 illustrates examples of 
this effect on tee and comer joints. Polaroscope models 
of the conditions in Fig. 5 illustrate very vividly the 
effect of the stress distribution and flow in these joints. 
The effect of stress concentration, however, is not as 
serious in ductile metals as it is in the brittle metals, 
because the affinity for slip in the ductile metals will 
allow the concentrated stresses to be relieved by local 
plastic flow of the material at the stress areas and diereby 
enable their distribution into the section. 


The importance of stress concentration is sometimes 
overlooked because generally only average stresses are 
calculated. Figure 6 illustrates a simple tension speci¬ 
men with a hole in the center simulating a defect from 
which it can be observed that the stress at the hole is 
300% greater than the average stress. If this member 
is of a brittle material the average stress must be re¬ 
duced by increasing the section to obtain a safe maximum 
stress. However, in a ductile metal this stress will be 
relieved by plastic flow provided the joint is such that 
this flow can be dissipated uniformly so that the maximum 
unit strain will not exceed the ultimate strength of the 
material. An incompletely welded joint or a notch at the 
surface of the hole would produce a condition in which 
this stress could not be dissipated uniformly, as a result 
a failure would result. 

Before passing the subject of joint design, a mis¬ 
guided interpretation should be l^ought out in that 
there is a growing tendency to make the user of welded 
fabrication feel that eadi joint must have a continuously 
perfect weld, with excellent deposit, complete penetra¬ 
tion, smooth contour, etc. While this , in general, is 
true, however, actually each joint should be engineered 
to t^e care of only the actusd loads imposed on it. In 
many instances where members of a weldment are de¬ 
sign^ from a standpoint of stiffness, the plate thickness 
may become large and therefore, the unit stresses will 
be low. ‘ In such cases it would be tmwise to make the 
joint strength equal to the plate strength as it would 
prove uneconomical especially if the load is essentially 
of a static nature. Gener^y the amoimt of weld 
should be determined so that ^e stresses in the welded 
joints will be approximately equal to that allowed by 
the particular code or specifications. It shotfld he: 
pointed out that undesirable stress flow is such only when 
its presence produces unsafe stresses. However, the 
designer should be familiar with this phenomenon and 
spe(^y the correct joint and weld procedure. 

There are special cases, however, where the joint must 
be of equal stiffness to the plate, even though the stress 
is low in order to obtain desired effects. Figure 18 il¬ 
lustrating such a case, is a cross section of the frame 
shown in Fig. 14, in which the frame stiffness must be 
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Fig. 7—Joint Procedure Showing Necessary Dimensions and Engineering Data 
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Fig. 8—Standard Procedure lor a 1^/rIn. Doiible>Vee Butt Weld 



Fig. 9—Welding Procedure as Shown on Shop Dravrlngs 




Welding Sequence: Joints 1, 2, 3, 4 and 5 in px^sitioner 45° 
from vertical. After welding joint 3 hammer down block and 
weld joint 4 in vertical down position. Swing cap in jig and make 
joint 6 in 45° from vertical. Turn cap in horizontal position, rotate 
45° and weld joint 7, then turn 135° and weld joint 8. Fit cap to 
base and weld on seals at joints 9 and 10. 

Rg. 10—Welding Sequence for Pedestal Cap 


calculated to detennine the frame frequency. For this 
reason the welded joint must be of sufficient stiffness to 
make all members of the frame act as a unit energy mass 
so that calculations will correspond to actual conditions. 
In this application the welds are necessarily large, there¬ 
fore, the stresses usually are low or between 900 and 
2500 psi. 

There are many factors to consider in the selection of 
the joint which may appear contradictory. However, 
these factors consider ^e practical aspects of welding 
and have been found to be perfectly safe. It is the weld¬ 
ing engineer’s duty to see that these factors are both 
analyzed and applied correctly to the weldments to ob¬ 
tain the most workable and economical design. 


In designing, the foregoing fundamentals should be 
kept constantly in mind as the design and welding pn^ 
cedure is being worked out. It may be worth noting 
that far more failures in weldments are caused by im¬ 
proper design or welding procedure rather than by prx^r 
welding technique by careless or inexperienced operators. 
Welding procedure and welding technique are not to be 
confused and should be thought of as two branches of 
welding. 

Welding procedure is a factor in design and is in a 
good many instances more important than the actual 
design itself. The engineer and designers must be 
familiar with this branch of the welding and specify the 
welding procedure on the drawings being sent to the ^op. 
Welding procedure should specify the correct t>*pe of 
electrode, electrode size, welding amperage, voltage, 
arc speed, type of joint, size of weld, bead procedure, 
fabrication sequence, welding position and beat treat¬ 
ment if requir^. 

Welding technique is the branch of welding in which 
the primary interest is fabrication of the weldment as 
directed by the procedure. Proper arc manipulation, 
bead contour, be^ size, penetration and skill^ opera¬ 
tion of the welding equipment being used are the im¬ 
portant factors to be considered. I believe, and it is 
gratifying to know, that in general, welding technique is 


Fig. 11—Welded Bea r ing Pedeetal with Pedeetal Cap Henoved 
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fig. 12—Spider for a Motor Welded Integral with the Shaft 
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understood more thoroughly by the operator than weld¬ 
ing procedure is understood by the engineer or designer. 
This fact should instill confidence in the latter group 
toward the operators. 

All manufacturers using welding as a production tool 
should set up standards to obtain uniform quality, of 
materials, production and manufacturing cost. Eadi 
joint being used should be standardized for proper fit-up 
so that the type and size of electrodes specified can hie 
used effectively. Variations in joint fit-up should be 
provided for by proper and uniform processing of the 
joint. Figure 7 illustrates a joint procedure that is 
being used by the organization I am associated with. 
The welding procedure for a weld in one of the joints 
shown in Fig. 7 is shown in Fig. 8. Figure 9 illustrates 
how the information in Figs. 7 and 8 is shown on the 
drawing being sent to the shop. The fundamental 
theory behind this standard is that only welds on the 
near side can be shown and it is necessary to choose the 
correct view on the drawing to illustrate the correct 
location of the weld. It should be pointed out, however, 
that it is not necessary to set up a complete set of new 
standards as the American Welding Society has set 
up many of these standards and they are available to the 
industry. However, I feel that our procedure is some¬ 
what more easily read and understood by the men in our 
organization. 

The standard procedures should cover every joint for 
every position in which each may be welded as well as 
for the various types of equipment each joint will be 
produced with. This may appear as a tremendous task 
but it is not difficult if done in a steady sequence as 
progress is made in the application to actual weldments. 
It is to be expected that various operators will not strictly 
follow this procedure but, certainly, a criterion is estab¬ 
lished for tihe organization to work with and the final 
results will be found very gratifying. 

Another very important phase of standardization is 
the welding fabrication sequence. The welding se¬ 
quence should describe in detail how the various ele¬ 
ments of the weldment should be set up, tack welded, 
clamped and sequence of welding the various joints. A 
standard welding sequence with a standard welding pro¬ 


cedure will make it possible to produce weldments with 
uniform quality and cost with minimum residual stress 
and distortion on large production line jobs. Figure 
10 illustrates a welding sequence for the bearing pedestal 
cap design shown in Fig. 11 and is typical of the required 
outline. Welding sequence is of great value when weld¬ 
ments are being set up on an incentive program. 

Illustrations of Typical Welding Procedures 

Importance of welding procedure can be illustrated 
by bringing to attention examples from actual experi¬ 
ence. 

Figme 12 illustrates a spider for an electric motor. 
The spider consists of several ribs welded to the shaft. 
These ribs are not shaped to fit the curvature of the 
shaft. This results in a narrow deep root opening be¬ 
tween the rib and shaft. There are at least two suit¬ 
able procedures for welding this joint and the method 
depends on the strength of the joint required and the 
type of load the joint will be subjected to. If full pene¬ 
tration is not required, the joint can be made by two 
single-pass fillet welds—using sufficient heat to obtain 
the required penetration. The remaining procedure 
consists of maUng the joint with two fillet welds, each 
fillet made with two beads—using an electrode which 
builds up on the first pass (A.W.S. ^11 ot 6012) to bridge 
the poor fit and the second pass made with a high-speed 
rod (A.W.S. 6030). 

Using 520 amp. with a Vs-in. electrode (A.W.S. 6030) 
in the flat position, single pass, will not produce a suit¬ 
able joint as difficulty is encountered in obtaining proper 
penetration because the long root opening constitutes 
the equivalent of a bad fit-up. This makes it necessary 
to use slow arc speed in order to fill up the crater. The 
hot arc pool disripates the heat energy from the arc and 
prevents proper penetration and as a result a shallow 
concave bead is deposited. Further, the increased pud¬ 
dling time washes carbon from the steel shafting (S.A.E 
1025) into the weld pool and decreases the ductility of 
the deposit. The joint upon cooling contracts and causes 
the rib to pull up against the shaft which results in a 



Fig.|13—Staior for a Motor Showing the Shell Which la 
Welded After Stator Core la Stacked 


Fig. 14—Stator Frame for a Large Motor Showing Construction 

Detaila 
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Fig. 15—Shells That Are Available for Machine Designs and Which Can Be Incorporated in Weldments 

to Reduce Welding 


joint with greater stiffness than the strength of the de¬ 
posited bead which as a result produces a cracked weld. 
Spacing the rib away from the shaft increases the root 
opening and causes greater difficulty with this pro¬ 
cedure. Preheating the shaft and ribs produces better 
results with the two single-pass fillet procedure. 

Higher heat as used with an automatic welding head 
will produce suitable results with a single bead. Due 
to the tremendous amount of energy used the penetra¬ 
tion will be sufficient to produce sufficient bead strength 
to resist forces set up in die cooling cycle. 

In using two passes to produce each fillet as men¬ 
tioned previously the first pass is deposited with less 
heat and consequently restilts in less maximum tem¬ 
perature, produces less contraction, and at the same time 
the relative cross-sectional area of the bead is somewhat 
greater. The greater relative bead section and less 
contraction force produces excellent results. 

Another point of interest is the reinforcing brace 
placed between the axial ribs. It was desired to place 
and weld these braces before welding the axial ribs to the 
shaft and thereby serve as an accurate spacer for the 
set-up operation. This required welding from each end 
of the axial rib to the center bracing rib. However, 
when this was done, the weld deposited on the first end 
of the spider would crack as the weld on the second end 
was being completed. The difficulty is apparent when 
the condition is studied. The expanding cycle diuing 
welding on the latter end created sufficient thermal force 
on the weld at the first end to cause failure. The fact 
that the joint is made by partial penetration, causes a 
stress concentration on the root of the weld which con¬ 


tributes to the failure. Difficulty was overcome by sup¬ 
porting the axial bars in a jig and making all welds con¬ 
tinuous across the full length of the axial rib and later 
adding the reinforcing braces. 

Another instance illustrating the importance of weld¬ 
ing procedure is shown by Fig. 13. The shell of this 
motor is welded to the sideplates after the core is com¬ 
pletely stacked, and, further the shell is welded without 
having the core on a mandrel. The core must be round 
and parallel with the shaft within plus or minus five 
thousands of an inch and also the core cannot be turned 
after welding and therefore the welding procedure must 
be such that the frame will be free of excessive residual 
stresses to eliminate shifting in position of the core. 
Further, because the shell extends only over a portion of 
the sideplates, consideration must be given to prevent 
the frame from being pulled into an eliptical shape. 

The latter consideration requires distribution of weld¬ 
ing heat. However, the former condition requires 
minimum residual stress and requires welding from the 
vertical center at the top toward the feet in a continuous 
manner. As may be suspected the final procedure was 
a compromise and consisted of starting the weld at the 
vertic^ center line of frame and welding 25° toward 
the feet. Then shifting to horizontal center line and 
welding 25° from it toward the top of frame and then 
welding 25° toward each foot—the welding position 
being shifted from one side of frame to the other side. 
Welding position is then moved to the 45° center line 
of the frame and welding from this centerline toward 
the top of imit and then toward the feet. Finally, 
the weld is complete at the foot of the frame. This pro- 
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Fig. 16—Suggefted Shapes Required to Produce Low* 
Cost Weldments 


cedure allows the finished structure to remain round 
within specified limits and also evidently reduces locked- 
up stresses to a point where no perceptible change in 
dimensions is noticed as the structure strain ages. 

Welding the same frame by starting at one foot and 
welding continuous to the o^er foot will cause out-of- 
round condition of the core to as much as one tenth of 
an inch. 

The influence of aging of welded structures appears to 
be affected considerably by various welding procedures. 
Figure 14 illustrates a frame for the large motor and 
generator ratings. Frames of this type are bored after 
welding. However, if these frames are bored immedi¬ 
ately ^ter welding, they will go out of round approxi¬ 
mately 0.093 in. on the diameter. If these units are 
welded by beginning at the vertical center line and weld¬ 
ing in areas of 20^ from each of these positions, working 
simultaneously from both top and bottom of the frame, 
and welding toward the feet, the units will age siuffi- 
ciently in 15 days to reduce this out-of-round condition 
to as low as 0.006 in. However, if on the other hand the 
welding is done by welding from one foot to the other 
foot this out-of-round condition will still be approxi¬ 
mately 0.015 in. after an aging period of 22 days. 

Returning to Fig. 14 the fabrication sequence for 
welding all the joints, must be such that all circumfer¬ 
ential joints are made first and then finished by welding 
in the comer braces and ribs. A reverse fabrication 
procedure where welding is started by welding the ribs 
first will produce cracked welds at the ribs. The first 
procedure allows the ring parts to shrink and rotate 
freely as the circumferential welds are being made and 
has proved to be highly successful. 



Uniform welding procedure is very important on 
predsion-welded assemblies made with the use of jigs. 
The bearing pedestal cap shown in Fig. 11 can only be 
removed from the jig with considerable difficulty if it is 
not welded in accordance to the procedure shown in 
Fig. 10. In designing jig assemblies, the welding pro¬ 
cedure should be decided upon before the design of the 
jig is completed as the latter is influenced by the conduct 
outlined in the procedure. 

The bearing pedestal in Fig. 11 can be used to show 
the importance of proper jigs with a suitable welding 
procedure. A pedestal requiring 6.5 hr. for the welding 
time without a jig can be reduced to 1.8 hr. with a proper 
jig. However, the latter time can be increased up to 3 hr. 
on the same jig if the procedure issued is not followed. 



ng. 18—Cross Section Through a Present Welded Stator Frame 


Residual Stresses, Distortion and Stress Relieving 

The latter examples indicate that proper procediure 
with an aging period would make stress relieving by 
heating unnecessary. I believe this is true as the above 
examples give postdimension stability performance 
which is approximately 80 to 90% of properly annealed 
structures. Many mild steel structures are stress re¬ 
lieved unnecessarily; thereby increasing manufacturing 
cost. Figure 11 is ^so an example where it was found 
unnecessary to stress relieve, as satisfactory results have 
been obtained in the past 3 yr. by dispensing with it 
and substituting a 12-day aging period. However, in 
cases where high stresses are involved and where ab¬ 
solute maximum postdimension stability is required, 
stress relieving by beating is a good solution. 

It should 1^ pointed out, that welding sequences in 
which minimum locked-up stresses are produced during 
welding will materially assist in producing desirable 
postdimension stability. Welding to open joints re¬ 
duces residual stresses to a minimum. However, this 
practice produces large initial distortion and therefore, 
it is important that elements of a weldment whidi must 
be machined or must fit adjacent weldments, are welded 
after the substructures are completely welded and 
thereby eliminate a major portion of the distortion due to 
welding operation. 

The stress-relieving equipment and the stress-relieving 
operation place an appreciable expense item on the small 
fabricator. In many cases correct application of weld¬ 
ing will not require stress relieving and can be dispensed 
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Fig. 19—Higk>Sp««d Motor Dongii Using Formsd 




Fig. 20—Small High-Speed Motor Using Shells and Baffles to 
Improve Appearance and Direct Ventilating Air 


with. Further study will produce more useful data on 
this subject. 


Design Trends 

In the latter years before the present war era, the 
industrial product designer, made considerable progress 
in making the buyer and user of industrial products 
conscious of appearance. This trend has been some¬ 
what curtailed by the war effort. However, the display 
of postwar models makes it apparent this trend has ^en 
constantly in the background of postwar plans. As a 
result attention must be focused on this element in de¬ 
sign. Naturally, it is difficult to forecast in detail what 
our philosophy of appearance will be 5 or 10 yr. hence. 
From present indications, however, it appears rectangu¬ 
lar figures with gracefully curved comers will be pre¬ 
dominant. Fortimately, as previously discussed, this 
type of figure is ideal for stress distribution in weld¬ 
ments and therefore will not hamper performance of such 
weldments. 

The future design tendency will without question 
demand more from our rolling, forming and stamping 
industries. At this very hour, there is a grave need for 
proper shapes and forms which could be incorporated 
into designs to produce more economical and pleasing 
appearing weldments. My close contact with the 
electrical motor and generator industry makes me feel 
confident that the design and appearance of this product 
will be influenced by shapes and forms—assuming they 
can be purchased at proper price and with proper de¬ 
liveries. At present, due to an apparent lack of rolling 
and forming equipment, deliveries as well as cost run 


high and as a result discourage use of such elements. 
Figure 15 illustrates several shells that are now available 
and no doubt many others will be made availaUe as 
these elements are introduced into various machine 
design fields. 

I^sent rolling mill practices do not produce the most 
desired cross sections for application to weldments 
This fact was illustrated in Fig. 5. There are many ad¬ 
ditional shapes which could be produced by the roliing 
industp^ such as shown in Fig. 16. The forming and 
stamping industry could also be of material assistance 
in producing such elements as standard machine feet, 
annular rings and comer brackets. New welding and 
rolling methods should produce rolled and welded rings 
at prices from 2 to 4 cents above the price of the raw 
material. It is entirely possible that in the postwar era, 
the greatest strides in the welding industry will be made 
in producing these elementary shapes rather than in 
developing new welding machines and welding electrodes. 

A proposed cross-section assembly through a large 
electric motor frame shown in Fig. 17 demonstrates the 
influence shells could produce on this product. Here, 
two flanged shells are used, with the centers renK»’ed. 
to form the frame. Figure 18 illustrates the present 
design of the same frame. The amount of welding is 
decreased 70% in the proposed design and in addition, 
due to simplified set-up procedure required, the set-up 
time would be decreased an additional 
, Figure 19 is an artist's conception of a large high-speed 
motor made from pressed shells and stampings. This 
unit is actually going through production as an experi¬ 
mental model. This design, from cost estimates, should 
reduce manufacturing cost of the structural elements 
approximately 42% over the present conventional 
welded desi^. In many cases, to obtain economy and 
low weight, it is possible to make a substructure of very 
simple open construction and by use of shells drawn from 
sheet steel, cover the structure to obtain pleasing ap¬ 
pearance. The covers or shields, in addition, can also 
provide additional necessary functional operations such 
as shown in Fig. 20. The covers in the latter provide 
protection from moisture and foreign matter, and also 
direct ventilation. 

Simplicity of design cannot be overemphasired as a 
positive means to accomplish low cost, good appearance 
and functional design. In this present j>eriod of restricted 
availability of materials, it is patriotic to use all the 
scrap material possible. However, this may, and in 
many cases does, increase the manufacturing cost by 
requiring extra labor in cutting, welding and setting up 
operations to make it possible to use the scrap avail¬ 
able. The final outcome is a higher man-power demand 
which in many cases is more critical than the material 
shortage involved. Cutting scrap by use of the gas 
torch, for comer braces in Fig. 15 requires approximately 
300% more labor than shearing them from bar stock, 
and, in addition, the cutting operation requires critical 
material. Therefore, care should be taken when plan¬ 
ning to incorporate scrap as parts material. 

Precaution should also be taken when designs for 
welded construction are made to fit available jigs and 
fixtures built for other forms of fabrication. Care 
should be exercised that such a procedure will not in any 
way hamper sound functional welded design. For in¬ 
stance, it is unwise to make the welded design a few 
inches larger in diameter, or a foot plate thicker, or add 
a few extra ribs merely to fit an available jig that has 
been designed for cast-iron construction. Steel con¬ 
struction is stiffer and stronger than cast iron and there¬ 
fore full advantage should be taken of this fact to obtain 
maximum economy. 
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The suggestions and examples brought out in this 
paper indicate that there is a considerable amount of 
pioneering to be done in establishing the welding in¬ 
dustry as a universal means of fabrication. Welding 
and ^e welding industry is by no means in its infant 
stage. However, the welding industry cannot consider 


itself fixed until the art is made so f amili al* that the word 
"welding” impresses the layman with a definite and exact 
conception of the process involved. 

In closing I wish to express my appreciation to Prof. 
T. P. Hughes of the University of Minnesota for his as¬ 
sistance and suggestions in producing this paper. 


Quartermaster Black¬ 
smith and Welding 
School* 

S OME of the most modern up-to-date equipment 
known to the welding industry is now in use at the 
Quatermaster Blacksmith and Welding School of 
Camp Lee’s Army Service Forces Training Center—aid¬ 
ing in the training of skilled QM welders to take their 
place in the Army’s vast network of service and supply 
throughout the world. 

For example, two 500-lb. acetylene generators have 
been installed at the school for the generation of its own 
acetylene gas. This is the largest size known to be used 
in the industry and there are not too many of them in 
existence. 

The construction of the generator system was ac¬ 
complished entirely by soldier labor, and the amount of 
money spent in its construction was saved during the 
first eight months of operation, since carbide was bought 
in larger quantities at a saving. Also, following instal¬ 
lation of the system, gas leakage and that wasted in hook¬ 
ing up the tanks was eliminated. 

The gas, generated by combining calcium carbide and 
water, is piped undergroimd into the welding shop from 
across the street. In the generator building is ^so lo¬ 
cated a 22-bank manifold system for tanks of oxygen, 
which likewise is piped to the shop imderground. The 
acetylene and oxygen are used in the 48 stations of the 
shop, where complete equipment—minus the tanks—are 


* Public Relations Office, ASPTC, Camp Lee, Va, 



U. S. Army Pholo 


Quartermaator Tiaineea at Camp Lee's kimy Service Forces 
Training Center Learn All About Welding at the Blacksmith 
and Welding School 

Above, acetylene welding is being performed by a group of 
students. Altogether in the shop are 48 acetylene welding stations. 



U. S. Army Photo 


A Classroom Scene in the Quartermaster Blacksmith and 
Welding School of Camp Lee's Army Service Forces Training 
Center 

George D. Foulkrod, of Petersburg, Va., Instructor at the school, 
is pointing out a diaphragm used to reflate the working pressure 
d an acetylene welding torch. The board contains a complete 
welding and cutting outtit 


set up. By combining acetylation gas and oxygen in 
the welding school, a heat of as high as 6600*^ F. can be 
produced. 

The idea for the generator system was that of Thomas 
H. Shinault, head civilian instructor at the shop. He is 
planning to secure an oxygen generator to go with the 
acetylene one. A native of Richmond, Va., Mr. Shinault 
has been welding for 30 years. 

Also a veteran welder is Lieutenant Charles Unger, 
officer in charge of the shop. He worked with a large 
electrical manufactm-ing company in Pittsburgh prior 
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to entering Xht Army. As an enlisted man he was at the 
Blacksmi^ and Welding School at Camp Lee from Feb¬ 
ruary to June 1941. In September of last year he was 
appointed officer in charge following service in Iceland, 
England and North Africa, serving with the Transporta¬ 
tion Corps. 

Training is provided at the school in blacksmithing, 
oxyacetylene welding and arc welding. Instruction is 
given in welding both ferrous and nonferrous metals. 
All welders receive two weeks’ schooling in blacksmithing, 
four weeks in acetylene welding and two weeks in theo¬ 
retical arc welding. Blacksmiths who show efficiency 
after six weeks are given two weeks’ welding instruction. 

»The school’s training program prepares ^artermaster 
soldiers for work in QM blacksmith and welding activi¬ 
ties in base depots and repair shops overseas, as well as 
installations in this country. They do welding work on 
heavy equipment in the field, met^ salvage and salvage 
reclamation, such as cutting up tanks, heavy guns and 
automotive equipment. They repair mobile laundry, 
fumigation and bath, and refrigeration equipment in the 
field, as well as field ovens, steel cots and bed frames, 
sewing, shoe repair and dishwashing machines, and cook¬ 
ing utensils. 


Besides its training functions, the school is also one of 
production. Since 1941 it has performed 2503 jobs for 
various elements of the training center. The productioc 
jobs were of a miscellaneous nature, including the repair 
and welding of chains; straightening and welding of 
truck bumpers and frames; forging of all types of £and 
tools; production of all kind of special tongs; welding of 
trucks’ axles, housings, exhausts and int^e manifolds; 
repair of Engineer and Post laundry equipment, and 
manufacture of all types of tables, benches, brackets 
and special stands for training aids. 

The instructors of the school have developed a system 
whereby they keep in touch with their graduates after 
they leave Camp Lee. Each is given a postcard with 
the return address of the school printed on it. On the 
back are blank spaces to be filled in telling where the 
graduate is, what type of unit he is with and what spe¬ 
cific type of work he is doing. There is also room on the 
card for writing down suggestions for improving the 
course based on observations and experiences gathered 
after leaving the camp. The plan has been in operation 
several months, and cards have been returned from 
graduates in the Southwest Pacific. Australia, England 
and North Africa. 


New Silver Soldering 
Technique Improves 
Production 

By C. A. Medsker 

D evelopment of a new technique for the use 
of silver solder and other low melting point al¬ 
loys in production has practically eliminated the 
principal nonproductive finishing operations that have 
been common-place steps of procedure in numerous 
plants. The essence of the improvement is the automa¬ 
tic supply of flux to the joint in the correct amount and 
at a uniform rate. 

Proper fluxing of the joint is more than incidental to 

* Chief Bnglaeer, The GmAus Co., Mansfield, Ohio. 



Court€sy Th4 Wtalhtrktad Co., Clefelond, Ohio 
Fig. 1—A Gasflux Installation for Silver Soldering in Produc¬ 
tion. The Flux Is Supplied Automatically Through the Flame 



Fig. 2—The Gasfluxer, Which Delivers Vaporised Flux to the 
Fuel Gas Stream 

the silver soldering process. It performs the vital func¬ 
tion of dissolving and removing oxides and other impuri¬ 
ties, and of inducing a rapid flow of the solder through the 
joint. Since failure to use sufficient flux inevitably re¬ 
sults in a substandard joint, the tendency is to use more 
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Fig. 3—A Typical Application Is the Assembly of This Weather* 
head NonrechargeaHe Silica Gel Dryer and Filter for Use on 
Electric Refrigerators 


than enough flux in order to be on the safe side. This is 
especially true of operators who have not had long expe¬ 
rience with the process, and the war emergency has m^e 
it necessary to employ many of them after only a brief 
period of training. 

Under these conditions two difficulties have been en¬ 
countered, both of which are detrimental to the produc¬ 
tion rate. First is the discoloration and the accumula¬ 
tion of residue when excess flux is used. This means a 
special cleaning operation (usually washing with hot 
water followed by electrolytic cleaning or pickling), fol¬ 
lowed by grinding and buffing to remove all traces of the 
glassy residue. The second effect is the generation of 
porosities by the gases emanating from the volatilized 
flux. Where gas-tight joints are specified these porosities 
are usually discovered by prevailing inspection methods 
and the rejected parts have to be either reworked or dis¬ 
carded. 

Some studies that were made of large scale silver solder 
operations in war production plants pointed to improper 
application of flux in paste form as the probable cause 
of these difficulties. Experiments were ^en conducted 
to develop procedures for using the automatic Gasflux 
process, which had been used successfully for several 
years for brazing and bronze welding operations. With 
a very little modiflcation to accommodate local plant 
conditions these procedures are now being widely applied 
in practice. 

In general, this process does away with the conven¬ 
tional method of dipping the filler rod into the flux or 
applying the flux to the work with a brush. The process 
consists of properly compoimded fluxing ingredients car¬ 
ried in solution in a ffighly volatile and inflammable 
liquid which evaporates rapidly when exposed to the air. 
Equipment consists of a container called a Gasfluxer, 
which is introduced into the fuel gas line supplying the 
torch. The head of this container has a cylindrical flux 
regulating and by-pass valve which permits operation 
with any desired amount of flux or with no flux if used as 
a complete by-pass. The interior contains a cotton wick 
•or filter whic^ is kept saturated with the liquid. After 


turning on the fuel gas and opening the torch valve to 
allow all the air to be expelled from the'system, it is 
ready to operate. The fuel gas passing through the ap¬ 
paratus picks up the flux in vapor form and delivers it to 
the torch in the gas. The flux is in the flame, instead of 
on the rod or on the work, and the proper amount to use 
can be secured by adjusting the flux regulating valve. 
The fuel gas may be acetylene, city gas or any other gas 
that is suitable for the conditions of the work; and no 
change needs to be made in either torches or tips. A 
reserve tank of 1-gal. capacity is attached to the Gas¬ 
fluxer for convenience in reflUing without stopping opera¬ 
tions, and a sight glass on the bottom part of the con¬ 
tainer body provides for observation of the liquid level. 

Presence of the vaporized flux in the fuel gas stream 
imparts a brilliant green color to the flame which tends to 
mask the inner cone. However, the flame structure can 
readily be seen with welding goggles, and therefore all 
adjustments of the torch are made while wearing welding 
goggles, which preferably are fitted with green lenses. 
Fin^ adjustment of the torch shotild be m^e to give a 
mild brush-like flame, because a mild flame does not blow 
the filler metal away and gives a very smooth finished 
joint. 

An important difference between using the process for 
silver solder and for brazing with the various copper base 
alloy rods is that with silver solders much less of the flux 
is used. There is no danger of missing any part of a 
joint because the flux is being supplied continuously 
through the flame. 

For joints of the butt and fillet types the simple pro¬ 
cedure outlined above is perfectly satisfactory. Lap and 
press fit joints (such as the tube within a tube type) ne¬ 
cessitate a special technique because these joints usually 
present very little clearance between the members and 
it is important to get effective capillary action for a firm 
bond. Since the flame cannot positively penetrate the 
small clearance it is not possible to get proper fluxing ac¬ 
tion by the use of the flame alone and an auxiliary paste 
silver solder flux must be used as well. In this case the 
paste flux should be applied in only sufficient quantities 
to cover the surfaces requiring the capillary action. In 
the tube-within-a-tube t)^e of joint the paste flux should 
be applied carefully and lightly to the female part of the 
joint. 

No changes in fixtures or assembly procedures are 
necessary. The new procedure is recommended for use 
on any silver solder job where it is necessary to clean 
after completing the joint or where pinholes or porosity 
are giving trouble. Principal advantages soiar reported 
are: faster production; elimination of discoloration and 
after cleaning; and elimination of pinholes and porosity. 
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Rods of Haynes Stellite Alloys 

for every type of hard-facing application 

Alloys made by the Haynes Stellite Com- departments that use these rods find they are 
pany for resistance to abrasion . . . impact . .. easy to apply because they flow on smoothly 
heat... erosion ... and corrosion are available and quickly. Parts to which they are applied 
in the form of hard-facing rods for all types of show a performance record of longer life to 
applications. Welding shops and maintenance repay many times the hard-facing cost. 


DRILLING Tools (or oil 

fieldf sod msny psrtt (or (snn, 
minJal, sod quarrying equip¬ 
ment cao be hard*(accd with 
HaySTBLUTH tungsten-carbide 
rods to combine maximum 
wear resistance with superior 
cutting qualities. Haystelutb 
bard-lacing rods are supplied in 
two forms; tube rod and com¬ 
posite rod. 


Dipper-Bucket Teeth, 

jack-hammer pistons, tractor 
treads, and many manganese- 
steel wearing parts subjected to 
severe impact have much long¬ 
er life when hard-faced with 
work-hardeningHASC3tOMB iron- 
base rod. Hasc31ome bard-facing 
rod is furnished for cither oxy- 
acetylene or electric welding. 


Sand-Crusher Rolls, 

pug-mill knives, pomp impel¬ 
lers, steel mill guides and other 
metal parts subjected to severe 
abrasion with only moderate 
impact should be protected 
with Haynbs Stelute 93 iron- 
base rod. It can reathly be ap¬ 
plied by either the oxy-acety- 
lene or the electric-arc process. 


Haynes Stellite Company 

Unit of Union Carbide and Carbon Corporation 

[n?ii 

General Office and Works, Kokomo, Ind. 

Chicago—Cleveland—Detroit—Houston—Los Angeles-—New York— 

San Francisco—Tulsa 


"Haynes Stellite,” "Hsscrome," and ''Hayscellite” are registered trade marks of Haynes Stellite Compaoy. 
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Scraper Blades, shear 

knives, sprocket teeth, steam 
valves, and hot punches are ex¬ 
amples of parts successfully 
hard-faced with Haynes Stel¬ 
lite cobalt-chromium-tungsten 
alloys. These alloys are avail¬ 
able in three grades of hardness 
and toughness, and are high in 
resistance to abrasion, corro¬ 
sion, beat, and erosion. 


for the 104-page booklet, “Hard-Facing with Haynes 
Stellite Products,” Form 22S4. There is no charge. 


For further information on bard-facing write for a 
“Hard-Facing Materials Price List,” Form 5642, and also 









Recent Applications of Oxyacetylene 
Processes in Steel Foundries* 

By G. E. Bellew^ 


I N presenting this paper I hope to be able to present 
more than a review of the more widely known and 
used applications of oxyacetylene processes in steel 
foundries. It is recognized that many steel foundries 
employ the oxyacetylene flame for many diverse and 
sundry purposes; however, it is equally true that many 
foundiymen would be somewhat amazed were they 
aware of the potential economies at their disposal 
through a greater utilization of flame processes. By no 
means should this be construed to be an inference of 
criticism of the industry; on the contrary, it is only 
through the adoption of these progressive applications 
by a number of foundries that makes this paper at all 
possible: 

As in all our industries, it required the impact of the 
present war to give us a true picture of our “bottle- 
lecks” of production. Again in common with other 
ndustries, foundries fotmd the road of double-quick 
ransition to full-capacity production indeed a rough 
)ne—as rapidly as one problem was overcome, one or 
□ore new ones appeared. 

In mass production of subassembly parts of war 
quipment, the delays encotmtered in readying the 
>undry facilities were troublesome but not serious 
ecause, as soon as the various departments were co- 
rdinat^ for all-out production, the castings began to 
our out in tremendous quantities. When this point 
as reached, however, it became evident that the ca- 
icity to deliver castings was no longer dependent upon 
le rate of “pouring” but, instead, upon the rate of 
inishing.” 

There were several causes for this condition. The 
Qg-accepted practices of finishing were of such nature 
at speedups were impossible. Some foxmdries prop- 
ly evaluated the problems involved, and responded 
cordingly by searching for a solution that would elimi- 
te or minimize these troublesome factors. It was 
ainst this backgroimd that, after looking over every 
iceivable possibility; these foundrymen turned to 
^acetylene processes—machine gas cutting of risers, 
me gouging, scarfing and descaling—to sp^ed up and 
prove the finishing operations. The positive ^ects 
diis measure reached into all phases of the problem—a 
greater production per man-hour was attained, finish- 
“bottleneck” reduced or eliminated and costs per 
ting lowered. The net result was the change of 
iplexion of the finishing department from one of 
erhead.” to one of “integrated production.” 

•S pointed out in a previous paragraph, the reper- 
jion of the war on industry was greatly responsible 
many of the new methods introduced in the foimdries. 

L war as complete as this one, no one has been able 
scape the fact that there is a vast difference between 
ar-economy and a peace-economy. However, some 

'csentcd at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct.!, 
tutulry Ss>eciallit, Air Reduction Sate* Company, New York. 
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factors continue in a fairly straight line through both, 
particularly in the more basic phases of industry, for 
example, overhead costs, material costs, labor costs and, 
importantly, several intangible costs, such as good will 
and reputation from prompt deliveries of products. 
The appearance of these and other factors in both ecoa- 
omies reveals the reason for the inevitable carry-over of 
new techniques and methods into normal production 
from war production. These new methods were origi¬ 
nally intr<^uced for the sole purpose of increasing 
production but as increased production is related to 
lower unit costs, it is difficult to see how foundries using 
older methods can possibly compete economically with 
the forward-looking foundries after the return to normal 
operations. 

It is to the interest of all foundrymen that their busi¬ 
ness compare favorably in state of health, progress and 
vitality with industry as a whole. It is the intent of 
this paper to present new or improved developments 
that can enable the foundries of the country to main¬ 
tain—or if they choose, to improve and strengthen— 
their position in the postwar array of industry. A pre¬ 
requisite of any state of industrial health is the smvival 
of small concerns in the over-all picture; however, the 
small operator has discovered that his continued exist¬ 
ence has become increasingly more difficult. To him, 
the new applications of oxyacetylene processes will prove 
of unique good fortune, since he can acquire the same 
means of efficient operations as the larger foundries at a 



Fig. 1—Use of Radiagraph in Machine Cutting d Risers and 
Pouring Gates. Castings Rest on Two AdjustaDle Angle Bars 
Parallel to Machine Tracks 
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Fig. 2 (a) Fig. 2 (h) 

Fig. 2 —Contrast in Appearance of Identical Castings After Risers Have Been Cut (a) by Hand and (b) by 
Machine. Note the &cess Metal and Gouges of Hand Cut and the Smooth, Clean Cut of Machine Torch 


cost so small as to be easily absorbed by the decrease in 
costs of production. 

In foundries, large and small, the oxyacetylene process 
will be found to strike directly at one of their gravest 
problems—the size of the cost-time factor in the finish¬ 
ing of the castings. This solution will provide a twofold 
answer; the ability to make more rapid deliveries of 
castings and the ability to withstand the intensified com¬ 
petition of the future. 

Machine Cutting 

The machine torch has been introduced to replace the 
hand torch in the cutting of risers. From the response 
of those who have tried the machine, it seems destined to 
attain an even greater acceptance than that accorded the 
hand torch. The new process makes possible a cut 
smoother, straighter and closer to the surface of the 
casting, thus reducing the amount of grinding required 
by a very significant degree. 

Other Advantages 

Machine flame cutting is somewhat faster than hand 
torch cutting since the machine always runs at its maxi¬ 
mum speed for a given operation w^e the human ele¬ 
ment renders this impossible in hand cutting. 

The machine torch docs not lead to fatigue of oper¬ 
ator and its inevitable loss of speed and efficiency. 

Women can handle the work as easily as men. 

Much less training is required to operate the machine 
torch. Operating expenses are lowered considerably; 
grinding wheels are costly, consequently, reduction in 
grinding means appreciable reduction in costs. 

The “ fillin g in” of the inadvertent surface gouges 
made by the hand torch operator is eliminated as the 
machine torch avoids these under proper setup. 

The problems of riser removal by the hand torch 
have not been confined to the factor of severance, but 
also to those of the elimination of the irregularities of hand 
cutting—the grinding off of the material remaining above 
the face of the casting, and the building up of areas below 


the face of casting; if this welding is to be avoided, the 
line of cut is necessarily kept at such a distance from the 
casting that the required amount of grinding is increased 
proportionally. Tl^ fact has made it evident to every 
foimdryman that the time spent on the final grinding 
was 5 to 20 times greater than that spent on the actual 
cutting operation. 

Some idea of the saving in costs effected by the new 
method may be gained from a report of a recent time 
study conducted on gear blanks with the expressed 
purpose of comparing the merits of hand cutting with 
that of machine torch cutting. To put the newer method 
to a severe test it was decided to let a highly skilled 
hand torch operator compete with a machine operated 
by an inexperienced hand. The hand torch operator, 
out to “b^t the machine,” made a fast close cut— 
slightly outdistancing the machine. The cut made by 
the machine, however, was smooth, straight and close 
to the surface of the casting. However, after the grind¬ 
ing was completed and the gouges made in the surface 
of the casting by the hand torch operator had been filled 
with weld metal, the time study proved that the machine 
cutting method was 29% more efficient than the hand 
cutting method. 

In addition, the burden on the grinding department 
was lightened considerably by the machine cut: 5.35 min. 
of grinding on the machine cut as compared to 11.43 min. 
on the hand cut. An important consideration in this in¬ 
stance is the fact that the grinding after the machine cut 
could have been almost entirely eliminated if the fore¬ 
man had not wished to leave a comfortable margin of 
safety between the cut and the surface of the casting. 

One salient fact emerging from any comparative study 
of hand torch and machine flame cutting is the unique 
nature of the advantage of the latter over the former. 
Ordinarily, cost savings, improvements in quality of 
product and increases in production are separate, dis¬ 
tinct factors by which are measured the relative ad¬ 
vantages of alternate processes. Normally the various 
factors are of inverse or reciprocal relation, that is, the 
emphasis of one or more of the factors can be done only 
at the sacrifice of the others; however, in this case all the 
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In the straight-line setups, a Radiagraph travels along 
a straight track to make the cut. Figure 1 illustrates 
this principle. In this instance, the castings are held 
in position by simply resting the shoulders of the cast¬ 
ing on two adjustable longitudinal angle bars with the 
protruding center of casting hanging down between these 
supporting angle bars, this places risers in a position to 
be cut off cleanly at a line near the face of casting. The 
machine moves progressively along the track from one 
casting to the next, and for quantity production a helper 

Fig. 4—Riser Being Cut from e Large Inverted Casting by the 
Use of a Radiagraph Guided by a Radius Rod Attached to a 
Center Point 


Fig. 6—Illustration of Turntable Setup, with Gear Blank Fig. 7—Same Operation as Fig. 6, Except Cutting Done in a 

Rating Fast Fixed Torch. This View Shows the Removal Vertical Plane in the Removal of Pads 

of Risers by Cutting in Horisontal Plane 


18 GAS CUTTING AND WELDING IN STEEL FOUNDRIES 


fig. 3—Using a Radiagraph to Cut Heavy Riser from Casting, 
the Woman Operator Awusts Torch Position with One Hand 
as Cnt Progresses 


elements vary directly in their relation with one an¬ 
other. In other words, the real saving in both time and 
cost proceeds directly from the improvement in quality of 
cut. The advantages of machine flame cutting appear 
to increase in direct ratio to the size of the risers re¬ 
moved. 

The enthusiasm with which machine flame cutting of 
risers has been received in the foundries is adequately 
attested by the large number of foundrymen who have, 
when necessary, taken the time to make considerable 
changes in their riser designs in order to accommodate 
the cutting machine to the highest possible degree. 

Machine flame riser cutting setups generally fall into 
two classifications: straight-line and circular. 


Fig. 5—The Large Catting (Fig. 4) Hoisted Off Riser Alter Sepa¬ 
ration to Show the Smooth, Clean, Square Cut. The Cutting 
Operation Required Only 65 Min. 












and 7) Aiter Cutting Operation 
be High-Quality Cuta in ^tb 
Grinding Required 


can be employed to remove finished work and set up a 
line of fresh castings while cutting is in progress. 

A distinct advantage may be noted in the use of the 
machine for cutting the risers from this and the many 
similar types of castings—the cutting of other risers 
without a change in the position of the machine or cast¬ 
ing. The torch tip is adjusted horizontally by means 
of a handwheel on the machine to the proper starting 
point for the cutting of the second riser. 

Figure 2 illustrates the contrast in quality of the cut 
of hand cutting and machine cutting. On the left, the 
risers have been cut off by an experienced operator 
using a hand torch; on the right, the risers have been 
removed by a flame cutting machine. The importance 
of difference is obvious; the hand cutting has left con¬ 
siderable metal above the surface of the casting, re¬ 
quiring a large amount of mechanical grinding, and also 
the metal has been gouged out below the face of the 


Fig. 9—niustxabao of Circulu Sotup with Torch, AtUchod to 
Radius Rod, Rotatmo Around Fbeod Casting. Thaaa Gaai 
Blanks Roquirod No Further Finishing Befara Shipmoat 


casting requiring it to be built up by welding. 

The advantage of machine cutting risers increases 
sharply when the risers run the full length of the cast¬ 
ing. Figure 3 illustrates this case. The machine travels 
at approximately 6 in. per minute, cutting with an oxy¬ 
gen pressure of 65 lb. The curvature of the casting is 
compensated for, as the cutting progresses, by adjust¬ 
ment of the handwheel on the torch mount. Inciden¬ 
tally, this woman operator was brought in totally unskilled 


but it required only one day to become thoroughl) 
familiar with this operation, proving the relative sun 
plicity of machine cutting over hand cutting. 

These castings are turned out in fairly large quantities 
therefore, the grinding operation would have beei 
tremendous if the risers were cut by hand; however, th' 
machine cuts are smooth enough to be acceptable with 
out further treatment, thus the grinding operation ha 
been eliminated entirely. 



Fia. 10—Ezamole of Profile Catting of Risers from a Locomotive 
Side Frame. Note the Even, Narrow Kerf, Making Feasible High- 
Quality, Precise Cutting 


Fig. 11—View of Cutting Machine Setup. Note That 
During Cutting Operation, Operator Can Give Full 
Attention to the Template and Tracing Device 
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Fig. 12—Standard Sceurfing Torch 



Fig. 13—A Tj^ical Sc«rfiug Opara^n. In This Fig. 14—A Two-Man Scarfing Operation Req\uring but 20 Min. to Remove 
Cesej 60 Lb. m Metal Were Washed Cm, Reducing 40 Lb. of Metal from an Area of 1180 Sq. In. Saving 2 Hr. in Finishing Time 

Grinding Time 35% 


Circular setups may be subdivided into two groups: 
those in which the torch travels around the work and 
those in which the work rotates aroimd or past the 
torch. 

Fig^e 4 illustrates a type falling into the former 
group; this shows a circular riser being cut from a large 
inverted casting by the use of a portable Radiagraph 
guided by a radius rod attached to a center point. The 
machine cuts through the 5-in. wall thickness at a speed 
of 5 in. per minute—the entire operation taking only 
about 1 hr. and 5 min. In Fig. 5 the very high qu^ty of 
cut can be seen as the casting is lifted off the riser. 
The cut was sufficiently smooth, square and close that 
no grinding was required for finishing. 

Of the circular setups, the group in which the work 
rotates past the torch can be represented by Fig. 6. 
This photograph shows a gear blank casting wi^ six 
risers, the risers being so located to require cutting in 
both horizontal and vertical directions. The horizontal 
cut is shown here, with the casting rotating on the turn¬ 
table, placing each riser successively at cutting position. 

Figure 7 shows the riser pads being removed by ver¬ 
tical cutting. This dual-directional cutting does not 
require a change of setup either of casting or of cutting 
machine other than replacing straight tip with bent tip. 
The raising or lowering of the torch is taken care of by 
simply turning handwheel on torch mount. 

Figure 8 shows the casting after complete riser re¬ 
moval. In this case the requirements called for flush 
grinding on all surfaces; however, clearly very little 
grinding is required. The grinding time for all 12 faces 
of an identical casting cut by hand torch was 5.4 min., 
with additional time spent making several weld repairs 
where the torch had removed metal below the surface 
of the casting. 

Figure 9 ilffistrates another setup for the flame cutting 


of risers from gear blank casting. This example differs 
from the above mentioned in several respects. Here 
the cutting torch revolves around the fixed casting; the 
floating torch and mount is supported by a radius-rod 
center^ on the vertical axis of the casting. The pads 
at the foot of each riser—discernible in the picture—have 
been added in order to obtain a cleaner, smoother cut. 

The somewhat rough appearance of the casting is 
caused by the slag produced by the flame cutting. The 
condition of the casting was sufficiently good after the 
removal of the slag that, except for a little polishing by a 
portable grinder, no fu^er finishing was necessary be¬ 
fore shipment. The time required to remove all the 
risers by machine cutting was from 12 to 15 min. in¬ 
cluding the time required for handling casting. , This 
company found that the required grinding was reduced 
by 90% through the replacement of the hand torch by 
the machine torch for the cutting of risers. 

The cutting time of the 4Vi x 8-in. gear blanks for the 
machine was 7 min. per casting compared to 22 to 25 min. 



Fig. 15—A After Scarfing. The Operation Required 

but 48 Min. to Remove 80 Lb. of Metal and Reduced Grinding 
56% 
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required by hand torch. Both speeds were based on an 
acetylene pressure of 5 lb. and an oxygen pressure of 
45 lb.; however, on the speed-test run, the experienced 
hand cutter used a regulator-oxygen pressure of 90 lb., 
claiming he further reduced the pressure at the torch by 
the torch trigger. Obviously, this either gave unduly 
unfavorable speed of cutting or a very uneconomical con¬ 
sumption ot oxygen, or both. 

The advantages of machine cutting are not confined to 
increased efficiency of the cutting-off of risers from cast¬ 
ings; thus far, this discussion has emphasized the speed 
and close-tolerance characteristics. Now, a process 

Fig. IS—The Scarfing of a Smaller Calling—Operator Is Re* 
moving Pads and Sprues from a Cast Ship-Cleat 
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Fig. 18—The LoooaaotlTe Wheel (Fig. 17) After Soarting; the 
Castiag Now Requires Just Enoirah Grinding to Erase the 
Shallow Scarf Lines 


the casting but, instead, extends to nearly the full depth 
of the side frame. This is not a novel way of pouring 
castings, as the side frames as well as many similar types, 
have previously been so cast; however, in the use of the 
hand torch to cut away the riser, the finishing job has 
always been a long, difficult and uneconomical ta^. 

Many of these disadvantages have been eliminated 
through the utilization of the flame profile cutting proc¬ 
ess. In Fig. 10, the clean, square, smooth cut can be 
observed. The cut, being of narrow and constant width, 
can be accurately maintained near the line of final pro¬ 
file of the casting. The success of the operation is due 
to the exactness by which the torch (and thus the cut) 
can be guided by the Oxygraph or Travograph cutting 
machine. 

Figure 11 shows the mechanical equipment and setup 
of the Travograph. The operator at the right is watch¬ 
ing the tracing device follow the outline of the template 
that, in turn, controls the movements of the torch; ob- 


Fig. 17—Superficial Metal Being*Removed from a Locomotive 
Wheel by Scarfing 


involving a more extensive application of the principles 
of flame cutting is presented—that of profile cutting. 
This process has come to the attention of foundrymen so 
recently that its utilization has been limited to several 
notable cases. 

Profile cutting, in its application to the’finishing of 
castings, is actually equivalent to the "cutting-out,” 
rather than the normal “cutting-off,” of risers and has 
proved to be of particular value in large castings of 
intricate design. Figure 10 illustrates this operation; 


here a riser is being cut from the 6 in. locomotive side 
frame casting. It may be noted that the riser is not 
merely a block of metal attached to the upper part of 


Fto. 19—Thu Gouging Out of a Defect in an Open Hearth Back 
Wcdl Buck Stay. This OMration Required Only 2 Min. Cmn- 
pared with 15 Min. if Removed by Chipping 
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Rg. 20—A High'PreMuxe Gate Valve with Defects Indicated by 
Chalk Marks 

viously the cutting phase of the operation is dependable 
and automatic as it does not require the attention of the 
operator. 

The template, lying on the table directly in front of the 
operator, is cut from V4-in. sheet metal to the final shape 
of the casting. Through the pantographic construction 
of the machine, every movement of the tracing device 
is transmitted instantly to the torch, which accurately 
follows the movement of the device. In this way, the 
final pattern of the casting is trimmed from the rough 
casting by simply allowing the torch to be guided by the 
template and tracing device. 

There are several distinct and notable advantages in 
this machine operation. A superior, sotmder casting 
can be assured by the use of the type of riser shown in 
Fig. 10 as it greatly facilitates the flow of molten metal 
to developing cavities of the casting during the period 
of cooling, particularly in the lower regions of the cast¬ 
ing. The accuracy obtainable by the Oxygraph and 
Travograph, reduces the amount of grinding required 
on the casting to an enormous degree; in fact, in many 
instances, subsequent grinding is not required. As 
these advantages are contrasted to the old method of 
fini^iing these castings, with its long, expensive and 
difficult finishing operations, the efficiency and ex¬ 
pedience of the new, profile-cutting method are readily 
apparent. 

In the case of the locomotive side frames, the riser 
cutting involved 600 linear inches at a speed of 6 in. per 
minute. The total time of cutting was 1.7 hr. per frame, 
with the operation reducing the weight of the side frame 
from 7000 to 5500 lb. By the old method using a hand 
torch, the riser cutting required 10 man-hours; however, 
utilizing the profile-cutting process, the same work was 
done in less than 2 man-hours. A factor of even greater 
saving obtained by the application of the latter method 
was the extremely large reduction in grinding; unfor¬ 
tunately, however, no figures are available on tffis oper¬ 
ation. 


Scarfing 

Another oxyacetylene process which has recently 
been applied with great success in steel foundries is that 


Fig. 21—Operator Removing Defects by Gouging;],tbe.Entire 
Operation Reqoired Only 33 Sm. ' 

of flmne scarfing. Scarfing is a variation of flame cut- 
ting]in which only the surface metal is removed. Here 
again, the chief advantages are that a great deal of 
grinding is eliminated, and that considerable time is 



Fig. 22—^Removal of Defect in Railroad Coupler by Gouging 
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Fig. 23—Characteristic Gouge Lines on Third and Fourth Coupler from Left. Coupler on Right Has Been 

Repaired by Welding After Gougring Out Defect 


saved. The best application of flame scarfing is the 
removing of riser pads and riser stubs after the riser it¬ 
self has been removed. The application of scarfifTg for 
these operations has been found to be half again as fast 
as the carbon arc in washing away the excess metal, and 
approximately fifty times as fast as grinding. The scarf¬ 
ing torch, shown in Fig. 12, in the hands of a skilled 
operator, leaves a smooth, bright surface, making finish 
grinding almost imnecessary. 

A factor of prime importance in the utilization of 
scarfing is the general adaptability of the operation in 
respect to location of the casting. It is unnecessary to 
move the casting from one department to another or to 
shift it to a worktable, since the hand scarfing torch can 
be brought to bear on the casting in any location. 

In one instance the scarfing torch was used to wash 
away the stub which was left after cutting off a large 
sinkhead from a 25,000-Ib, ship anchor. The entire 
job of cutting and scarfing was done in 30 min. Pre¬ 
viously the same job had taken 45 to 50 min., using the 
carbon arc to wash away the excess metal after the 
manual torch cutting of the sinkhead. The difficulties 
presented by the contour of the casting encountered in 
this case were similar to those described below. 

Another example, even more interesting, is the case 
where a large casting had a sinkhead 4 in. high and about 
15 in. square. Because of the shape and size of the 
casting it was impractical to use a cutting torch in the 
usual manner, consequently the foundry had been re¬ 
moving the sinkheads by slicing off sections of it with a 
hand torch, and then melting away the remaining metal 
with a carbon arc—a long and tedious process. Now 
the job is done in 10 min. by scarfing off ^e entire mass 
of the sinkhead, roughly 1000 cu. in. of steel. 

From these examples it will be seen that the applica¬ 
tion of the flame scarfing process on steel castings offers 
a means of cutting hours off of finishing schedules, and 
of cutting costs proportionately. 

A typical example of scarfing is illustrated in Fig. 13; 
the operator is shown using a 36-in. scarfing torch, with 
75® head and starting rod attachment, to wash away 
riser stubs. Under the old method of finishing such 
castings, the riser was cut off by hand torch, then the 
riser stub was trimmed as nearly flush to face of casting 
as possible and, finally, completed by grinding. Under 
the new scarfing method, the riser is cut off by hand 



Rg. 24—R«palr Welding after Glonging Operation. The 
Completed Weld Can ^ Seen at Extreme Right in Fig. 23 
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torch, and the excess surface metal is then washed away 
by the scarfing flame, entirely eliminating the trimming 
procedure. 

In the case shown, by the application of the scarfing 
process, using an oxygen pressure of 75 lb. and an 
acetylene pressure of 5 lb., 60 lb. of metal were washed 
off, that under the old.method, required removal by 
grinding. After scarfing, only 10 lb. of metal remain to 
be removed by grinding, making possible a saving of 30 
min., or 35% in grinding time. 

Figure 14 shows another application of scarfing. 
Here, again, 36-in., 75® head scarfing torches are us^ 
to wash away riser stubs. Prior to the adoption of the 
scarfing process, these castings were trimmed by a 
cutting toch. By the lattCT method, the operation re¬ 
quired 20 min. for the trimming of 40 lb. of metal from 
an area of 1180 sq. in., followed by 3 hr. of grinding. 
Since employing the scarfing process, the grinding time 
has been reduced to 2 hr., representing a saving in grind¬ 
ing time of 35%. 

Figure 15 represents a typical casting after removing 
considerable excess metal by scarfing still remaining on the 
casting. The operation was accomplished by the use of 
a 36-in., 75® head scarfing torch, with an oxygen pres¬ 
sure of 80 lb. and acetylene pressme of 4 lb. The scarf¬ 
ing process was used to remove 80 lb. of metal that pre¬ 
viously were removed by grinding, thus reducing the 
grinding time 56%, with the scarfing operation requir¬ 
ing but 48 min. 

Figures 16 and 17 illustrate the wide range of applica¬ 
tion of the scarfing process. The former shows the 
operator scarfing the pads and sprues from the cast 
sUp-cleat. After the operation was completed, the 
scaled smiace was alm ost flush with the final suHace, 
leaving very little for grinding. In the latter photo¬ 
graph, the superficial metal is being removed from a loco¬ 
motive wheel. In Fig. 18, the casting is shown after the 
operation; obviously, little grinding is necessary—^just 
enough to erase the very shallow lines left by the scar^g 
torch. 


Gouging 

Another oxyacetylene process, which can be used to 
speed finishing operations, is that of flame gouging. 
This is also a variation of flame cutting, and, like scarf¬ 
ing, is used to remove excess surface metal. In contrast 
to scarfing, where a torch of special design is used, 
gouging may be accomplished by the use of the standard 
hand cutting torch, fitted with a gouging tip. 

The piuposes for which gouging was designed are the 
removal of webs and fins from castings, and in gouging- 
out defects. In general, gouging is a substitute for 
chipping and is at least seven times as fast. This means, 
of course, tremendous savings in time and man power, 
since one torch operator can do the work of as many as 
ten chippers. For a concrete example, in one foundry 
all the webs on a huge casting were removed by flame 
gouging in 45 min., whereas the identical job, previously 
done by pneumatic chipping, required 2 Vj days. This 
is an extreme comparison, and not all jobs have this 
great differential; however, every job has proved that 
flame removal of metal greatly exceeds the rate possible 
by mechanical removal. 

In burning out defects in castings, the gouging process 
has one important advantage in addition to its speed. 
This is the impossibility of covering up a defect, or a 
portion of a defect, during the removal operation. With 
mechanical chipping, at times part of a defect remains 
in the casting after the cavity has been filled by wel<Hng. 

The number of foundries using gouging is not yet 
large, but several studies have been made. In one, 
actual tests on light and medium castings of low-carbon 
steel proved that gouging was seven times as fast as 
chipping, the average gouge was about •/§ in. deep, */a in. 
wide and 3 in. long, with a time of operation of 3 min. 
The fotmdries have also foimd gouging to be a par¬ 
ticularly efficient method of trimming off the fins of 
extrud^ metal which sometimes creep into the space 
between the two halves of the mold. 

Fig^ure 19 shows an operator gouging out the defect 



ng. 25—Operator Gouging Ont Defect from a Truck Side Frame Fig. 26—Typical Flame D eec aling Operation on Higb-PieMure 

of a Railroad Freight Car Gate V^ve 
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in an open-hearth back wall buck stay. The completed 
gouge, 12 in. long, IV 4 in. wide and IV* in- deep, was 
made at a speed of 6 ft. per minute using an oxygen 
pressure of 60 lb. and an acetylene pressure of 8 Ib. 
The entire time consumed in the gouging operation was 
approximately 2 min. compared with 15 min. required 
to remove such a defect by mechanical chipping. 

Figure 20 shows a 30-in. high-pressure gate valve with 
defects indicated by chalk marks. Figure 21 shows the 
operator using a bent gou^g tip to remove the de¬ 
fective metal from the casting. In this case, it was of 
particular advantage to utilize the flame-gouging proc¬ 
ess in repair of the casting since the vsdve, after in¬ 
stallation, was to be subjected to extremely lugh pres¬ 
sure, consequently, if a defect were to remain in the 
valve—as pan happen under mechanical chipping—a 
constant danger of rupture would result. 

The defects indicated in Fig. 20 required two goug^, 
one IV 4 X */i X Vr-in. depth and one 10 x V 4 x Vrin. 
depth. The time required for the entire gouging oper¬ 
ation was 33 sec. using 45 lb. oxygen pressure and 6 lb. 
acetylene pressure. 

Figure 22 shows the gouging out of a defect in a rail¬ 
road coupler. In Fig. 23, characteristic gouge lines 
can be seen in the third and fourth couplers (left to right). 
Figure 34 shows the repair welding of the coupler shown 
in Fig. 22. In reference again to Fig. 23, the repaired 
coupler is shown at the right. After the complete 
operation, the casting is perfectly sound and capable of 
withstanding the terrific impact and stress given the 
coupler in service. 

Figure 25 shows the gouging-out of a defect in a truck 
side frame of a railroad freight car. After the gouging 
and repair-welding operations, the casting can be heat 
treated and placed in normal service without fear of 
subsequent f^ure at the point of repair, and thus, the 
total loss of casting has been avoided. 

Flame Descaling 

A fourth oxyacetylene process that has been intro¬ 
duced to foundry operations is that of flame descaling. 
In this process, annealing furnace scale is flaked off 
castings by “brushing” the surface of the steel with the 
high-temperature flames. The resulting rapid expansion 
of the scde causes it to separate itself from the relatively 
cold base metal through the principle of differential 
expansion. The scale splits and spalls off, leaving a 
clean, exposed surface. This process is, again, much 
faster than chipping with a blunt-nosed chisel, and pro¬ 
vides a cleaner surface, since all nonadherent scale is 
removed in one, or at most two applications; whereas, 
with chipping it is virtually impossible to secure com¬ 
plete removal of all scale t^ess the chipper spends an 
unreasonable length of time on each casting. As is goug¬ 
ing, flame deserting has the great, though intangible, 
advantage of eliminating the deafening datter of the 
mechanical chippers, thus reducing fatigue and strain 
of the employees. A feature of decided importance to 
the health of the employees is that flame descaling does 
not fill the air with dust-like particles of metal scale 
which are injurious to eyes and lungs. 

Flame descaling does not mar or, in any manner, act 
upon the surface of the base metal, however, some heat 
passes into the surface regions of the casting, and thus, 
where painting is to follow, the surface is dehydrated, 
making possible an intimate bond between paint and base. 

It should be observed, however, that the process has 
definite limitations in one respect; the scale will not spall 
off the casting if sand is intermingled with the scale. 
Under these conditions, the hot flames tend to melt 


Fig. 27—Th« Flame Detoaling of a 12.S-Toa Andior 



Fig. 28—Illustrating Thoroughness of the Descaling Proces 
the Anchor Shovai in Fig. 27. The Operation, Involving ; 
Sq. In., Required Only IS Min. 


the entrapped sand, and, thus, increase the adhes: 
the scale. 

A typical flame descaling operation is shown it 
26. W^e this process is considerably easier, cb 
and quicker than chipping in the descaling of small 
ings, these advantages are greatly mangified in ii 
plication to large castings. In the case of this 
high-pressure gate valve, the relative ease of the 
process can be readily contrasted to the diffic 
fatigue and time involved were the descaling to ' 
complished through chipping. This is especi^y t 
regard to the inner and irregular surfaces. 

Figure 27 shows the flame descaling of a 25,C 
anchor; this illustrates the great advantage of the 
process in the finishing of large, massive castings, 
it would be impractical to move the anchor for 
tioning” to facilitate chipping, consequently it 
prove to be extremely uneconomical and ctunbea 
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Tq. 29—Heating th« End oi the Anchor Connecting Pin 
rr a O^aoetylene Flame Before Peening, This 
Pracaaa Avokla Heating the Center Portion of Pin 


Fig. 30—Anchor After Peening Operation. Note the Cmnplete Absence 
oi Buckling oi Pin Since Center Remains R^tively Cool 


The descaling of the 2100 sq. in. area was accomplished 
a 13 min., permitting the fin ishin g of 60 castings jDer 
djT. In tins instance, production was being retarded 
br the limited capacity of the shot-blasting department; 
3[^e>'er. through the installation of flame descaling 
npifneiit, the shot-blast operation was reduced 50%, 
tJM dooUtog production. Previously the shot blasting 
mponed 30 min., however, through flame descaling, this 
nsndnced to 15 min., with the complete elimination of 
m farashing. Figure 2$ shows quite distinctly the 
^ooghuess of the finishing process. 

flame Heating 

Fbme heating was another oxyacetylene process 
ufaed hy the same foundry for efficiency and ex- 
xdait> in the production of the heavy anchor. A 5-in. 


diameter, 20-in. length connecting pin was rigidly affixed 
to the top of each anchor by peening in. at each end 
of the pin. Prior to the adoption of oxyacetylene heat¬ 
ing, the pin had been furnace heated; this had proved 
both costly and troublesome, as 30 min. were required 
to bring the pin to a red heat and, upon peening, the pin 
would buckle at the center. These difficulties were com¬ 
pletely eliminated by heating the pin at each end with 
an oxyacetylene flame as ^own in Fig. 29. The time 
required for heating was reduced from 30 min. to 6 min. 
and, as can be seen in Fig. 30, the relatively luiheated 
portion of the pin between the ends easily withstood the 
buckling action produced by the end thrust. The net 
result of the newly established process was the increase 
in the capacity of the department to a point equal to 
that of the over-all production of the foundry—approxi¬ 
mately 60 anchors per day. 
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Field Welded Pressure and Variable 
Volume Storage Tanks* 

By Fred L. Hummer^ 


T he safe and economical storage of large volumes 
of volatile liquids and gases has become one of 
the most important problems of many of today’s 
great industries. In the Petroleum Industry the use 
of the more volatile products such as natural gasolines, 
aviation gasolines, toluene, butane, butene, propane 
and propdene has been widely expanded during the 
current war emergency. The development of the many 
new synthetic rubbers has necessitated the production 
and storage of great quantities of butadiene, isobutylene, 
styrene, acrylonitrile and other important ingredients. 
The Chemi^ and Mtmition Industries must store a 
wide variety of new products in addition to such basic 
materials as hydrogen and ammonia. Natural gases 
must be stored in large volumes at specific locations in 
order to meet sudden peak demands of industrial and 
private consumers. Many municipalities have found 
it advantageous to store and use the waste gases re¬ 
covered in the disposal of domestic and industrial 
sewage. 

In determining the proper type of container in which 
to store a given product, it will usually be necessary 
to consider four major factors. The relative importance 
of these four factors will depend upon the physical and 
chemical characteristics of the product to be stored and 
the purpose of such storage. In specific cases other 
factors may also influence the selection of the type of 
container. One must first consider the possibilities of 
loss of product through fire together with the resulting 
danger to life and to other properties. The importance 
of tUs factor is obvious if, as is often the case, the stored 
product or a mixture of its vapor with air is explosive or 
inflammable. Hie Bureau of Mines has completed ex¬ 
tensive investigations to determine “explosive ranges” 
of various gas mixtures and to develop means of elimi- 
nating or mitigating the explosion hazards of combustible 
gases. Thus it has been established that mixtures of 
air and gasoline vapor in which the percentage of gaso¬ 
line vapor may vary from V* ti) about 6% are explosive 
whereas richer mixtures are not explosive. Jones and 
Kennedy^ of the Bureau of Mines have reported on the 
possibilities of preventing butadiene-air explosions by 
the addition of nitrogen and carbon dioxide. This is 
typical of the studies reported by this Bureau. The 
vapors of some products, as for instance acrylonitrile 
may be highly toxic. In some metropolitan areas it 
is required that storage facilities for certain volatile 
products be constructed undergroimd. 

The second major factor which must be considered 
concerns the maintaining of the “quality” of the stored 
product. The loss of a relatively small quantity of the 
lightest fraction of a blended gasoline with high octane 
rating may materially reduce that rating and the re¬ 
sulting market value of the entire remaining volume of 
the gasoline. The presence of air or water in con- 


* Presented at the 35th Annual Meeting A. W. S, Cleveland, Oct. 16 to 19, 
1944. 

t Chief Research Engineer, Hammond Iron Works. 


tainers used to store butadiene or isobutylene will result 
in the formation of peroxides which may act as catalyzers 
and accelerate tmdesirable dimerization or polymeriza¬ 
tion while the material is in storage. The temperature 
at which these products are stored is of even greater im¬ 
portance since the rate of polymerization of butadiene, 
for example, increases very rapidly with increase in tem¬ 
perature above 32° F. Light has an appreciable effect 
on styrene and acrylonitrile. The presence of rust might 
have an tmdesirable effect on certain stored products. 
These effects must be considered in selecting the proper 
type of container and in determining the necessary oper¬ 
ating conditions. 

Actual losses of stored products are caused by leaks 
or by some form of evaporation. By the use of welded 
construction it is relatively easy to provide liquid and 
gastight containers, thereby eliminating the loss of 
products by leaks. However, it is much more difficult to 
eliminate ^ evaporation losses because of the necessary 
changes in volume of air-vapor mixtures, as containers 
are ^ed with volatile liquid products or emptied, and 
also as the temperature of the air-vapor mixture and the 
stored product may vary. Evaporation losses are 
usually divided into three types: breathing losses, filling 
losses and boiling losses. In any large field erected tank 
of fixed volume, there will normally exist a space above 
the stored liquid which will be filled with a mixttue of 
air and vapor from the liquid. During the day the 
temperature at the liquid suriace will usually be raised, 
thereby increasing vaporization and the degree of satura¬ 
tion of the air-vapor mixtine. Moreover, the ac¬ 
companying increase in temperature of this air-vapor 
mixture wUl result in its expansion and the loss of a 
certain volume through the safety relief vent. During 
the night, temperatures drop, some condensation takes 
place, the air-vapor mixtine contracts and fresh air is 
suck^ into the tank. This daily cycle modified some¬ 
what by weekly and monthly temperatme variations, 
as well as by rapid variations such as those caused by a 
sudden rainstorm on a hot sunny day, may result in 
serious losses of the stored product and, also, cause im¬ 
portant variations in the quality of the remaining prod¬ 
uct. The amoimt of breathing losses for a given product 
will depend upon the size and shape of the storage tank, 
the volatility of the product, the volume of the vapor 
space, the temperatme variations in the vapor space and 
at the surface of the liquid, and the pressure and vacuum 
settings of the relief vents. Temperature variations 
inside the tank will, of course, depend not only on the 
variations in atmospheric temperattu’e at the tank site 
but, also, on the size and shape of the tank, its color and 
insulation, if any. 

When liquid is removed from a fixed volume tank, 
air must be allowed to enter the tank, and there will re¬ 
main a tank full of air-vapor mixtiue. If the tank is 
then filled with liquid, this tank full of air-vapor mixtm^ 
must be vented and lost. This is a filling loss which be¬ 
comes very serious when volatile products which must 
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be handled at short intervals are stored in fixed volume 
tanks. The volume of product lost during one filling 
and emptying cycle will depend to a considerable extent 
upon the rates at which these operations take place. 
If the tank could be emptied very rapidly, there might 
not be sufficient time for the formation of a saturated 
air-vapor mixture by vaporization from the liquid sur¬ 
face. However, the usual rates allow ample time for 
sudi vaporization. If the filling rate is very high, the 
incoming liquid may cause considerable turbulence and 
result in greater losses than would result from the dis¬ 
placement of a tank full of saturated vapor. 

If a volatile liquid is stored in containers such that 
the liquid will boil at atmospheric temperatures and 
at the maximum safe pressure which the container will 
withstand, then prohibitive losses will, of cotuse, occur. 
Pressme vessels capable of withstanding the required 
pressmes must be used in order to economically store 
such products. 

Because of the large number of variable factors, their 
wide range and the accidental character of their oc¬ 
currence, it is not possible to accurately predict evapora¬ 
tion losses of these types. However, as the results of 
many tests and analytical studies, it is possible to es¬ 
timate the amount of such losses which may be expected 
under average conditions. Happel and Heath,* Ashley,* 
Larson* and others have devdoped formulas, charts 
and tables suitable for such studies. The average rate 
of evaporation loss of a petroleum product from the 
commc^y used types of cone-roof tanks equipped with 
conservation vents may equal about one gallon per year 
per square foot of liquid surface per potmd vapor pres¬ 
sure (absolute) of the product at the mean storage tem¬ 
perature. The. corresponding filling loss in a similar 
tank for a relativdy low vapor pressure petroleum prod¬ 
uct might equal about V 4 of 1% of ^e throughput. 
Thus, if a in-oduct, having a vapor pressure of 8 psi. 
at the average storage temperature, were stored in a 
55,C)00-bbl. cone-roof tank with conservation vents and 
having a diameter of 102 ft., a yearly breathing loss of 
approximatdy 65,000 gal. of the product might be ex¬ 
pected. If this same tank were filled and emptied once 
each month, the corresponding yearly filling loss would 
probably exceed 70,000 gal. of &e product. Assuming 
the product to have a vdue of only six cents per gallon, 
the total loss would exceed $10,0(ra per year. It is ob¬ 
vious that it would be economical to increase consider¬ 
ably the initial cost of this storage vessel if, by so doing, 
these high annual losses could be materially decreased. 

Cost is the final factor which must be considered. In 
selecting the most economical type of container for a given 
service, one must consider not only the initial costs of 
the various types of vessels suitable for that service but 
must also consider and evaluate all of the other factors 
which have been discussed. In addition one must con¬ 
sider operating and maintenance costs, possible savings 
through the use of insulation or other methods of de¬ 
creasing temperature variations inside the container, 
the economic advantages of special methods of preventing 
corrosion of the container material, and the relative 
costs and effectiveness of the appliances such as relief 
valves, gages, etc., necessary for the successful operation 
of the various types of containers. 

Fixed V<dume-Atmospheric Pressure Tanks 

For many years alm ost all petroleum products were 
stored in cone-roof tanks. These tanks, which usually 
consisted of riveted or bolted steel plates, had flat bot¬ 
toms laid directly on the surface of ^e groimd, cylindri¬ 
cal shells and cone-shaped roofs with open vents. Some¬ 


times the roofs were constructed of wood with the pri¬ 
mary purpose of keeping rain and snow out of the tank 
but permitting a free circulation of air. The initial cost 
of such tanks was low; however, both breathing and 
filling losses, increased by the air currents in the vapor 
space, were excessive. Fire hazard was severe. Such 
tanks are not now considered suitable for the storage of 
volatile liquids. Modern cone-roof tanks usually con¬ 
sist of welded steel plates. The rectangular and sketch 
plates of the flat bottom are usually connected by lap 
joints. The vertical and girth joints in the cylindric^ 
shell may be ‘*lap” for small tanks but are butt joints 
in all large tanks. The shell plates are welded directly 
to the bottom plates and to a roof angle at the top 
The roof plates are usually connected with lap joints. 
The tanks are constructed so as to be liquid- and gastigfat 
and are equipped with relief valves designed to open at 
pressures ^ghtly above and below atmospheric pressure, 
thus insuring that no excess pressure or partial vacuum 
can be built up inside the tank. Such tanks are eco¬ 
nomical and suitable for the storage of heavy crude oils, 
kerosene, some fuel oils, and other products of low vol¬ 
atility, for which breathing and filling losses will be 
relatively low. The fire hazard is much less than for 
tanks with open vents. It is possible at small additional 
cost to construct these tanks so that they can safely 
operate at excess internal pressures up to about ‘A psi. 
Vessels of this type are usually designed in accoidance 
with Specification No. 12-C of the American Petroleum 
Institute, which im>vide8 for a basic factor of safety of 
2.6 (actually about three since design is based on storage 
of water whereas the actual prc^ucts stored usually 
weigh less than water) for st^ plates and permits a 
weld joint efficiency of 85% for butt joints. The factor 
of safety for structural members is also approximately 
three. 


Variable Volume Tanks 

Breathing and filling losses from volatile liquids which 
do not boil under usual atmospheric conditions at the 
storage site, can be very much reduced by the use of 
variable volume tanks, of which there are two major 
types. Tanks of the ^t type are constructed so that 
the volume of the vapor space above the stored liquid 
vary. Such *anlf« are used to eliminate or ma¬ 
terially reduce all breathing losses. They are most ef¬ 
fective when used for the storage of volatile products 
which remain in the tanks for relatively long periods, 
so that fillin g losses are of less importance. Breathing 
losses are eliminated from properly proportioned t ank s 
since the volume of the va^r space is increased as the 
volume of the air-vapor mixture expands with increase 
in temperature, thus preventing a material increase in 
pressure and the necessity of venting a part of the air- 
vapor mixture. As temperatures drop, the volume of 
the vapor space is decrea^, preventing the forming of a 
partial vacuum and the necessity of sucking fre^ air 
into the tank. Tanks of this type decrease filling losses 
somewhat but are not as economical as those of the 
second type for storing products which must be moved 
frequently and for which the potential filling losses will 
be very great. Several different designs for tanks of 
this first type have been developed and made available 
commercially by the comparativdy small group of com¬ 
panies which fabricate and erect large storage vessels. 
One of the early designs provided a flexible steel dia¬ 
phragm, referred to as a “breather roof," covering the 
top of a storage tank. The volume of the vapor space 
could vary wi^iin rather narrow limits as this diaphragm 
flexed upward or downward. A modification of this 
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design, called a “balloon roof,” operates in a similar man¬ 
ner; however, the flexible roof diaphragm is carried 
beyond the shell of the tank so as to increase the change 
in volume of the vapor space which occurs as the dia¬ 
phragm flexes up or down. In each case the roof dia- 
phr£^;m is supported in the down position by internal 
column and beam structures. 


Vaporlifl Roofs 

A more recent design, known as a “vaporlift roof,” is 
illustrated in Figs. 1 and 2. The roof normally rests on 
the usual roof supports as in a fixed volume cone-roof 
tank . When the volume of vapor in the tank tends to 
increase, due to a rise in temperature or other cause, the 
roof rises vertically, increasing the vapor space. A 
liquid seal, selected to meet the lowest operating tem¬ 
peratures, prevents the loss of vapor at the junction of 
roof and shell. Simple and rugged stabilizing means 
consisting of an endless chain or cable extending around 
the tank and connected mechanically to vertical columns 
attached to the roof at regular intervals, keep the roof 
level at all times regardless of lateral wind or unbalanced 
snow or other lo^s. This stabilizing equipment is 
located outside the tank with all parts accessible for in¬ 
spection and adjustment at any time. However, this 
equipment, as well as the liquid seal, is fully protected 
from the weather by the wind apron. A heavy circular 
girder holds the shape of the roof constant as it rises or 
drops tmder working conditions. A gas pressure of from 
iVi to 3 oz. per square inch, depending upon the size of 
tank and the height of lift required to eliminate breath¬ 
ing losses for the product stored, is normally required to 
raise the roof. Suitable pressure-vacuum relief valves 
are used to prevent accidental excess pressures or vac¬ 
uums. The liquid seal and dip ring are designed to re¬ 
lieve excess pressures in case the relief valve fails to 
function. It is frequently economical to work one tank 
with a vaporlift roof together with other tanks having 
fixed roofs by interconnecting the vapor spaces of aU 


of the tanks. In this manner breathing losses from all 
the tanks can be eliminated or very mudb reduced. The 
working pressure required to lift the roof can be lowered 
by the use of counterweights if desirable. Occasionally 
conditions may warrant the use of a variable voltune 
tank to be tis^ exclusively for the storage of air-vapor 
mixtures. In sudi cases the lift-type gasholder with 
either wet or dry seal may be used. A piston type gas¬ 
holder has recently be^ announced in which a cone- 
shaped steel piston is counterbalanced and supported on a 
central cylindrical column. A flexible curtain is used to 
seal the space between the outside rim of the piston and 
the shell of the tank, and between the inside rim of the 
piston and the central column. Vapor is stored in the 
dry space between the top of the piston and the roof of 
the tank. 

Floating Roofs 

Variable volume tanks of the second type are con¬ 
structed so as to largely eliminate the vapor space which 
normally exists between the surface of the stored liquid 
and the roof of the tank. This is done by the use of 
tank roofs which float on the surface of the liquid in the 
tank and rise and fall as liquid is pumped into or out of 
the tank. The use of this type of tank will result in the 
elimination of almost all fil&ig losses. They are there¬ 
fore most economical when used for working tanks which 
are filled and emptied at frequent intervals. Filling 
losses are eliminated since a tank full of air-vapor mixture 
is not created as the tank is emptied and then vented as 
the tank is filled. Breathing losses are also largely 
eliminated since there is but little space in which air 
vapor mixtures can form. However, it is difficult to 
create a perfect seal between the floating roof and the 
tank shell. Therefore, standing losses from floating 
roof tanks will be somewhat greater than from variable 
volume tanks of the first type. Moreover the collection 
of rain and snow on the floating roof creates problems 
which may be even more difficult of solution in areas 
where very low temperatures may be expected. Early 
designs for floating roofs usually consisted of a flat sted 
deck with a vertical rim at liie edge forming a pan. 
Modern designs consist of a steel deck supported on 
pontoons since this form of construction results in much 
greater buoyancy and practically eliminates the possi¬ 
bility of the roof sinking. In order to provide for ir¬ 
regularities in the shape of the tank shell as the roof 
moves up and down, a space must be left between the 
roof and the shell. This space is closed by means of 
special seals of which a large number have been developed 
and patented. In Fig. 3 there is illustrated one such 
design suitable for use on welded tanks. The sliding 
shoes, a, consist of an extruded corrosion-resistant non¬ 
sparking aluminum section formed so as to contact the 
tank shell along two horizontal sections. Thus if the shoe 
is passing over some minor obstacle at its upper line of 
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contact and is held a small distance away from the tank 
shell, the lower line of contact remains tight against the 
tank shell. The sliding shoes are connected through 
hinges to the cone-shaped steel apron plates, 6, which 
are in turn connected though hinges to the st^ deck, e. 
The segmental apron plates and shoes can swing in or 
out in order to provide for variations in the width of 
the space between the deck and the shell. Leaf springs, 
d, in combination with the rotating moment created by 
the weight of the shoe and apron, keep the horizont^ 
pressure between the sliding shoes and the tank shell 
substantially constant. The narrow gaps at the top, 
bottom and sides of the steel aprons are sealed with 
narrow strips of flexible materials, e, consisting of 
light gauge non-corro^ve metals or heavy fabrics 
coated with Koroseal, Neoprene or equivalent syn¬ 
thetics which are resistant to the action of petroleum 
vapors and atmospheric conditions. A secondary wiper 
se^, /, consisting of a loop of similar flexible materials, 
is provided to exclude air currents and to improve the 
seal. Auxiliary roller guides attached to the floating 



roof and held against the tank shell by compression 
springs are provided to keep the roof centered in the 
tank and to prevent its rotation as it rises and falls. 
Access to the floating roof is provided through a rolling 
ladder attached to a platform at the top of the tank 
shell. Water which collects on the roof is drained to 
low spots and then through a siphon drain directly into 
the product stored in the tank or, if this is undesirable, 
it is collected in sumps and then carried away through 
a flexible conduit or pipes with hinged joints. The st^ 
deck is normally supported a short distance above the 
stuface of the stored liquid thus providing an insulating 
layer of air-vapor mixture which keeps the temperature 
of the liquid surface materially below that of the deck 
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plates when the sun is shining directly on the roof. 
A rim plate, extending downward and located along the 
outer line of the pontoons which may be segmental, re~ 
tains any vapor which is formed in this space until it is 
again condensed to liquid form. Thus any breathing 
losses which do occur must come from the very small 
vapor space which exists below the seal apron and out¬ 
side the outer line of the pontoons. Floating roof ♦anif 
probably are less subject to the danger of fire or explosion 
than any other type of container. T^is is due to the 
fact that air and oxygen are excluded and there is no 
space in the tank where a large volume of an explosive 
^ gas mixture can form. Internal corrosion of the roof 
and pontoon plates is also minimized because of the lack 
of oxygen which in cone-roof tanks is continually re- 
pleni^ed by the necessary sucking in of fresh air. 

Variable volume tanks will be found to be most eco¬ 
nomical for the stort^e of motor gasoline, aviation fuels, 
light crude oils and similar petroleum prc^ucts whidi do 
not boil under normal atmospheric conditions. If it is 
anticipated that the average storage period will exceed 
about 60 days, tanks of the first type will usually be 
found to be most economical. For shorter storage pe¬ 
riods and especially in warm climates, floating roof tAnlr-e 
are best. Since all variable volume tanks operate at or 
very near atmospheric pressure, they are designed in ac¬ 
cordance with the same specifications as those used for 
cone-roof tanks and have approximately the same basic 
factor of safety of three. Modem floating roof tanks 
are of welded construction with butt-weld^ shells. In 
general, the welding problems encountered in the erec¬ 
tion of cone-roof and variable volume tanks have to do 
with the control of distortions and the production of 
sound welds under unfavorable climatic conditions. It 
is, of comse, not possible to position welds in field erected 
stmetures, and therefore welders must be able to weld 
vertical, horizontal and overhead joints, as well as those 
made in the down position. 
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Fig. 5—Low-Pre«8\ir6 Tanks 


Pressure Tanks 

Volatile liquids which boil under normal atmospheric 
conditions should be stored in pressure vessels. Many 
petroleum products, such as natural gasolines, can be 
economically stored in large containers designed to 
operate at low pressures of from 2 to 5 psi. Breathing 
losses of products stored in such containers will be almost 
entirely eliminated since no venting will be necessary if 
the ta^ has adequate strength to withstand the varia¬ 
tions in vapor pressure which occur under different tem¬ 
perature conditions. Filling losses will be reduced but 
not eliminated. The amotmt of filling losses will de¬ 
pend largely upon the manner in wUch the tank is 
worked, ^at is, whether it is completely filled or emptied 
in a single continuous operation, or is alternately partially 
filled and emptied. Corrosion will be less than for fixed 
volume atmospheric tanks since less fresh air is allowed 
to enter the tank. For the same reason the richness of 
the mixture of air and vapor will always be much above 
the range where explosion and fire may occur. Opera¬ 
tion of such tanks is not affected by wind, rain, snow and 
ice, or other climatic conditions since the tank has no 
mechanical or moving parts. Maintenance costs are 
relatively low since only the relief valves need regular 
inspection. The writer will refer to those tanks which 
operate at gage pressures of 15 lb. per square inch or less 
as low pressure tanks. 

Low Pressure Tanks 

One of the simplest and most economical types of low- 
pressure tanks is shown in Fig. 4. This is a picture of a 
10 ,000-bbl. tank used for the storage of natural gasoline. 
It is designed to operate at a gage working pressure of 
7^/s psi. Comparative records of losses of the same 
product stored in this tank and in other containers of 
conventional types operating at much lower pressures, 
indicate that savings during three months of summer 
storage more than paid for the additional cost of this 
container over one of the cone-roof type having the same 
storage capacity. As indicated in Fig. 4, ^e roof is 
dome sha{^. It has no internal supports or bracing. 
The exterior ring angle, which can be seen in the picture, 
together with an interior angle at the top of the shell and 
adjacent parts of the shell and roof plates, form a ring 
girder which prevents the tension forces in the roof plates 
from pulling the tops of the shell plates inward. The 
tank shell is cylindrical and its bottom is flat. Di¬ 
agonal ties are provided to balance the upward force 
in the shell and the downward pressure on the tank bot¬ 
tom which may exist when the vapor pressure in the tank 
exceeds atmospheric pressure. Tanks of this type can 
be constructed with storage capacities up to 55,000 bbl. 
for working pressures of 2Vs psi. and with somewhat 
smaller capacities for higher working pressures. In 


larger sizes the dome roof is stiffened with reinforcing 
structmal members. Figures 6 and 6 ^ow views of 
several low-pressure tanks designed for working pres- 
stnes of 2Vi psi. 

Special shape low-pressure tanks such as “spheroids,” 
“ellipsoids,” “torospheres” and cylindrical tanks with 
dished roofs and bottoms have been widely used. The 
use of pressure tank shells in which the plates are curved 
with respect to both major axes at any point will in gen¬ 
eral result in a saving of material since stresses can be 
developed parallel to both axes which in an ideal case 
might equal the full allowable working stress for the 
plate material. In the shell of a cylindrical vessel with 
closed ends, the unit stress in the longitudinal direction 
will equal only one-half that in the circumferential direc¬ 
tion for imtform internal pressure. Moreover, the 
forces created at points of discontinuity as at the junc¬ 
tion of roof and shell, and bottom and shell can be 
avoided. However, the saving in material may be 
more than offset by other factors. The dishing of steel 
plates to varying double curvatures is a relatively slow 
and expensive procedure requiring severe cold working 
of the plate material. Cost of assembly in the field, 
fit-up and welding may be much higher for such con¬ 
tainers. Under normal operating conditions, as liquid 
level and gas pressure vary, tmit stresses will fluctuate 
widely and the shape of the container may change ap¬ 
preciably. This may affect operating conditions such 
as the accurate gaging of the tank contents. The use 
of such containers is, however, economical for very large 
low-pressure storage tanks. 

There is no generally recognized code or specification 
covering the design of low-pressme storage vessels. 
The rules for Unfired Pressure Vessels of the A.S.M.E. 
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ai^ly to vessels having interior or exterior pressures in 
excess of 15 psi. For this reason design procedure is not 
alwa 3 rs based on the same allowable working stresses 
and load conditions. Those who purchase such tanks 
should therefore specify the basic factor of safety which 
ihpy consider desirable. It would seem logical for this 
type of storage vessel to provide a basic factor of safety 
of from 3Vi to 4 based on actual working pressure and 
weight of product to be stored. 


Spheres 

Products which are gases at normal atmospheric tem> 
peratmes such as butadiene, butane, isobutylene, hy¬ 
drogen, ammonia, sewage gas and many other petroleum 
and chemical products are usually stored most eco- 
nomicallyin pressurevesselsdesigned forworkingpressures 
of from 25 to 100 psi. or more. If large quantities of the 
product are to be stored, field erected spheres are nor¬ 
mally used. If the product remains a gas under all 
storage conditions, then the sphere is usu^y supported 
on light steel members attached to the sphere near its 
bottom. Such members are designed to carry the weight 
of the sphere itself together with the small additio^ 
weight of the stored gas and to resist any other external 
forces such as those caused by the wind. If the tank 
may be filled with a liquid under certain storage condi¬ 
tions, then heavy verti^ columns are usually connected 
to the sphere at its equator so that the upper half of the 
sphere may act like a hemispherical dome roof and the 
lower half of the sphere may be considered a hemi¬ 
spherical suspended bottom. The sides of the sphere 
must act as curved beams to transfer the vertical loads 
to the columns. Usually from six to twelve columns are 
provided depending upon the size of the sphere. Ca¬ 
pacities of spheres commonly used vary from about 2000 
to 12,000 bbl. A sphere is the most economical form 
of vessel for withstanding uniform internal pressures 
since the shell plates are stressed uniformly in all direc¬ 
tions. Moreover, the ratio of surface area to volume is 
less for a sphere than for any other form of container. 
The use of a single large spherical tank rather than a 
number of smaller shop-fabricated cylindrical tanks not 
only reduces materially the tank material but also elimi¬ 


nates the necessity for duplicate valves, pipe fittings 
and tank appliances which are relatively expensive items. 
Temperature changes are less extreme in a large con¬ 
tainer than in several smaller containers of equivalent 
storage capacity. Storage of volatile products in prop¬ 
erly designed spheres will prevent breathing and boiling 
losses and will materially reduce filling losses. The 
proper working pressure to be used for the storage of a 
given product will depend upon the volatility of the 
product and the highest temperature which is anticipated 
at the surface of the stored Uquid. Thus if isobutane is 
to be stored in an area where the surface temperature 
of the liquid may reach, say. 110° P., the storage sphere 
should be designed for a working pressure of at le^ 65 
psi. since the absolute vapor pressure of isobutane at 
this temperature is about 79 psi., equivalent to a gage 
pressure of about 64 psi. 

In certain cases it may be economical to store prod¬ 
ucts in insulated containers and at low temperatures. 
This is especially true for products such as butadiene 
and isobutylene in which undesirable chemical changes 
may take place if they are stored at atmospheric tem¬ 
peratures. It has b^ recommended that these f^od- 
ucts "be stored at a working te m perature of 32° F. with a 
corresponding pressure of about 3 psi." in insulated 
low-pressure containers. The East Ohio Gas Co.* at 
Cleveland has found it economical to liquefy natural 
gas and store it at a temperature of about —257° F. and 
a gage pressure of only 3 psi. in tanks with double walls 
separated by about ^ in. of insulation. The storage 
tanks used in the first installation at this site were double 
spheres; however, a vessel of the low-pressure type was 
installed at a later date. This container consists of 
two vertical cylinders. The inner cylinder has a di¬ 
ameter of 70 ft. and a height of 43 ft. The outer C 3 rl- 
inder is separated from the inner cylinder by a space 3 ft. 
thick, padced with rock wool insulation. Mr. Robinson 
gives the relative costs of storage in medium pressure 
containers (5 to 25 psi.), low-pressure gas holders, and 
as liquefied gas as approximately 20,8 and less than one 
cent per cu. ft., respectively. These costs apply to a spe¬ 
cific situation and might not hold for dissimilar condi¬ 
tions.* 

Spheres, and other medium and high-pressure storage 

* Note: Tbis iMt*U»Uoa wu dcstrojrwl bj ftre om Oct. 20, 1944. 
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vessels, are usually designed and constructed in accord¬ 
ance with either the A.P.I.-A.S.M.E. Code for Unfired 
Pressure Vessels or the corresponding A.S.M.E. Code. 
Those constructed in accordance with the A.P.I.-A.S.M.E. 
Code have a basic factor of safety of four. The joint 
efficiency specified for various types of welded joints 
(80% for double-welded butt joints, for instance) is 
multiplied by "construction factors" covering the grade 
of st^; and radiographing and stress relieving if per¬ 
formed. The joint efficiency is increased 6% for stress- 
relieved vessels and an additional 12% if the joints have 
been examined by radiograph and the defects repaired. 
The joint efficiency is decreased 3% if flange grade is 
used rather than ffiebox grade. Thus a joint efficiency 
of 95% would be permitted for a double-welded butt 
joint in a vessel constructed in the shop of firebox grade 
steel, say, A.S.T.M. A-70, which had been stress relieved 
and raffiographed, whereas a joint efficiency of only 
78% would be permitted in a field erected vessel con¬ 
structed of flange grade steel, A.S.T.M. A-70, which had 
been neither stress relieved or radiographed. 

Prior to the current war emergency, pressure vessels 
constructed in accordance with the A.S.M.E. Code bad 
a basic factor of safety of five. A joint efficiency of 80% 
was permitted for vessels constructed in accordance 
with paragraph U-69 of the Code. Early dtiring the war 
the c<^e was, in effect, modified by the issuing of Case 979 
which permitted the construction of pressiue vessels in¬ 
cluding large spheres, having a basic factor of safety of 
four and a design joint efficiency of 85%. This change 
brought the two code requirements into substantial agree¬ 
ment. A great many spheres have been constructed 
during the past few years in connection with the building 
of our great industrial war production facilities. A 
group of such spheres is shown in Fig. 7. Another sphere 
is shown in Fig. 8 being moved. It is one of two identical 
spheres completed and tested at a new mtmitions plant. 
Because of enlargement of the plant it became necessary 
to move the spheres. After moving they were retested 
successfully. These spheres, which are 40 ft. in di¬ 
ameter, were designed for the storage of anhydrous 
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ammonia at a working pressure of 75 psi. In order to 
bold the gas pressure at or below this value, the spheres 
are covered with insulation and a temperature of about 
40° F. is maintained in the stored product. The shell 
plates are approximately Vs in. thick and are, of course, 
butt welded at all joints. This welding was success¬ 
fully completed in the field under adverse weather con¬ 
ditions during the winter months. 

The design and construction of large spherical pres¬ 
sure vessels involve the solution of many difficult prob¬ 
lems. This is especially true if the vessel is to operate 
at low temperatmes wffich may result in less ductility 
and lower shock resistance of the steel plate material as 
well as the weld metal. Ctirrent codes permit the use 
of steels which may not be suitable for low-temperature 
service. The quantitative effects of cold working during 
fabrication in rendering steels subject to strain aging 
are not well understood. It can be demonstrated that 
locked-up stresses in a simple unstress-relieved structure 
such as a column built up of several pieces welded to¬ 
gether may equal the yield point of the steel. Yet the 
column when tested to failure will have a strength sub¬ 
stantially the same as that of an equivalent rolled sec¬ 
tion or of a similar welded section which has been stress 
relieved. We are not stue that the same happy result 
may be obtained in more complicated structures. The 
A.P.I.-A.S.M.E. Code now recognizes mechanical “peen- 
ing" as a proper method of relieving stresses in field 
erected ves^s. Biaxial stresses exist in the shells of 
all pressure vessels. In spheres these stresses are of ap¬ 
proximately equal intensity. We are not sure whether 
this condition is of great significance or not. The same 
condition exists at some points in the heads of almost 
all pressure vessels. 

Brown and Smith* have described the service failw 
of a sphere containing hydrogen gas at the design working 
pressure of 50 psi. This is believed to be the first sphere 
out of perhaps five htmdred which had been constructed 
at that time to fail structurally while in service. The 
failure which occurred with explosive violence is believed 
to have originated in the sheared inside edge of a 20-in, 
diameter manhole neck where plate shears had left a 
tom stuface. Brown and Smith suggest as possible 
causes of the failiu^: (1) a higher th^ average stress 
level in the manhole neck, (2) triaxial residual stresses 
of 3 rield-point values due to shrinkage of weld metal, (3) 
increased brittleness of the steel plate due to low tem¬ 
peratures at the time of the failtue, and (4) the probable 
occurrence of some type of shodc. 

The A.S.M.E. CMe has recently been modified by 
the revision of Case 979 and its reissue, permitting the 
construction of pressure vessels, except spheres, having a 
basic factor of ^ety of four and a design joint efficient 
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Fig. 10—Underground Tank Roof Sn^orfi 


of 80%, reduced from 85%. Spheres must now be con¬ 
structed tmder this code with a basic factor of safety of 
five and a design joint efficiency of 80%. It seems prob¬ 
able that this inconsistency may be eliminated when the 
code committee has had time to formulate more complete 
rules covering the construction of spheres. 

Underground Tanka 

In certain metropolitan areas, city ordinances require 
that storage facilities for products which might create 
fire or explosion hazards be constructed under ground as 
a safety measure. During the past few years many 
large storage tanks have been constructed tmderground 
as a means of concealment and to make more difficult 
their destruction by enemy forces. Underground stor¬ 
age has other advantages. Such tanks have adequate 
strength to resist low pressures and so have all the ad¬ 
vantages of low-pressure tanks. The surrounding earth 
provides heavy insulation so that temperature varia¬ 
tions are small and temperatiue is held relatively low. 
Thus breathing and boiling losses are usually eliminated 
and filling losses may be very much reduced. The dis¬ 
advantage of such storage lies in the relatively high cost 
of such storage tanks. Those built in metropolitan 
areas where land values may be very high are often large 
rectangular or irregfularly shaped prisms occupying the 
entire available area. These tanks are braced internally 
to withstand the external forces as well as the excessive 
internal pressiues which are specified in some city codes. 
Those built in areas where land values are low are usually 


constructed with cylindrical shells and flat roofs and 
bottoms. 

The construction of one such tank is shown in Figs. 
9 and 10. The tank is 100 ft. in diameter and 30 ft. 
high. The bottom of the steel tank which rests on a 
concrete slab is about 50 ft. below the ground surface. 
The tank shell is stiffened by ring stiffeners and by ver¬ 
tical stiffeners extending from the tank bottom to the 
tank roof. The roof is supported by a series of heavy 
girders and columns. The entire structure was as¬ 
sembled by welding in the field. Butt joints were used 
for both structural shapes and plates. After »hii* steel 
tank was completed, it was surrounded by a concrete 
shell and covered by a heavy concrete slab designed to 
prevent destruction of the tank by bombing. Many 
steel tanks of similar construction expect for lighter roof 
supports have been constructed with a soil cover only 
a few feet thick and without a protective shell of con¬ 
crete or a heavy concrete roof slab. 


Summary 

In sdecting the proper type of large field welded con¬ 
tainer in which to store a given product, one must con¬ 
sider fotu major factors: 

1. Safety from fire or explosion. 

2. Maintaining the quality of the product. 

3. Preventing loss of the product-breathing, filling 

and boiling losses. 

4. Cost of initial installation, maintenance and 

operation. 

The following types of containers have been fotmd 
most satisfactory for the products usually stored in large 
quantities under normal operating conditions: 

1. Fixed volume, atmospheric pressure rnnkn writh 

conservation vents for low vapor pressure 
products such as heavy crude oils, kerosene and 
some fuel oils. 

2. Variable volume tanks, operating at pressures 

only slightly above atmospheric pressure, suit¬ 
able for m^ium vapor pressure products such 
as motor gasolines, aviation fuels and light crude 
oils. 

2a. Variable volume tanks such as ''breather roof/' 
"balloon roof,” "vaporlift roof” and “dry and 
wet seal gasholders” which prevent breathing 
losses and are usually most economical when 
the product is held in storage for 60 days or 
more. 

25. Variable volume tanks of the "floating roof” type 
which prevent filling losses and are usually most 
economical when the product is held in storage 
for only short periods. 

3. Fixed volume, presstue storage tanks suitable for 

high vapor pressure liquid products and gases 
such as natural gasolines, aviation fuels, 
liquefied petroleum gases and anhydrous am¬ 
monia. 

3a. Low pressure tanks with braced flat bottoms 
and dome roofs, "spheroids,” "ellipsoids” and 
other special shape tanks suitable for working 
pressiu^ up to about 15 psi. 

35. Medium pressure tanks, usually spheres, suitable 
for working pressures from about 20 psi. up to 
100 psi. or more. 

4. Underground storage tanks having a high initial 

cost which are generally used because of re- 
, strictive building ordinances or for concealment 
and protection from enemy action. 
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Welding of Locomotives for Main 

Line Operation* 

By O. K. Kjolsetht 


F or nearly a century the railroad industry built 
steam locomotives by the casting, bolt and rivet 
method, and naturally it was not inclined to dis¬ 
card, overnight, a proven method of manufacture in 
favor of the new development, electric welding. 

Through later years, however, electric wdding had 
proved itself superior to other me^ods of construction in 
many industries, as well as here and there on railroad 
applications. Now it is rapidly earning a good acceptance 
in the railroad industry for one of the most important 
jobs of aU—rolling stoc^. 

For years the General Electric Co. has been fabri¬ 
cating by welding, complete electric locomotives for 
switching and industrial use. It found long ago that it 
could get a lighter, stronger construction, do the work 
faster, and lower the cost as well. Practically all of the 
mechanical portion on G-E switchers are welded. 

Fabrication by welding, of lai^e locomotive units such 
as truck frames, cab and undeiframe structures, gives 
many manufacturing advantages which are of consider¬ 
able importance. 

The elimination of pattern work and storage facilities 
are large items in cost reduction. Unless weight limita¬ 
tions require special material of higher tensile strength, 

* Pretented ut tb« Tweaty-Piftb Aanuul Meeting, A.W.S.. CleveUnd, Ohio, 
Oct. 16-19,1944. 

t Locomotive Engineering Division. General Electric Co. 


parts can be laid out and torch cut from standard stock 
material. Such parts are relatively small, and can be 
stored where the space would not accommodate large 
finished units such as frame castings. As needed, they 
are brought to various sections of the factory and welded 
into subassemblies which are later brought to the as¬ 
sembly floor for assembly into complete welded imits. 
The uniform dimensions of the structural material elimi¬ 
nates much machine work, and in most cases, any machin¬ 
ing that is required can be performed on individual parts 
or subassemblies. Thus, special machines to handle 
large assembly units are not needed. 

The Gener^ Electric Co. recently completed an order 
of main-line electric locomotives for the Sorocabana 
Railway in Brazil (Fig. 1). These locomotives are also 
of all-welded construction designed to handle passenger, 
freight and mixed trains over a mountainous terrain be¬ 
tween Sao Paulo and Santo Antonio in the state of Sao 
Paulo. 

General Description of Sorocabana Locomotive 

Classification. 

.1-C -I- C-1-238/286-6GE734-3000 volts 

Length, over-all, inside of coupler knuckles. 

.61 ft. 0 in. 



Fig. 1—Three-quarter View of Sorocabana Locomotive 
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Fig. 2—Assembly of Driving and Guiding Trucks Complete 


Width, over-all.9 ft. 1'!% in. 

Track gage.1 meter 

Diameter driving wheels.44 in. 

Diameter guiding wheels.33 in. 

Rigid whed base.13 ft. 0 in. 

Total wheel base.50 ft. 0 in. 

Total weight in running order.286,000 lb. 

Weight on drivers.238,000 lb. 

Number of motors.6 

Continuous rating (hp.).1910 

Continuous tractive effort (lb.).24,475 

Speed, continuous rating (mph.).^.3 

Maximum safe speed (mph.).56 


Driving Truck 

The three-axle driving trucks (Fig. 2) are articulated 
by a baU joint arranged to permit angular movement in 
both vertical and horizontsd planes. The outer end of 


the truck extends over the guiding truck, and carries 
draft gear coupler and pilot. 

Side frames are universal mill, rolled open-hearth steel. 
3Vs in. thick, normalized, with an ultimate tensile 
strength of 55,000-65,000 psi., maximum carbon content 
0.25%. All other parts are made from standard com¬ 
mercial plates and structural shapes of good welding 
qualities (Fig. 3). After preparation of individual parts, 
they are welded into subassembly units, consisting of side 
frame with pedestal brackets, articulation end frame, 
cross ties, induding center plate socket and loading pad 
supports, frame extension, coupler and draft gear hous¬ 
ing, etc. 

All required machining such as boring of center plate 
socket in main cross tie, squaring of cross tie plates and 
boring for articulation pin bushings in end frame, is 
performed on individual parts or subassemblies, ^b- 
assemblies and parts are then placed in a general assembly 
fixture (Fig. 4), aligned and trammed to required toler¬ 
ances and clamped in position for welding. Intersecting 



Fig. 3—Driving Truck Frame 
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Fig. 7—Cabs Under Construction 
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Rg. 9—Sill Beam for Cab Underframe Showing Method of 
Splicing IS-In. and S-In. Beams 


portions of parts to be welded together such as side 
frames, cross ties and end frames are preheated to a tem¬ 
perature of approximately 200° C. By experience it was 
found that by laying heavy welds, such as used in joining 
cross ties to side frames, a contraction takes place, in and 
around welds, of sufficient magnitude to draw the side 
frames together by approximately Vw in., more or less, 
depending on thickness of material and size of welds used. 
This contraction, of course, is compensated for by actu¬ 
ally machining cross ties longer by the amount of expected 
contraction. An experienced welder can do much in 
controlling shrinkage, distortion and misalignment in 
welded structures by his skill in operation of welding 
tools and sequence of weld applications. 

After the frame is otherwise assembled and welded. 


Fig. 10—Appaiatuj Compartment Unit 



Rg. 11—Miaoellaneoiu Welded Parti for Brake Rigging 
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Fig. 12—Truck Frame (Outer) Fig. 13—^Truok Frame (Middle) 


as well as longitudinally to frame centerline, and are then 
securely welded to pedestal brackets. 

Guiding Truck 

The guiding trucks are equipped with outside journals 
and rolled st^ wheels. Semelliptic and coil springs are 
arranged in series over top of the journal boxes. A 
laterally movable bolster with graduated gravity re¬ 
straint is provided to give improv^ riding queries (Fig. 
5). 

The guiding truck frame (Fig. 6) is also completely 
welded. Side frames are ms^e from steel boiler plate 
1 Vs in. thick with a tensile strength of 55,000-65,000 psi. 
Other parts of frame are made of commercial steel plates 
and shapes of good welding qualities. This frame is also 
set up in a special fixture and then placed on a universal 
welding table where flat-positioned final welds are laid. 

Cab 

The cab is of semistreamlined design (Fig. 7), erected 
on a platform or tmderframe and is carried on two center- 
plates located one on each of the two driving trucks. 
Additional cab supports are provided through four spring- 
cushioned loading pads slidably supported one on 
side of each driving truck. The losing pad springs are 
calibrated to give desired load distribution on all wheels. 

The cab consists mainly of exterior steel sheets 0.180 
in. thick, and a 4-m. steel channel frame. Sides are 
built in subassemblies positioned horizontally in a fixture 
set up on a steel floor bed. Clamps are used to secure 
stiffeners or carlines in position while being welded to the 
sheets. 


For the final assembly of cab, the various subassem¬ 
blies are erected on the underframe and welded in place. 
All exterior seams are ground smooth, and louvers, doors, 
windows, hatch covers, etc., are fitted to produce a 
smooth appearance of the structure as a whole. 

Welding lends itself very well to the making of curved 
sheets for the streamlined portion of cab, as such sheets 
can be made from small pails curved to desired shape and 
then joined together by welding into larger units. 

The cab imderframe (Fig. 8) is constructed of commer¬ 
cial steel shapes, bars and plates throughout. The struc¬ 
ture is about 54 ft. long by 9 ft. wide. The center sill, 
which is the main load-carrying member of the frame, 
consists of two 18-in. by 12-in. H-beams extending well 
beyond the bolsters where they are joined with 8-in. 
H-beams (Fig. 9) extending to ends of frame. 

Apparatus Compartment 

The apparatus compartment (Fig. 10) is built as a 
separate unit to facilitate easy insl^ation of electrical 
apparatus and wiring. After being completely equipped, 
it is lowered through hatch opening in cab roof and se¬ 
curely welded to tmderframe and roof structure. 


Miscellaneous Welded Parts 

Miscellaneous parts (Fig. 11) such as main brake arm, 
levers, rods and adjust^g screws, also spring equalizers 
and hangers are of all-welded design. 



Fig. 13—Center Tranaom vrith Center Plate 


WELDING 



Tig. 14—Outer End Frame, Subassembly 
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spare Locomotive Trucks for Mexican Railways 

About twenty years ago, the General Electric Co. built 
a number of 150-ton electric locomotives for the Mexican 
Railways. The running gear or trucks were all of the 
cast-st^ bolted construction. 

A short time ago, the G. E. Co. received an inquiry 
from the railwa 3 rs for a spare set of trucks and span bol¬ 
sters, complete with motors, etc., to be fully interchange¬ 
able with the original trucks. Upon investigation, it was 
found that all patterns used with the original order had 


Ore Drilling Machinery 
Built with Arc Welding* 

By S. Craig Calms 

U nique in welded fabrication is this rock and ore 
driller mounted on a caterpillar tractor and is 
one of the many specialties that are turned out 
of the Galena Machine & Electric Co. of Elansas. 

Named a “Jumbo,” this equipment is driven up to the 
ore face, the boom is raised to the proper height and a 
row of holes drilled, then lowered twice more for other 
rows of holes, then driven to another “setup” and the 
process repeated. With this machine it is reported that 
two drillers will do the work of six using the old post or 
tripod method. 

In building the “Jumbo,” the internal combustion was 
removed from the engine and an air head with four slide 
valves is substituted. The crankshaft was cut at the 
center bearing and one-half of it given a quarter turn, 
then welded back together, straightened and refinished. 

* Data and photoe. courtesy The Hobert Brothers Co. This U a prise 
winoing entry submitted to the Hobart Arc Welding News Contest. 


been destroyed, and naturally it would be difficult and 
costly under existing war emergency conditions to re¬ 
produce them, as w^ as to obtain st^ castings. 

It was suggested that the trucks be made by the welded 
method using rolled bar steel and plates in place of cast¬ 
ings. 

The order was placed accordingly, and the welded 
trucks and span bolsters are now completed, ready for 
shipment. They will be fully interchangeable with the 
original equipment. The wdded frame assembly units 
are illustrated by Figs. 12 and 13; end frame and cross 
tie subassemblies. Figs. 14 and 15. 


This places the throws of the shaft on 90'^ around the 
center. 

The cam shaft is driven by sprockets and chain and is 
timed to admit air to the cylinders at the point where the 
pistons are at the top of ^e stroke. The boom is con¬ 
structed of 3-in. extra strong pipe, one end pivoted to a 
3-in. double extra strong pipe by means of 2V4-iD* pins 
fastened in each end of the 3-in. pipe with set s cr e w s. 
This double extra strong pipe repla^ the spring in front 
of the tractor and supports the engine. At the other 
end of the boom a 3-in. extra strong pipe 8 ft. long is 
fastened in the two clamps at the end of the boom and 
two rock drills are mounted on this plate. The drill 
operators stand on the platform which is hinged to the 
boom at the back and supported in front by a chain 
which is adjustable to keep the platform level. An air- 
driven wen^ is built from a Mode!-A block assembly in 
the same manner as the engine. The wench drum is 
mounted above the engine and both are contained in an 
arc-welded 3-in. angle iron frame. The cable from the 
wench goes to the derrick and through 3-sheave fall 
blocks on both the derrick and boom. On one side of 
the tractor just above the tracks is an air receiver fab¬ 
ricated of ^in. pipe, 5 ft. long with pipe couplings 
welded on, from which air is taken to nm the wench, 
caterpillar motors and the two rock drills. 
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How Much Ductility Is Necessary for a 

Structure or Machine?* 


By W. J. Conleyt 


I T HAS long been customary to specify steels and 
other metals and alloys by means of values obtained 
from a tensile test. The importance and reliability of 
these is based on the fact that they represent results ob> 
tained from test samples of metal which have given satis¬ 
factory performance in service. However, does this 
prove that these tensile values are the ones which will 
properly designate the material for a specific applica¬ 
tion? Before the engfineer or designer can answer this 
question he should have a thorough understanding of the 
cross relationships between stresses caused by different 
kinds of loads and the manner in which variables found 
in practice affect the ability of the metal to perform as it 
is supposed to according to the tensile test results. For 
example, when a definite minimum value for 3 deld point 
or ductility is specified is this done on a basis of funda¬ 
mental tmderstanding of the service requirements or is a 
value settled on because the manufacturer of the metal 
can produce this material within the limits set? If the 
latter is the case the value should be designated as arbi¬ 
trary, and thus others will not be influenced to use a like 
value with the thought that it was arrived at in a logical 
manner. 

It is more natural for the mind to oversimplify than to 
expound and seek the real hard truth. 'Dius it is easier 
to select some arbitrary figure for a specification than to 
thoroughly analyze the type of service to see whether or 
not there are variables in the design which may prevent 
the metal from performing as anticipated on a basis of 
the test results. For example, for wdd metal the tensile 
test as specified by the A.W.S.-A.S.T.M. is performed on 
a test s]>ecimen having a cylindrical length of 2^/4 in. and 
a diameter for this length of 0.500 ^ 0.010 in., upon 
which is marked a 2-in. test length. The ends are pre¬ 
pared to be conveniently gripped, preferably in spheri¬ 
cally seated chucks. The lo^ is then applied so that 
the whole test requires only a few minutes, readings being 
made of the yield load, maximum load and infrequently 
of the breaking load. After fractme the final length be¬ 
tween gage marks is noted as well as the minimtun final 
diameter. These are the values recorded for a commer¬ 
cial test. It may be that more precise readings of load 
and elongation are made so as to determine the modulus 
of elasticity and proportional limit between stress and 
strain, commonly called elastic limit. Then on a basis 
of original dimensions, the 3 deld point, tensile or ultimate 
stress, elongation for 2 in. in per cent (ductility) and re¬ 
duction of area in per cent are computed. Figure 1 
shows a t 3 rpical engineering stress-strain curv^ deter¬ 
mined as stated above, labeled oabfde. Thus it is easUy 
appreciated that the vsdues determined from this test are 
arUtrary or empirical. The dimensions of the test piece 
are such that the stress is principally uniaxial, the piece 
being free to reduce in cross section perpendicular to the 
dhection of load. It is also well known that the section 

* FrtMBtMl at tbt Twcat^-FUtli Aanual Meetios, A.W.S., Clevdaad, 
Ohio, Oet. le to 10. 1944. 

t CoBMtltinc Bai^Mr, Tli* Lincoln Electric Co., Clerclond, Ofaio. 


reduces locally after the maximum load is reached, the 
shape of the curve varying greatly from this point on de¬ 
pending on such variables as the grain size, inclusions, 
surface conditions, temperature of test, etc. Figure 2 
shows engineering curves approximately correct as to 
shape for low-carbon steels {A, B and C) and for low- 
alloy steels {D and E). 

It is realized that this discussion is fundamental, but 
it is included to develop the proper mental picture to at¬ 
tempt to influence the engineer and designer to select or 
speedy values according to the performance actually 
needed and on a basis of ^e ability of the material to per¬ 
form in the structure. The objective is to cause thought 
in terms of the actual application not in terms of an ar¬ 
bitrary test which shotUd be regarded as a control test 
only. After careful study and ana] 3 rsis it may be found 
that the imposed specifications are too strict or too 
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loose, in any case conclusions should be drawn as ac¬ 
curately as possible. 

Returning to the curve Oabfde of Fig. 1 it is seen that it 
can be divided into five parts. Oa shows practically 
straight-line relation between stress and strain or elastic 
action; db represents mixed elastic and plastic condi¬ 
tions, while he is practically plastic action only; c^d 
shows mixed elastic and plastic relations between stress 
and strain with more plastic than elastic. The shape of 
de is probably influenced not only by the inherent proper¬ 
ties of the material but by variables introduced in the 
manufacture. Thus it is seen that percentage elonga¬ 
tion is made up of elongations represented by the per¬ 
manent stretch produced from a to e. Tlie whole 
may be made of a relatively small amount from b to c 
with relatively large amount from c to e, or the reverse. 
This is shown in Fig. 3 by curves 1 and 3. However, if a 
part of a structure were loaded to point d it would be 
practically unfit for further service so that the stretch 
from d cannot be included as a useful criterion of per¬ 
formance. Thus it can be seen that the specification 
for elongation alone does not tell the whole story unless 
the shape of the curve is visualized at the same time. In 
fact, such large values as indicated by the whole curve 
are of interest only to those planning deep drawing or se¬ 
vere forming operations on the me^. For design pur¬ 
poses for machines and structures, no permanent elonga¬ 
tion would be necessary since the worl^g stress is chosen 
to be well below the proportional limit where no perma¬ 
nent elongation takes place or at least an extremely small 
amount. In this case why is the ability of the material 
to permanently elongate or have ductility a factor in its 
choice or specification? The answer to this question 
entails an understanding of the loading and the internal 
structure of the metal and the manner by which it adjusts 
itself to the stresses set up by the load. 

Per cent elongation as measured in the tensile test is of 
interest and can be used as a basis for specification, for 
raw material to be shaped cold by plastic deformation as 
in deep drawing operations, for parts in their finished 
form which may be expected to undergo plastic deforma¬ 
tion in service, for parts not expected to undergo plastic 
deformation but through abuse or accidental overloading 
may be subjected to stresses greater than the yield point, 
for applications where the engineer or designer does not 
expect the material to yield, but thinks that ductility is 
necessary to insure that the metal have other proper¬ 
ties, or to allow for adjustment where internal stresses 
may develop during fabrication as in welding. This 
thought may have been prompted by experience as previ¬ 
ously stated, where the material, which had performed 
sati^actorily under conditions of shock, repeated stress¬ 
ing, high temperature, etc., showed a large value of 
centage elongation during a tensile test. Before using 
the elongation as a criterion the designer should be sure 
that it does instue that the metal will perform under the 
load conditions as expected, otherwise he will be led into 
a mental state of fdse security whi<^ is dangerous. The 
danger lies in the fact that the problem is thought of as 



Fig. 4a 


solved, whereas act¬ 
ually the specifica¬ 
tion written with the 
above attitude may 
be adding greatly to 
the cost of the struc¬ 
ture or machine. 

All metals are 
known to be crystal¬ 
line, namely, made 
up of units, called 
grains which have 
an internal geomet¬ 
rical atomic pattern. 

This pattern pro¬ 
duces directions or 
plwes along which shear displacement can take place, 
with greater ease along some than others. It is th« shear 
displacement which allows permanent deformation or 
plastic flow which is reported as percentage elongation or 
ductility in the tensile test. It is well known that a 
tensile stress in a given direction sets up a secondary 
shear stress along a plane at any angle to this stress 
which is a maximum at 45^ and equal in intensity to one- 
half of the tensile stress causing the shear. However, 
when the primary stress is shear, the secondary tensile 
stress has a maximum value along a plane at 45*^ and is 
equal to the shear stress causing the tension. Whether or 
not shear displacement takes place depends on the rela¬ 
tive ability of the metal to wit^tand the shear stress and 
at the same time resist rupture by direct pulling of the 
atomic layers apart in a plane perpendicular to the di¬ 
rection of the tensile load. This resistance to shear or 
building up of the tensile stress is not only an inherent 
property of the material but can be affected by the geom¬ 
etry or shape of the loaded member. In fact any set of 
conditions which cause an increase in the resistance to 
shearing dis}flacement within the grains causes a loss ol 
elongation in the tensile test and makes the materia] 
approach a brittle action. This may be due to cold 
work, precipitation of a microconstituent or a shape fac¬ 
tor. For example, a metal tested in tension using the 
standard specimen which has a ratio of length to diametes 
of eight may show an elongation of 40%. This same ma- 
terisd with a test length of Vt ^ ratio of 1 to 1 ma\ 
give a value of 60% while a test length of V« in. or a 
ratio of 1 to 2 will show about 10%, Figs. 4(o) and 4(6) 
For a test length of zero the elongation is zero and th< 
fracture is straight across in tension. This would thei 
indicate that the metal was brittle but actually its inher 
ent properties are the same, the form of the test specimei 
having a circular notch causing the artificial condition 
This same effect is often produced by design and it can bi 
seen that any amount of elongation, no matter how great 
will not guard against this type of failiue. Fullapprecia 
tion is necessary on the part of the user of the fact tha 
the ability of a material to permanently deform is no 
only a function of its inherent properties but also of th* 
shape or relative value of its cross section to its length* 
To permanently deform, the metal must be free to con 
tract in a direction approximately perpendicular to th< 
prima^ load. This ability can be detracted from b; 
changing the shape as explained, or by causing a load ii 
the direction of contraction to prevent this as by biaxia 
and triaxial stressing. When triaxial stressing is presen 
of equal intensities no shear displacement can take place 
thus indicating a brittle material on a basis of the actioi 
at failure, this condition can be easily overlooked in de 
sign. However, in welding design except for heav^ 
sections there is no excuse for such a condition since tn«>rp 
bers can be joined to avoid this and material can be dis 
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tributed not only to avoid an unfavorable shape, but can 
be constructed to relieve stresses by natural flexure with> 
out plastic adjustment. For example, where several 
members are welded to a web of a main member in a 
truss, the members can be spaced so that the welds will 
not intersect to cause a congestion of metal. Where 
stiffeners are used on welded girders the comer can be 
sheared off so that the welds cannot be continued into 
the comer at the intersection of the stiffener with the 
flange and web, Fig. 7. In the case of stiffeners used on long 
or wide sections as in ship constmction, the welding can 
be so planned that a length of plate will free for a width 
including two or three stiffeners, thus increasing the 
length tUckness ratio. 

Elongation may be legitimately used to indicate that 
a metal or alloy 1^ sufficient reserve plasticity to adjust 
itself to stresses which may develop due to unsym- 
metrical loading or conditions which may cause a rela¬ 
tively large stress locally, much larger than the statistical 
average computed by conventional design formulas. 
.This local overstressing will do no harm if the material 
can move plastically to relieve the high stress and thus 
equalize conditions. Another case is that of the reliev¬ 
ing or adjustment of the stresses induced by the natural 
tendency to shrink against restraining by the colder 
parts during the joining of metals by fusion welding. 
This can happen only when shear movement takes place. 
The ability for this to happen without permanent injury 
is indicate by values of elongation as obtained from the 
tension test, the result of slipping along the atomic planes 



of the metallic grains. However, the designer does not 
need to insist on the maximum values that a material can 
develop when such insistence may cause a sacrifice of 
other valuable properties or added cost. If the true 
stresses could be accurately predicted no ability to perma¬ 
nently deform would be necessary since the design could 
be made so that the elastic limit need not be exceeded. 
This condition is difficult to realize except for very thin 
gage sheet stock, thin wall tubing and members having 
relatively small diameters. 

It will be supposed that the engineer or designer has 
specified a minimum value of elongation in per cent 
from experience with the material under similar condi¬ 
tions or simply from a feeling that this minimtun value 
will insure against failure by some combination of condi¬ 
tions during service. It may be that he has picked 
his value on a basis of tests of material which has given 
satisfactory performance in service similar to that for 
which the design is made. It is possible that he may be 
correct in his choice and at the same time he may be 
placing the responsibility on this value of elongation and 
thus laboring under a condition of false security. Much 
work has been done and many investigations are on rec¬ 
ord whidi show that a given value of ductility, even 


though large, does not insure against fail¬ 
ure in service. 

If the attention is to be focused on 
percentage elongation the true value 
should be used. When a relatively small 
volume is subjected to a localized st^’ess 
the material act more like that wffich 
is drawn through a die than like the 
unsupported length of the standard tensile 
specimen. In this case the metal is 
capable of elongation many times that 
indicated in the tensile test where the stretch is taking 
place through a major time of the loading on a rela¬ 
tively restricted section. However, the percentage 
at break is based on the original length, much of 
which ceased to elongate farther after the maximum load 
had been reached. The actual ability to elongate or true 
ductility can be computed from the tensile test based on 
the fact that the volume of the metal does not change 
after the yield point has been reached. Thus it would be 
possible to draw the specimens out along the whole test 
length to a final leng^ which would give a volume equal 
to ^e original with a cross-section area equal to that of 
the minimum section produced at the neck. Letting 
A, equal ori^nal area of cross section, original length, 
A„ final area and L length of section having same volume 
but cross-section area A^t the expression for final length 
L is found as follows: 

AJC.. = A^-. i = ^ 

Increase equals 

The unit elongation possible then becomes [{A,/A^ — 
1 ] and this times 100 gives the true percentage elongation 
or ductility in the true sense. For the example of steel 
given previously, which showed a percentage elongation 
for the 2-in. length of 39% and a reduction of area of 
63%, the true elongation becomes [(0.2/0.074) — 1] X 
100 or 170%, more than four times the engineering or 
nominal value. The true curve plotted between true 
stress and true ductility is shown as Oabfgh in Fig. 1. 
With this value in mind the designer could readily accept 
smaller values of ductility based on the standard test. 
More discussion of this will be given after a consideration 
of possible relation between elongation and the proper¬ 
ties which can be listed as complex. 
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Tabla 1 



C 

Percentages 

Mn Si 

Ni 

Rock- 
weU C 
S(Ule 

Tensile 

Strength. 

PsL 

Yield 

Strength, 

PsL 

Elooga- 
tion in 2 
la.. % 

Redoc- 
tkn of 
Area, % 

Impact, PL-X-b. 
Ch^jr TcbmIc 

A 

0.46 

0.61 

0.20 

3.67 

52 

278,000 

214,000 

11.5 

44 3 

18.0 

62 

B 

0.47 

0.70 

0.24 

3.56 

53 

288.500 

214,600 

11.5 

34.1 

5.5 
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Properties such as toughness, plasticity, malleability, 
resist£mce to repeated stress, resistance to impact, not^ 
toughness, crackless plasticity and creep resistance in¬ 
volve two or more of the so-c^ed mechanical properties 
found by the standard tensile test. Percentage elonga¬ 
tion is (^ten used to indicate, or is thought to indicate, 
that a material will have relatively satisfactory perform¬ 
ance under loading producing action requiring favorable 
values of these complex properties. In other words, it is 
thought that a lai^e value of elongation will insure satis¬ 
factory toughness, resistance to repeated stress, resist¬ 
ance to impact, etc. Evidence will be given to show that 
this is not true. 

It must be kept in mind that the following discussion 
is not aimed at destroying confidence in the tensile test 
or any of the values determined thereby, but to encourage 
more accurate thinking and analysis in the use of these 
values. Designers and engineers seem to think that there 
Is a direct relation between percentage elongation and the 
performance of metals tmder specific service conditions. 
In almost all cases the tendency is to demand as high a 
elongation as possible, frequently resulting in an imprac¬ 
tical value. . The thought seems to be that the larger the 
elongation the better the performance will be with regard 
to special stresses and applications. However, an engi¬ 
neer who will fight for a minimum value of 30% for a 
given steel will accept fifteen for a critical heat-treated 
part such as spring steel. He will not worry over the fact 
that the part may be seriously stressed internally diuing 
the heat treating and may have so-called stress raisers 
left in the metal or sharp comers built into it during fab¬ 
rication. When malleable iron having 5% elongation 
was produced it was acclaimed widely because of this 
value. Why? Because everyone was thinking of cast 
materials like gray iron which had practically zero elonga¬ 
tion. Then when malleable was produced having 10% 
stretch it was considered marvelous. This material 
was used under loading conditions where steel was re¬ 
quired to have at least 20% elongation. An example 
can be given of the casting u^ as a part of the knee ac¬ 
tion support for the front wheels of a popularly priced 
automobile. This was welded to a forging which was re¬ 
quired to have much higher elongation. Aluminum and 
magnesium alloys were quite commonly used as castings 
with elongation of less than 5% for important units su^ 
as parts of landing gears for airplanes. Now this ma¬ 
terial is universally accepted and thought to have ex¬ 
cellent properties based on a value of less than 10%. 
The reason for this attitude can only be due to relative 
thinking. It would seem that designers and engineers 
might begin to question the practice of demanding as 
much elongation as the trade will allow and attempt to 


make specifications whidi more nearly meet the servi ce 
conditions. 

Example after example can be given to show that a 
specific value of elongation will not give assurance that 
an expected performance will result under a given com¬ 
bination of practical loading. However, only a few win 
be included here, references to others will be given at the 
end of the paper. G. C. Riegel and P. F. Vaughn’ give 
values for two steels, Heat A and Heat B, shown in 
Table 1. These steels were as closely identical as mill 
practice will hold. The yield point and percentage don-, 
gation values are identi(kl. Reduction of area and im¬ 
pact values vary considerably, Steel B having much lower 
values. However, on a ba^ of elongation the steds 
should perform equally well. It was found when one of 
the best of the heats having the low impact values was 
used to make 400 sets of gears that, for four successive 
years, gears from that lot failed under service conditkma 
while ^ose from heats having the higher impact values 
were free from service complaint. The following ex¬ 
ample from work by F. Bacon** shows a trend in the op¬ 
posite direction. In this case the notched bar impact 
values were comparable with the ductility figures, but 
the notch endurance stress was higher for the lower 
ductility. (See Table 2.) 

The same conditions, namely, lack of correlation be¬ 
tween notch impact and elongation when subjected to 
repeated stress performance, are shown by work pul>- 
lished by W. L. Collins and T. J. Dolan.* Other inves¬ 
tigators show this same lack of correlation between don- 
gation and service performance, for aluminum and mag¬ 
nesium alloys having relativdy large values of dongation 
( 10 - 12 %). 

Another application where engineers and designera 
place great weight on elongation is in the selection of elec¬ 
trodes for welding and in the specification of the wdd 
metal. According to the Ambucan Wblding Socibtt 
classification the E 6010 and 6011 dectrodes must have 
a minimum elongation of 22% in the as-wdded condition 
while the E 6012 group must have 17% in the as-welded 
state for the all-wdd-metal tensile test. On this basis 
the engineer sdects the 6010 or 6011 type of electrode at 
the s^ifitt of higher strength and faster wdding speeds. 
It would seem that, unless other characteristics of these 
electrodes enter into the specification, careful scrutiny 
would be warranted to determine whether or not 17^ 
elongation is sufficient or even more than required. 

The paper by D. J. McAdam, Jr., and R. W. Clyne 
on the ‘‘Theory of Impact Testing”; Influence of Tem¬ 
perature, Vdodty of Deformation and Form and Size 
of Specimen on Work of Deformation* is well worth 
study by an 3 rone who wishes to pursue the subject further 
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and gives many data and proof of the points which have 
been emphasized in this discussion. The author had the 
I^vilege in 1941 and 1942 of working on the development 
of a cast steel for use on armament. Exhaustive tests 
were made on many heats of steel of variable analyses. 
No correlation could be found between elongation, re¬ 
duction of area or notch impact values and the ability 
of the steel to hold up under actual fire tests. The only 
correlation seemed to be between microstructure and the 
shock tests caused by actual projectiles. When the mi¬ 
crostructure showed no ferritic network produced during 
the quenching, the steel invariably gave satisfactory re¬ 
sults. On a basis of elongation those showing the largest 
values often gave the poorest test results at the proving 
grounds. 

Figure 3 illustrates possible stress-strain action for 
three low-carbon steels of the same composition or for 
three samples of the same steel when subjected to dif¬ 
ferent mechanical treatment. Steel No. 1 shows no 
definite yield point, but has a continuous mixed elastic 
and plastic action starting at the elastic limit or propor¬ 
tion^ limit which is relatively low. No. 2 has a definite 
yield point but a small amount of plastic action while 
No. 3 shows a large amount of plastic action at the 
yield point. For the first, the plastic range is zero, for 
the second about 1% and for the third about 9%. All 
the steels have approximately the same over-all donga- 
tion. 

Curve 3 of Fig. 3 is typical of low-carlxm steel com¬ 
monly used for welding fabrication. For this applica¬ 
tion large values of elongation are specified to assure 
that the metal will have sufficient plasticity to adjust 
itself to the stresses set up during the shrinkage of the 
hot metal against the resistance of the colder metal being 
joined. If the design has been properly made and the 
welding technique controlled to follow reasonably good 
practice, is a large value of elongation necessary or can it 
be used? If poor design has to be contended with and 
poor fabrication technique is used no practical value of 
elongation will save the metal from eventual service 
failure. For example, the relative amount of elongation 
that may be necessary can be arrived at by referring to 
Fig. 5. It is assumed that the members A, B and C 
are held in a rigid frame in such a manner that B is held 
under a unit tensile stress of 20,000 psi. while A and C 
have 10,000-psi. compression much like the contracting 
weld metal between the joined plates. Let it be assumed 
that the yield point for the material of ^4, 5 and C is 
30,000 psi. If a load P is applied to the unit this will 
build up stress until finally 30,000 psi. is produced on B 
thus causing yielding, meanwhile the stress will be zero 
in A and C since sufficient motion must have taken place 
between the bars to cause 10,000 psi. in A and C as well 
as .S at the same time relieving the compression in A and 
C. Further loading externally by P causes the bars to 
move farther apart with elastic action for A and C and 
plastic yielding of B which it will be assumed has an en¬ 
gineering ciuwe similar to 3 of Fig. 3. A motion corre¬ 
sponding to elastic movement of A and C to produce the 
3 rield point of 30,000 psi. in tension requires a unit elon¬ 
gation of 40,000/30,000,000 or 0.13%. For this particu¬ 
lar steel the plastic elongation range is 9%, ample to 
take care of the adjustment. In fact if 9% were needed 
this would mean so much distortion that most structural 
members would not function practically. When all the 
members have been brought to the yield point, the stress 
is uniform, or in other words, the nonuniform internal 
stress condition has been mechanically relieved. When 
the unit is unloaded, only relatively small internal stress 
remains. This method is used practically to stress re¬ 
lieve welded pressure vessels. 

If the steel of Fig. 5 had characteristics shown by Curve 



Fig. 8—Truck Frames 


1 of Fig. 3, the same action would occiu- except the yield 
point is reached at lower stress intensity. However, the 
adjustment would take place at higher and higher stress 
intensities, but the range from a to 6 is greater than Vm 
of 1% and the stress corresponding to b is no higher than 
that for 2 and 3. It could be possible that the progres¬ 
sive adjustment taking place at the lower value might 
relieve stress concentrations before they could do per¬ 
manent damage such as might occur when a crack starts 
at the root of a notch or in the region of a flaw or inclu¬ 
sion. In fact it would appear that action depicted by 
Curve 1 of Fig. 3 is very desirable for stress relief so that 
a careful interpretation of the tensile stress-strain dia¬ 
gram may give the necessary solution for many applica¬ 
tions seeming to have no correlation with it at present. 
Then, too, it is not unreasonable to imagine that metal 
could be produced at will which would have given char¬ 
acteristics to aid stress adjustment. It has been shown 
that the elongation of structural steel and metal deposited 
by welding is far in excess of that needed for practically 
aU construction. By proper designing to eliminate con¬ 
tour and congestion of points which might cause large 
stress concentration, high elongation is not necessary. 
When this is done, a structiue and machine will actually 
operate with stress distribution more nearly that which 
the designer intended. Thus elongation fades in im¬ 
portance as a specification in comparison with other 
advantages to be had by not limiting design by insisting 
on large values of ductility. Thus for various welding 
applications the designer will not be limited to one type 
of electrode, but can choose the one which was designed 
to work best for a particular application. Further, it 
may then be possible to engineer the fabrication so that 
a faster more specialized dectrode can be used. For 
example, assume that the requirements have resulted in 
the design of a machine frame or beam having an I-cross 
section which is to be made by welding together three 
plates as shown in Fig. 6 using fillet welds. On a basis 
of ductility an E 6010 type of dectrode wotild be chosen, 
whereas the E 6012 is ideally suited for this application 
and has more than sufficient ductility. If the design 
requires the use of ^A-in. fillets, the weld can be made in 
the flat position at 40 ft./hr. with an E 6010 dec¬ 
trode and at 55 ft./hr. with an E 6012. Figure 8 shows 
a group of truck frames where distinct savings were 
re^zed by using the E 6012 electrode. 

The saving ne^ not stop here, since due to the higher 
travd speed, the full force of the arc is available for pene¬ 
tration. By this means more of the base metal is fused 
to produce a stronger or equally strong joint with smaller 
size wdds in the case of fillet wd^ espedally when 
made with the spedalized dectrode. Using more of the 
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base metal to cany the stress makes it 
possible to effect a metal saving. The 
intent has been to show that the selec¬ 
tion of a material in design simply on 
the basis of one characteristic such as 
ductility will greatly limit the possible 
choice and application and may add 
greatly to cost. The latter is an im¬ 
portant fact to keep in mind since 
modem industrial trends indicate that 
we are on the way to an era of keen 
competition so that only the most effi¬ 
cient producers of a given product will 
survive. The efficiency not only en¬ 
tails the ability of the structure or ma¬ 
chine to properly function in service, 
but also the ability to fabricate the 
product at a minimum cost. 

Design for welding is especially sus¬ 
ceptible to analysis from the point of 
low cost since the flexibility in the fabri¬ 
cation allows the designer great free¬ 
dom in the distribution and method 
for joining metal. If full advantage is 
not taken of these facts, much of the 
savings possible by this process may 
not be realized. When too mudi 



Fig. 9—Hoist Bose 


attention is given to arbitrary specification such as the 
choice of a given value for ductility, application of ma- 
tmals, use of a process or a particular design may be 
limited. Therefore, advantage cannot be taken of 
valuable characteristic methods or procedures. For 
example, electrodes were to be chosen on basis of elonga¬ 
tion values and a large value of this property insisted 
on, the welding fabricator may be greatly handicapped. 
On this basis, the A.W.S. E 6011 or 6010 type mil be 
specified. Making a weld on plates to form a T joint 
by means of a single pass fillet weld with the selection 
limited to the E 6010 electrode on a basis of elongation 
will add considerably to cost as compared to the possi¬ 
bilities using the lower elongation E 6012 type. As 
pointed out, greater efficiency can be realized by going 
all the way by using the specialized electrodes wherever 
the application will allow and can be engineered to that 
end iUustrated by the base of Fig. 9. It has been pos¬ 
sible to only scratch the surface of such a topic as this and 
stay within reasonable bounds as far as space is concerned. 
If this treatise causes engineers and designers to think 
more carefully about the meaning of elongation and to 
question the advisability of large values when not needed, 
and if it causes them to analyze their problems more pro¬ 
foundly the author will feel well repaid. 
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Bell Telephone Laboratories 

Exploring and inventing, devising and perfecting for our Armed Forces 
at war and for continued improvements and economies in your telephone service 


llESEARCH, in the Bell Telephone Sys¬ 
tem, has always been an expanding 
activity, growing with the scientific 
knowledge of the times and contribut¬ 
ing to that knowledge. Upon it have 
been based important inventions and 
developments. 

The telephone, itself, was invented 
in the laboratory where Alexander 
Graham Bell was carrying on re¬ 
searches in speech and hearing and 
laying the foundation for the electri¬ 
cal transmission of speech. As time 
went on the telephone research pro¬ 
gram expanded to cover every science 
which gives any promise of improved 
telephony and every engineering art 
which applies to the development, con¬ 
struction, installation and operation of 
telephone facilities. 

These researches and development 
studies now cover electrical commu¬ 
nication of speech—both by wire and 
by radio—the transmission of pictures 
(television)—and many important 
projects for war. 

There Is No End to Progress 

Every new research gives rise to 
new inventions and to new lines for 
development and design. New inven¬ 
tions indicate new lines for more 
research. Research and development 
work, invention and design go hand 
in hand. In the early years, this work 
was carried in part by the American 
Telephone and Telegraph Company 
and in part by the Western Electric 
Company, the manufacturing unit of 
the ^11 System. 

For many years, however, this work 
has been assigned to a specialized unit. 
Bell Telephone Laboratories, Incor¬ 
porated. Theirs is the responsibility 
for the technical future of the indus¬ 
try. They carry their developments 
from the first faint glimmerings which 
basic researches disclose to die final 
design of equipment and the prepara¬ 
tion of specifications for its manufac¬ 
ture. And after manufacture and 
installadon, they follow their products 
in operation; and continue develop- 
naent work to devise still more perfect 
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equipment, less expensive, more con¬ 
venient and of longer useful life. 

These policies and procedures of 
Bell Telephone Laboratories are dis¬ 
tinguished by two characteristics. In 
the first place the Laboratories design 
for service. The consideration is not 
the profit of a manufacturer through 
first sales and replacement models but 
the production of equipment which 
will give the best service at the lowest 
annual cost when all factors are con¬ 
sidered, such as first cost, maintenance, 
operadon, and obsolescence. The Lab¬ 
oratories make no profit and the equip¬ 
ment they design is owned and used by 
the telephone companies; and the em¬ 
phasis is upon that use. 

Organized Co^dinated Research 

In the second place the Laboratories 
design always with reference to the 
complete communication system in 
whi<^ the pardcular equipment is to 
play a part. 

Reliable, economical telephone ser¬ 
vice, which is the product of its efforts, 
is not so much an assemblage of excel¬ 
lent apparatus as it is an excellent as¬ 
sembly of co-ordinated equipment—all 
designed to work together reliably and 
economically for a larger purpose. 

It is not enough that Bell Labora¬ 
tories shall design a new piece of elec¬ 
tronic equipment which has merit or 
a new cable or telephone receiver. 
They mtist design with reference to 
all the other parts of the communica¬ 
tion system so that the co-ordinated 
whole will give the best possible service. 

4600 People in Bell Laboratories 

Bell Laboratories contributions to 
the Armed Forces derived in large 
part from the technical backgrotmd 
that the Laboratories had acquired 
through their steadily maintained pro¬ 
gram of research. The Laboratories 
had special knowledge, skill and tech¬ 
niques which could instantly be di¬ 
verted to war problems. 

At the time of Pearl Harbor, over 
a quarter of the 4600 people in the 
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Laboratories had twenty or more years 
of service. This breadth of background 
made possible many engineering de¬ 
velopments outside the strict fidd of 
commtmication and these have been 
of value to the Armed Forces. So far 
the Armed Forces and the O.S.R.D. 
have engaged the Laboratories on over 
a thousand major projects. The major¬ 
ity of these assignments have bwn 
completed; and have contributed to 
our victories on many fronts. 

Most of the Laboratories develop¬ 
ments, of course, have been in the 
field of electrical communication. 
Commtmication, not simply between 
individuals as in ordinary telephony, 
but between mechanisms—as in the 
electrical gun director. The Laborato¬ 
ries techniques and electronic researches 
have produced many secret weapons 
for our country’s Armed Forces. 

Leader in Electronic Development 

For those problems the Laboratories 
had a remarkable background of ex¬ 
periences in research and develop¬ 
ment. In World War I, they pioneer^ 
by developing radio telephone systems 
for talking between planes and between 
planes and ground stations. They also 
contributed methods and devices for 
locating enemy planes, submarines, 
and artillery. 

In this war. Bell Laboratories have 
pioneered in the field of electronics. 
The Western Electric Company, which 
manufactures the designs of the Lab¬ 
oratories, is the largest producer of 
electronic and other war communica¬ 
tion equipment in the United States 
and is now engaged ^most exclusively 
in the manufacture of this equipment. 

In war. Bell Telephone Laboratories 
devote their work to the needs of our 
Armed Forces. In peace, they are con- 
standy exploring and inventing, devis¬ 
ing and perfecting for continued 
improvements and economies in tele¬ 
phone service. Centralized research is 
one of the reasons this country has 
always had “the most telephone ser¬ 
vice and the best at the least cost to 
the public.” 
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AMERICAN WELDING SOCIETY 

ACTIVITIES - BELATED EVEETTS 


A.S.T.M. MEETINGS 

1945 Spring Meeting, Pittsburgh, Hotel 
William Penn, Feb. 28,1946. 

A.S.T.M. Committee Week, Feb. 26 to 
Mar. 2, 1946, Pittsburgh, Hotel William 
Penn. 

1945 (Forty-Eighth) Annual Meeting, 
Buffalo, Hotel Statler, June 18 to June 22, 
1945. 

Philadelphia District—Symposium on 
Magnetic Particle Testing, Jan. 22, 1945, 
Hotel Benjamin Franklin, Philadelphia. 

New York District—Petroleum and 
Some of Its Modem Derivatives, Jan. 17. 
1945, Engineering Societies Building, 
New York. 

Philadelphia District—Symposium on 
Experimental Stress Analysts, April 12, 
1945, Franklin Institute. Philadelphia. 


BUDD HONORED 

Edward G. Budd, founder-president of 
the Edward G. Budd Manufacturing 
Company of Philadelphia, on Nov. 28th. 
was honored by the award of the A.S.M.E. 
Medal at the annual dinner of the Ameri¬ 
can Society of Mechanical Engineers held 
at the Hotel Pennsylvania. The Award 
was presented “because of his outstanding 
engineering achievements.” 

The Budd Company pioneered in the 
field of steel automobile bodies which have 
since been universally adopted. Budd also 
designed and perfected the first steel disk 
wheel for automobiles. 

Another “first” of the Budd Company 
is the Shotweld process of fabricating 
stainless steel which made possible the 
use of that metal for the building of 
streamlined railroad cars and truck trail¬ 
ers. The first streamlined, lightweight 
train on which this process was used was 
originally christened “Burlington Zephyr” 
which was completed on April 18, 1934. 
This train, now renamed the “Pioneer 
Zephyr” and generally considered by rail¬ 
road men to be the “father” of all light¬ 
weight trains, is currently making a 456- 
mile round trip daily between Lincoln and 
McCook, Neb., having covered a total of 
1,782,225 miles since going into service. 
More than 600 lightweight, Budd-built, 
stainless steel railroad passenger cars 
were put into operation before the war 
stopped production. 

According to the citation accompanying 
the A.S.M.E. Medal, Mr. Budd “was the 
leader in the construction of streamlined, 
lightweight railroad passenger trains with 


"Organization of Garage or Servi c e 
Station Using Arc Welding,” by Clarence 
McClellan, Director of Welding, McOellaa 
and Sons Super Service Station, Mcoonte- 
nie, Wis. 


NEW ACrmENE GENERATOR 
BULLETIN 

Air Reduction, manufacturer 61 welding 
equipment and gases, has issued a new 
bulletin on acetylene generators. It 
features the new Airco Type “P” Port¬ 
able Generator, incorpor a ting an “air 
lift” water circulating system and enlarged 
radiation space between the carbide hop¬ 
per and water level which eliminate t^ 
"hot belt” and provide cooler, double- 
scrubbed gas. 

The bulletin describes and illustrates 
the company's complete line of genera¬ 
tors, including portable models in 15-. 
30- and 5()-lb. sizes with 30. 60 and 100 cn. 
ft. maximum hourly productive capacity. 
Stationary models are available in 300- 
and 500-lb. sizes which deliver 300, 600 
and 1000 cu. ft. maximum hourly produc¬ 
tion. 

Copies of the bulletin, which also li«t f 
sizes and packaging of National Carbide 
for use in acetylene gas production, may 
be obtained from any Air Reduction office 
or by writing the company's general offices 
at 60 E. 42nd St., New York 17. N. Y. 


BOOKLET DEFINES RESISTANCE 
WELDING EQUIPMENT STANDARDS 

A new booklet just published by the 
Resistance Welder Manufacturers’ As¬ 
sociation, 505 Arch St., Philadelphia, Pa., 
standardizes the nomenclature, defini¬ 
tions and quality of resistance welding 
equipment. 

A chart is included giving the proper 
electrodes to be used for spot welding 
similar and dissimilar metals. 

Under Electrical Standards are tables 
of Equivalent Ratings, limits of Trans¬ 
former Temperature Rise. etc. 

Whether you are now using resistance 
welding processes or plan to use them in 
the future, the booklet is one which will 
prove decidedly useful. A copy will 
gladly be sent free on request to the Asso¬ 
ciation. 


Budd IUoMvm Award 

Robert M. Gates, President of the Ameri¬ 
can Society of Mechanical Engineers, left, 
presents the A.S.M.E. Medal to Edward G. 
Dudd, president of file Edward G. Budd 
Manufacturing Cempany of Philadelphia, 
Pa., at the annual dinner of the American 
Society of Mechanical Engineers at the 
Hotel Pennsylvania. 


their many innovations. In connectiou 
with his development of the steel auto¬ 
mobile body, be perfected the design of 
many intricate dies for forming sheet 
metal by deep-drawing.” 

The company’s plants in Philadelphia 
and Detroit are now engaged in filling 
government orders for munitions for 
every branch of the country's armed 
forces. 


SETTING UP WELDING BUSINESS 

The James F. Lincoln Arc Welding 
Foundation, Cleveland 1, Ohio, has issued 
a pamphlet, entitled “Setting Up and 
Operating a Welding Business.” 

The material comprising this pamphlet 
consists of three award-winning studies 
from Foundation award programs. Par¬ 
ticulars of the contents are as follows: 

“Developing and conducting a Com¬ 
mercial Welding or Job Shop,” by Fred 
H. Drewes, Welding Engineer, W. P. 
Thurston Co., Engineers and Contractors, 
Richmond, Va. 

“How to Use the Arc to Increase Busi¬ 
ness in the Garage," by E. W. Weinberger, 
Owner, Weinberger's Garage, Mott, N. 
Dak. ■ 
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provides sound, corrosion-resistant 
inner surface for steel heat exchanger 
shells used in oil refinery 

A welded-in all-Monel lining licks many a 
corrosion problem. Such linings are readily 
installed, as the accompanying photographs 
of a finished job illustrate. 

Pictured are two of five large steel heat ex¬ 
changer shells, lined by John Dollinger Jr., 
Inc., Beaumont, Texas, for a Gulf Coast oil 
refinery. Each shell is 34" ID x 15' 4^8" long, 
and is lined with .078" Monel sheet, plug 
welded on 6" centers. The plug welds, as well 
as joint butt welds, are done with the same 
rod ... No. 130X Monel Arc Welding elec¬ 
trodes ... giving a strong, continuous, all- 
Monel inner surface. 

The accompanying guide for welding in 
Monel linings is condensed from the INCO 
Technical Bulletin, “Welding, Brazing and 
Soft Soldering of Monel, Nickel and Inconel.” 
For a copy or copies of this 32-page booklet, 
write for BULLETIN T-2. 


STEEL HEAT EXCHANGER 
SHELLS. U" ID X 15' 4:^" 
long, lined with .078" Monel 

sheel. plug welded on 6" centers. Plug and joint butt welding 
both done with No. 150X Monel Arc V'elding electrodes, 
producing firm strong. all-Monel inner surface. Lining by 
John Dollinger, Jr.. Inc., Beaumont, Texas. 

THE INTERNATIONAL NICKEL COMPANY. INC. 
67 Wall Straat, Naw York 5. N. Y. 


NICKE 




ALLOYI 


MONEL • "K"MONn • "S" MONEL • "R" MONEL • "KR" MONEL 
INCONEL • "Z" NICKEL • NICKEL 
Sheei..Arip...Ped.,.lubing...Wir»...Cattingi...Welding Kodi (Ga§ S Cleetric) 
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TWECO CATALOG 

The New 1945 “Twecolog,” a 12'pase 
catalog, describes fully the complete line 
of cable connections for electric welding as 
manufactured by Tweco Products Co., 
English at Ida, Wichita 7, Kan. 

Items shown in the 1945 "Twecolog 
include Electrode Holders, plain and in« 
sulated. Ground Clamps, Cable Connec¬ 
tors, Machine Terminals and Cable Lugs. 
All items in the catalog are clearly de¬ 
scribed and priced. The three back pages 
of the "Twecolog” are devoted to a com¬ 
plete Quantity Price and Parts List. 
Some items are reduced in price. 

The 1945 "Twecolog” is available to 
those desiring a copy by writing the manu¬ 
facturer or through their local distributor 
of Tweco Products. 


LOW TEMPERATUEE BRAZING NEWS 

Low Temperature Brazing News No. 29 
issued by Handy & Harman, 82 Fulton 
St., New York 7, covers a subject of vital 
inte est to the thousands of plants that 
are now using silver brazing alloys. It 
points out how the preplacement of 
SIL-FOS and BASY-FLO can save time 
and money by simplifsdng and speeding 
up brazittg operations. Copy available on 
request. 


HERCULES ELECTRIC OPENS NEW 
PLANT 

The Hercules Electric and Manufac¬ 
turing Corp., manufacturers of D.-C. and 
A.-C. Welders, Transformers, Coils, Mag¬ 
netic Clamps, Solenmds, Rivet Heaters, 
Spot Welders, Fluorescent Bellasts and 
Special Controls, announces that they are 
now located in their new plant and offices 
at 2500 Atlantic Ave., Brooklyn 7, N. Y., 
where their expanded facilities will en¬ 
able them to better serve the requirements 
their trade. 


CAST METALS HANDBOOK 

Cast-Mtials Handbook, 3d revision. 
1944. Published by American Foundry- 
men's Association, 222 West Adams St., 
Chicago 6, Ill. Cloth bound, 745 pages, 
258 illustrations, 204 tables. Price S6.00. 

The 1944 edition of the A. F. A. Cast 
Metals Handbook represents a most ex¬ 
tensive revision from the previous edition 
(1940). It deals exclusively with the 
engineering properties of cast metals and 
has been prepared especially for use by 
those who design metal parts and who spe¬ 
cify or purchase case metals for industrial 
products. 

The book includes considerable infor¬ 
mation of value to designers of castings, 
showing numerous examples of specific 
structures where redesigning has made 
possible a greatly improved cast product. 


Included are recominendatioiit to buyers 
of castings that should answer many 
problems of the manufacturing purchas¬ 
ing agent. A section also is devoted to 
the significance of strength and ductility 
tests of metab, covering such tests as re¬ 
sistance to fracture, creep strength, hard¬ 
ness, static and dynamic ductility, corro¬ 
sion fatigue, wear, etc. 

Separate and extensive sections deal 
with Steel, Malleable Iron, Cast Iron, and 
the Non-ferrous Alloys, all technical data 
included having been brought up to date 
in the light of cast metab devdopment^ 
made since publication of the previou> 
edition. The book is intended for long- 
range use rather than simply to cover 
specifications made necessary by wartime 
shortages of and restrictions on metals 
However, conforming specifications (A.S 
T.M., Federal, Navy, S.A.E., A.M.S. and 
Bureau of Ships) arc shown for both fer¬ 
rous and nonferrous products. 

The Technical data given were prepared 
and approved by committees of the Ajmeri- 
can Foundrymen's Assodatioo, com¬ 
posed of many outstanding authorities 
on cast metab and foundry practices. 
Extensive bibliographies are included for 
each ot the various cast metab sectioos, 
with the many references to both Ameri¬ 
can and foreign foundry practices adding 
to the value of the book for research pur¬ 
poses. 

The new Cast Metals Handbook has long 
been recognized as a standard treatise on 



MODERNIZE YOUR FOOT OPERATED SPOT WELDER 

THE MAN WHO USES HIS HEAD GETS AHEAD 


SPOT WELDERS — 

STOP USING YOUR FEET 
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TtnOt SPOT WODEI 
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HERCULES ELECTRIC & MFC. CO. 

MANUFACTURERS OF THE PRECISION WELDER WITH THE STREAMLINED ARC 


OTHER PRODUCTS 

HAMIFACTUREO 

BY 

HERCULES 


AC-DC RECTIFIERS 
MAGNETIC ALIGNERS 
ARC WELDERS 


WRITE 

FOR LITERATURE 


2416 ATLANTIC AVENUE, BROOKLYN 33. N. Y. 
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MERCURY RECTIFIERS 

UNITED ELECTRONICS COMPANY ■ NEWARK 2, N. J. 

TrOnsm;>f/ng /ubes exclusively since 1934 
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For better and more precise control of stop-and-go currents, as 
in resistance welding, mechanical methods have given way to 
electronics. For this application the WELTRONIC Company of 
Detroit, Michigan, builds Electronic Timers and Welding Controls 
distinguished for their fine construction and efficient operation 
In the heart of these units lies the toughest proving ground of 
tube stamina. 

The rapid and instantaneous changes in load conditions im 
posed on the power tubes in this function would bring sudden 
death to tubes built to ordinary standards. Impulses up to 300 
per minute are commonplace and put the best tubes to the 
severest test. 

For this gruelling Job WELTRONIC Engineers hove standard 
ized on United Mercury Rectifiers. Their sterling workmanship, 
unusual physical ruggedness and excellent electrical design are 
the reasons underlying this preference. Built to withstand the 
continuous, severe conditions of these and other industrial ap 
plications, tubes by United are appearing more and more in 
important places. 

Where the going Is extra tough and several thousand hours 
of dependable service are essential . . . United Mercury Rectifiers 
are demonstrating their superior qualities. Get the facts about 
these better tubes today. Write for a copy of our latest catalog. 


For •ffktenf porfoimt u KO 
WoUroruc Woldmg Control 
dopond on UNITED Ivbot. 


WALLOPS 


but still these 
f tubes keep going 










the engineering usefulness of all cast met¬ 
als, and as such should be of interest and 
yalue to all mechanical, product and de^ 
signing engineers. 


SAFETY EQUIPMENT 

American Industrial Safety Equipment 
Co., 397 Bridge St., Brooklyn, N. Y., a 
division of The Burdett Oxygen Co. of 
Cleveland, Ohio, has just published its 
new catalog of "Eye Card” and "Body 
Card" products. 

This is fully illustrated and gives com¬ 
plete details about their comprehensive 
line of Goggles, Lenses, Spectacles, Res¬ 
pirators, Rubber Gloves, Asbestos Gloves, 
Helmets, Hand Shields and related items. 

Free copies of this catalog are available 
upon application to the above. 


"CORROSION" 

"Corrosion," a 54-page publication is¬ 
sued by The International Nickel Com¬ 
pany, is a convenient and comprehensive 
analysis of cmrosion principles for both 
the practical man and the technician in 
the metal Reid. It has been prepared in 
the belief that a good working knowledge 
of corrosion is the best possible means of 


securing marinmni equipment life and 
minimum maintenance costs in situations 
where this destructive process must be 
taken into consideration. 

An opening section ^plains how corro¬ 
sion processes work, and discusses all the 
known factors that influence their action: 
acidity of solution, oxidizing agents, tem¬ 
perature, agitation, films, mhibitors, sur¬ 
face conditions, stress, heat treatment, 
welding, concentration cells and galvanic 
action. These discussions dre illustrated 
with graphs, drawings and tables. 

The detailed review of testing methods 
that follows tells how service conditions 
are simulated in corrosion research. In¬ 
cluded is a description of the construction 
and use of the well-known spool-type speci¬ 
men holder for determining the compara¬ 
tive behavior of several metals and alloys 
simultaneously under actual operating 
conditions. 

The applicability of Monel, nickel and 
Inconel in various corrosive media is an¬ 
alyzed in the closing section of "Corro¬ 
sion." Tables list nearly 600 tsrpical cor¬ 
rosives in which these alloys have been 
successfully used, and report the results 
of more than 120 specific tests under va¬ 
ried conditions in 44 common corrosive 
agents. 

"Corrosion" will be sent on request to 
equipment designers, engineers or other 
met^ users, by The International Nickri 
Co., Inc., 67 WaU St., New York 6, N. Y. 


. METALS AND ALLOTS DICnONART 

Metals and Alloys Dictionary, by M. 
Merlub-Sobel, Ph.D. Over 10,000 useful 
metallurgical terms. This up-to-date 
reference work contains definitions of met¬ 
allurgical terms, composition, properties 
and uses of the important cotninercial 
alloys. It gives the physical constants and 
properties of chemical elements, descrip¬ 
tion of machinery and processes used in 
modem metallurgy, and other pertinent 
information. It is designed for the use of 
all those who want to know about the ap- 
plicattons and peculiarities of metals, 
alloys and raw materials used in met¬ 
allurgy. Published by Chemical Publish¬ 
ing Co., Inc., 26 Court St., Brooklyn, N. 
Y Price $4.50. 


OXTACETTLENE PIPE-UNZ 
INSTALLATIONS 

A new 12-page illustrated bookkt. 
"Oxyacetylene Pipe Line Installations," 
has been issued by Air Reduction, manu¬ 
facturers of industrial and rare gases and 
welding and cutting equipment. Tbe 
booklet gives a concise description of typi¬ 
cal oxyacetylene pipe-line plans for vari¬ 
ous size industrial plants. Written by 
members of Air Reduction’s Engineering 
Staff, it discusses in detail tbe advantages 
of gas piping systems for medium- and 
targe-volume users of oxygen and acetylene 




Users of acetylene gas for welding 
and cutting spent around 85 million 
dollars for acetylene in 1944. That’s 
a lot of money in anyone’s language 
—spent by the many thousands ot 
users of acetylene in cylinders. 

And if all of those users had Sight 
Feed Acetylene Generators their 
acetylene costs would have been 
reduced 50% to 75%. Yes, thdr 
savings would have averaged at 
least two-thirds—a grand total at 
over 56 million dollars saved. 

Why not order your Acetylene 
Sight Feed Generator today—and 
economize j'n ’45/ 
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GENERATOR COMPANY 


SALES: RICHMOND, IND. • FACTORY: W. ALEXANDRIA, 0. 
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Glass 

Blowing' 



A group of scientists recently designed 
a vacuum tube of great potential use¬ 
fulness. It required a long, air-tight 
column made with a large number of 
alternate rings of glass and metal, and 
conventional methods of glass blowing 
offered no promise whatever. When 
asked what could be done, Machlett 
cost aside precedent, as it often does, 
and devised a way of producing the 
"impossible" column. 

Here it is. On top of a ring of glass 
is ploced a ring of one of the special 
alloys that have the property of fusing 
with glass. Another glass ring goes on 
top of this. A high-frequency inductioit 
coil is lowered over this sandwich, heat¬ 


ing the metai so not that the glass is 
softened to exactly the right degree 
for formation of a perfect fused joint, 
when supplemented by other glass- 
working techniques. Another sandwich 
on top of the first is treated in the same 
manner, and so the column grows. 

Induction heating often makes the 
impossible practical; this is an example 
of that, and of Machlett's willingness to 
tackle baffling problems. If you have a 
vacuum tube problem (X-ray or radio) 
see Machlett. Skill of this type stands 
back of every Machlett X-ray and 
radio tube, including the one illustrated 
above .. . Machlett Laboratories, Inc., 
Springdale, Connecticut. 



Machfeff /R-250rub« for induttriol radiography 
and fluoroscopy of welds and heavy materials. 



TODAY THEIR LARGEST MAKER 
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in welding, cutting and other flame proc¬ 
esses. 

Details on pipe sizes, central depot lo¬ 
cation, station outlets, safety devices and 
other pertinent data are included. Sche¬ 
matic diagrams of'piping layouts for typi¬ 
cal plants ranging from railroad shops to 
aircraft welding departments are among 
the many interesting topics discussed. 

Free copies of the booklet may be se¬ 
cured by writing to Air Reduction, 60 
East 42nd St.. New York 17, N. Y. 


OBITUARY 

Dr. Thomas Swinden (1886-1944) 

To the deep sorrow of all who knew him, 
Dr. Swinden died suddenly while at the 
Stocksbridge Works of Messrs. Samuel 
Fox & Co. Ltd. in the early afternoon of 
Friday, Oct. 27, 1944. He left a widow 
and two sons. 

Bom in Sheffield on Aug. 15, 1886, he 
received his first schooling at the Central 
Secondary School, Sheffield, continuing 
his education at Sheffield University 
where he obtained an Associateship in 
Metallurgy in 1905, being a Mappin 
Medallist and a City & Guilds Bronze 
Medallist. Subsequently he won the 1851 
Exhibition Scholvship for the years 
1906-08, studying at Sheffield, Stock¬ 
holm and Upada. He graduated as B.- 
Met in 1907, M.Met in 1908 and D.Met in 
1913. From 1909 to 1913, Dr. Swinden 
was a Carnegie Research Scholar, winning 



Dr. Thomas Swindon 


the Carnegie Gold Medal. He was also a 
Freeman of the Cutlers’ Company. 

As to his career, after some experience 
with Dr. Longmuir in consulting practice, 
Dr. Swinden joined Samuel Fox & Co. 
Ltd. of Stocksbridge in 1909 as Chief 
Chemist, subsequently becoming Chief 
Metallurgist and later Wmks Manager 
and Director. In 1932, he relinquished 
the position of Works Manager to become 
Director of Research of The United 
Steel Companies Ltd., while still retaining 
his Directorship of Samuel Fox & Co. 


Ltd., an associate company of The L^nited 
Steel Companies Ltd. He was also a Di¬ 
rector of the Distington Hematite Iron 
Co. Ltd. and of the British Magnesite 
Corporation Ltd. 

The combination of practical experience 
in laboratory and works management and 
in steelmaking, with his scientific train¬ 
ing and bias, made Dr. Swinden an out¬ 
standing personality ideally fitted for the 
highly responsible position of Director (d 
Research. The Central Research De¬ 
partment at Stocksbridge, which was his 
headquarters, bears the hallmark of the 
care with which he planned it. It con¬ 
tains probably one of the finest sets of 
equipment to be found in an industrial lab¬ 
oratory in this country, and the same care 
was devoted to the selection of the senior 
staff, which under his guidance has be¬ 
come a most effective team. 

Fc^owing his early pioneer work on 
tungsten and molybdenum steels. Dr. 
Swinden made very many coatributious 
to technical literature, which earned for 
him the much prized distinction of the 
Bessemer Gold Medal of the Iron and 
Steel Institute, the M. C. James Gold 
Medal of the North East Coast Instituticai 
of Engineers and Shipbuilders and the Sil¬ 
ver Medal of the Institution of Marine 
Engineers. 

Dr. Swindon's activities, however, did 
not end with bis direct duties in The 
United Steel Companies Ltd. To keep 
abreast of current research and to make a 
fitting contribution to the common pool of 
knowledge, he was a member of the Iron 
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ENGINEERING 

INFORMATION ^ / 

BETTER WELDING 

This New Enginearing Bulletin contains important technical 
information that may save yon time, labor and money on 
many welding job*. Learn how to keep welding jigs free 
of spatter; how to save mill-scale cleaning time after nor¬ 
malising; how to reduce fumes; eto. etc. Contains actual 
case histories and laboratory authenticated reports. Write 
for your copy now. 

WBLPIN9 raPFLT OiminUTOItS AND MLBfMXN WANTED 

rhe MIDLAND PAINT & VARNISH CO. 


•IM RDfO AVENITE 


CLEVELAm 8, OHIO 


Reach for 

DUCTONE 

(E60n) AC (E6013) 

WELDING RODS 

Aveiloblt ogoin, af>»r »hr*« yeort of war Mrvic*. 
DUCTONE AC rods or* d*sign*d and monufoclwrtd 
•sptciolly for AC welding. It is rh* b*st rod for all 
psosition and gcnorol pwrpos* welding. DUCTONE AC 
rods have deep penetration, or* good on dirty mate¬ 
rials and operate on exceptionally low current. Small 
sites ore especiolly good for thin 
sheet metal. Excellent for verticol 



and overhead welding on DC posi¬ 
tive polarity. Extruded in ail sites 
from I 16" to 1/4".See your dealer, 
rarrirerlei AveHoOle far Ststrlfewtart 


Chicago Steel one__ ... 

tOSrd St. end Torrence Ave, 
Chicago 17, lltlneis 
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EVERY JOB IS 4A4jUti^ 



I AM CHAMPION 
BLACK DEVIL ELECTRODE 

^ USED FOR 

DOWN HAND WELDING ^ 


/ I AM CHAMPION 
GRAY DEVIL ELECTRODE 

USED STRAIGHT 
POLARITY FOR FILLET WELDS 


r r AM CHAMPION 

BLUE DEVIL ELECTRODE 

USED FOR 

VERTICAL AND OVERHEAD y 
WELDING 


CHAMPION electrodes have 
what it takes to do non*posit!on, 
flat and fillet welding quickly and 
with minimum eflFort. Many veteran 
welders know from experience that 
they can depend upon CHAMPIONS 
for quality, uniformity and all round 
satisfaction. During the year 1945 
you can make no better choice than 
CHAMPION electrodes for they 
are all the name implies. 


THE CHAMPION RIVET CO. 


11400 Harvard Avenue, Cleveland, Ohio 


WHEN YOU USE 

CHAMPION 
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Universal Timer SpeedsUp 
Welder Conversion 

Quick change-over from 
one type of resistance weld¬ 
ing to another requiring a 
different NEMA standard 
type of timing is now pos¬ 
sible by merely plugging in 
the proper Weltronic con¬ 
trol panel. Correlated de¬ 
sign of the complete range 
of weld and sequence timers 
incorporating a universal 
cabinet-and-power supply 
unit and a series of control 
panels that can be inter¬ 
changed without the use of 
tools or rewiring, permits 
the welder to be immediately 
available for any type of 
operation within its capacity. 

High dependability and 
low maintenance is pro¬ 
vided by exclusive Weltronic 
timing circuits using fewer, 
less costly tubes and the 
power supply unit that 
operates on all widely used 
service voltages. Timing ad¬ 
justments are electronically 
precise, accurately calibrated 
and protected by a remov¬ 
able, tamperproof cover. 

Ask for Bulletin No.WTT-44. 



DETROIT 19, MICH. 


and Steel Industrial Research Council, i 
Vice-President of the Iron ft Steel Insti- I 
tute, as well as a member of innumerable ' 
Joint Committees and Subcommittees of ' 
the British Iron & Steel Federation and j 
the Iron ft Steel Institute, being actualljr ; 
Chairman of the following: Heterogeneity | 
of Steel Ingots Committee, Corrosion j 
Committee, Oxygen Subcommittee (now [ 
Subcommittee on Gaseous and Nonmetal- i 
lie Inclusions), Alloy Steels Research , 
Committee and Physical Chemistry of 
Steelmaking. He was one of the founder | 
members and a member of Council of the 
new British Iron ft Steel Research Associ¬ 
ation which is to undertake the reorgani¬ 
sation of cooperative research, in the iron 
and steel industry. He was a member of | 
Council and of the Research Council of 
the Institute of Welding and Chairman of 
the Weldability of Ferrous Metals Com¬ 
mittee as well as of the Committee on 
Physical Metallurgy of Alloy Steel Weld¬ 
ing. 


GEORGE L. WILET JOINS BIG THREE 
WELDING EQUIPMENT COMPANY 

George L. Wiley, trail-blazing pioneer 
in the art of arc welding, has joined the 
Big Three Welding Equipment Co. at 
Houston, Tex., as welding consultant, it 
is announced. 

The company with offices also at Fort 
Worth, El Paso, Orange and San Antonio, 
is the Texas distributor for The Lincoln 
Electric Co., Cleveland, Ohio. 

Better known in the industry as 
"Duke," Mr. Wiley has been promoting 
the use of electric arc welding for the past 
28 yr. He was the founder of the first 
Fusion Forum, has held committee chair¬ 
manships in both the Ambrican Wbu>- 
ING SociBTY and the American Society 
for Metals and has addressed many soci¬ 
eties, universities and other groups on 
welding. He was one of the first to under¬ 
take the arc welding of oil storage tanks 
and welded steel construction of buildings. 



Gaorga L. Wilay 
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SIMPLIFIES 
POST-WELD 
HEAT CONTROL 


Eliminscing the necessiry for 
synchroQous controls fur post¬ 
heat treatment of welds, the 
new >X'elironic Model 49 Com¬ 
bination Timer-Contacior-Heat 
Control can be adapted for full 
eiearunic control of such post¬ 
weld heat treatment. Use of a 
simple exclusive interlocking 
circuit requiring no exterori 
wiring changes makes such 
control available fur the first 
time at minimum investment ^ 
and maintenance costs. 

Adaptable to virtually any 
manual, motor or air operated 
resistance welder, the simpli¬ 
fied wide range control unit 
extends the capacity of the ma¬ 
chine to meet the requirements 
of most welding process refine¬ 
ments. 

The compact wall, floor or 
machine mounted unit incor¬ 
porates the Weltronic Uni¬ 
versal I'imer with its plug-in, 
lift-out control panel inter¬ 
changeable for any NEMA 
type, Phase-Shift Heat Ck>atrol 
and Ignitron Power Contactor 
in one easy-to-install cabinet. 
Timing adjustments are tam¬ 
perproof and isolated from 
power circuits yet visable 
through a plexi-glass panel. 
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"SITTING TIGHT,” 

Look, Francisco ... here is the wherewithal to step out in front mth Arc Welding: 

THE TOOLS FOR NON-STANDPATTERS 



‘^SHIELD-ARC* WELDER 

The “Job Selector" of the Lincoln 
“Siield-Arc” Welder permits selection of 
the TYPE of welding arc ... a predeter> 
mined welding characteristic... to match 
the job. Its Current Control provides any 
desired amperage over a wide range. Both 
selectors are Self-Indicating for KNOWN 
results . . . unmatched speed» ease and 
economy of welding. The “Shield-Arc” 
is recognized the world over for its su¬ 
periority 32 ways . . . described fully in 
Bui. 412. 



“FLEETWELD** ELECTRODES 

These world favorites have been copied 
extensively as to general appearance and 
color of coating. To enable you to KNOW 
that you get the genuine “Fleetweld,” 
they now are marked with 3 GREEN 
DOTS. Look for this sign of Lincoln 
Electrodes . . . recognized the world over 
for their superiority in quality and econ¬ 
omy. Complete details and welding pro¬ 
cedures in the “Weldirectory,” Bui. 402. 




aza na&caa£ recoi^ 

ARC WELDING 
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Z-RAT INSPECTS CRTSTAL HOLDERS 

Pem Henniessy inserts a trayful of 
quartz crystal holders into the X-ray 
chamber of a NORELCO Searchray 150 
unit at the Dobbs Ferry. N. Y., p!^ of 
North American Philips Co.. Inc. These 
frequency control units are vital to the 
Armed Forces, and this quick X-ray 
check gives positive assurance that all 
holder connections are properly soldered. 



The inspection is performed quickly, 
safely and inexpensively, using factory 
personnel. One tray (96 holders) per min¬ 
ute can be put through the machine and 
radiographic cost, including film proces¬ 
sing, is less than per crystal holder. 


Lead ntunerals are radiographed with 
each tray of crystal units, thereby iden- 
tifjring each batch permanently on the 
film. 


BARR PROMOTED 

Dr. W. M. Barr, chemical and metal¬ 
lurgical engineer of the Union Pacific 
Railroad, has been promoted to the post of 
research and standards consultant for 
the road. President W. M. Jeffers, of the 
system, has announced. 

The change is effective Dec. 1st, Jeffers 
said. 

A graduate of the University of Iowa, 
Grinnell College and the University of 
Pennsylvania, Dr. Barr has been in 
charge of laboratories, water supply, in¬ 
spection, tests of materials and specifica¬ 
tions of materials for the Union Pacific. 

He has done outstanding work in the 
improvement and handling of water sup¬ 
plies for locomotives and the develop¬ 
ment of alloy-steel forgings for railway 
service, including work on high-speed 
lightweight trains. 

Dr. Barr has served as president of the 
American Society for Testing Materials. 
He tifl-o represented the Union Pacific in 
the Society for 24 yr., was a member of 
the executive committee 1934-36 and 
was vice-president of the Society the next 
2 yr., taking office as {wesident June 28, 



1940, for a I-yr. term. He is a member of 
the Amsucan Welding Society. 


AwmI IfMlIaff 

SugQosttoas ior authors o4 Anaual 
MaotTaq Papers to be preeeated at 
the Annual Meettag of the Society 
in October should be seat prompidy 
to W. Spraragen, Sec. rrognaa 
Coflsaittee, A.W.S.. 33 W. afliS SL. 
New York. N. T. 



^astian-Blessinf 


OAKITE 


4241 W. PETERSON AVE. CHICAGO 

Pioneers and Monufocturers of Precision Equipment fo 
Using and Controlling High Pressure Gases 


CLEANING 


mcimoos Ukvicc 


dHASS MAKES BULLETS 


Ri^O Gas Plant Equipment to be 
safe, must be made of brass and 

other critical metals. 
Conserve your equipment. 
mX/JFfUl 7) You may not get more. 
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SMITHway CERTIFIED ELECTRODES... made ^ welders ...for welders 



SION \I. CORPS PUOTO 


NINE LST CONTRACTORS • ALL USEO SMITHway ELECTRODES 


When nine big Midwest contractors 
tackled the gigantic landing>ships produc¬ 
tion program, there was no guesswork. All 
nine, of their own accord, chose SMITH- 
way Certified Electrodes... developed and 
proved in the huge A. O. Smith [Jants,where 
millions of SMITHway Electrodes are used 
in welding more than 50,000 tons of steel 
products a month. No other electrodes offer 
such outstanding performance proof, over a 
period of many years of mass production. 



WRITE FOR 
CATALOGI 


New steels, involving Aew welding prob¬ 
lems, are finding broader fields of appli¬ 
cation where strength with light weight is 
required. Be prep a red to make the most 
of welding as a production tool on a 
thoroughly scientific basis. SMITHway 
Certified Electrodes provide a variety of 
accurately controlled analyses for depend¬ 
able results — proved so, in our own weld¬ 
ing shops where many complex alloys are 
daily being welded in production. 


wifam Bem^'^UUCrtUa. Wo* Bomd MotUk? 

Mild Steel... High Tensile ... and Stainless Steel 


SMITHway A. C 
WoldiRO Moch (iw 

WELDING ELECTRODES 

SMITHway WoW- 

(»g Monitor trams 

saves power; 
eliminates arc 
blow. 

S A/I 1TH Corporation 

welders faster. 


miLWAUKtE • WISCONSIN • HOUSTON • TEXAS 

1 


In Conodo — JOHN INGIIS CO., lIMITfD 
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PORTABLE BAILEY BRIDGES BEING 
FABRICATED IN U. S. 

With the relaxing of strict military cen* 
sorship, it can now be revealed that the 
famous Bailey Bridge originally designed 
in England is now being prefabricated by 
several manufacturers in the United 
States. 

Credited by Field Marshall Sir Bernard 
Montgomery with much of the swiftness 
of bis successes in Tunisia, Sicily and 
Italy, the Bailey Bridge has become stand* 
ard equipment for the United States 
Army, as the ease and speed with which it 
can be assembled in the field cut delays in 
the movement of troops and equipment in 
the wake of enemy demolition. 

The units consist of adjustable struts 
appearing as a network in the photo. 
They are approximately 84 in. in length, 
and are arc welded on four sides from 
Vm in. and V4 in. plate, “boxed,” forming 
a SVirin. square with clevis bar in each 
end, and perforated with 60 pinholes for 
adjustment. 

In the foreground of the photo, which 
shows the Bridge being used in Italy, may 
be seen the transom floor beams fabricated 
by arc welding H. T. Steel. They are 18 
ft. long and 38 of them are used in each 
bridge section or span. 



V S. Corp. FkotQ, 

Coar/r}> / ht HoParl Brotketi Co . Troy, Ohio. 


STEELCRAFT 

“Steelcraft,” a 26-ft. all-steel cruiser 
which may typify the pleasiire craft of the 
future, has bera accounced by Jack 
Churchward of Churchward & Co., West 
Haven, Conn. 

“Steelcraft,” says Mr. Churchward, 
“is the outgrowth of a 12-3rr. develop¬ 
ment we have conducted in welded steel 
construction for small craft. It is the 
result of our aim to give the public at a 
reasonable price the many advantages of 
steel construction. The technological 
advances during the past few years of war 
construction have paved the way. Now 
we believe we have theanswer in ‘Steelcraft’ 
for the boat enthusiast of moderate means 
who has wanted a cruiser, speedy, stream¬ 
lined, easy-to-handle, inexpensive to buy 
and inexpensive to maintain. ‘Steelcraft’ 
is just that.” 



Buy “Proren Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTI-BORAX” 

Aakfor Them Unequalled for Quality 

A Flux for every metalt Cast Iron Wdding Flux 
No. 1} Bmsing nux No. 2{ Brax-Caat Flux No. 4t 
for brona^welding cast iron; **ABC** Aluminum 
nux No. 8 for abeet Aluminum and all aUoya of 
Aluminum; Stainleaa Steel Flux No. 9; Silver 
Solder Braaing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 

ANTI-BORAX COMPOUND COMPANY 

Fort Wayne, - 
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"You Have to 


HAND IT TO AO 



ELDER’S GLOVE 


\ 

American W Optical 

COMPANY 


for a real 


t s Gun-cut (seamless palms) with 
flat Anger seams to prevent chafing. Made of 
top quality chrome tanned cowhide, it 
stays pliable, permitting perfect control of rod 
and torch. 

Oill the nearest AO Branch Office and have a rep¬ 
resentative help you choose the proper types of 
welding gloves and mittens for your particular work. 


SOUTHBRIDGE. MASSACHUSETTS 
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The new streamlined cruiser will be 
produced in three styles—runabout, day 
cruiser sleeping two, and sedan cruiser 
sleeping four. Normally equipped with an 
85*hp. motor giving a sp^d of 20 mph., 
the cruiser may also be ^d with two mo¬ 
tors and twin screws, increasing the speed 
to 35-40 mph. 

The hull of "Steelcraft” is fabricated 
from only seven pieces of steel, welded 
and completely stress relieved. Two pieces 
form the bottom (v-type), two pieces the 
sides, one each for the deck, the chine and 
the transom. Construction has the 
strength of 4 in. of oak and yet is lighter 
than wood. Interior parts, being of steel, 
are relatively small, permitting about 
15% more usable space than wood bulls 
of the same size. 

All underwater fittings are of steel with 
the exception of the bronze ^laft and pro¬ 
peller. Electrolysis is avoided by engi¬ 
neered compensation. 

Because of her rugged construction 
"Steelcraft” is an ideal boat for the nov¬ 
ice. Her v-bottom and wide beam make 
her steady and dry. 


R. P. L PRESIDENT 

Livingston W. Houston has been elected 
president of Rensselaer Polsrtechnic In¬ 
stitute, Troy, N. Y., the country’s oldest 
college of engineering and science. A 
trustee of R.P.I. for nearly 20 years, he 
has been active in its management for 
more than 10 years as secretary, treasurer 
and executive vice-president. He was 
formerly president of the Ludlow Valve 
Manufacturing Co. of Troy, and is now 
a director and chairman of its board. He 
was graduated at R.P.I. as a mechanical 
engineer in 1913, and is a member of the 
American Society of Mechanical Engineers. 


OUTDOOR SPOT WELDING 

Already extensively used in inside manu¬ 
facturing operations, spot welding has 
now moved out of doors at The Glenn L. 
Martin Co.. Baltimore, Md., where spe¬ 
cial portable equipment was recently used 
on the flight line to attach an added 0.030 
stainless steel part to the bafiSe of the 
PBM Mariner exhaust system. 

special portable spot welder, consist¬ 
ing of a control and transformer unit and 
a hydraulically opo^ted welding gun was 
assembled by Martin welding engineers 
for this job. The control and transformer 
unit was then positioned over the airplane 
in which the welds were to be performed 
by a traveler crane, with the gun in turn 



Rg. 1—Spot Walding Gom Outdoors 

An added part is attached to the PBM Mariner exhaust system baffle on the fiiaht 
line at The Glenn L. Martin Co., Baltimore, Md., with a special portable spot welder 
assembled by Martin welding engineers from standard equipment. 



Rg. 2—Close-up of Outdoor Spot Welding 
Despite the difficulties involved, welds produced were of production quality 


ELECTRdl^Y'yn RESISTAiyfE WELDING 




Projection 


on request 


OFF 



SET HOLDER ThE ElECTROLOV Co. Inc. 1600SeAVIEV^^£. BRIDGEPORT. CoNN. WELDING ROLL 
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JRfSSfS ANO OVERHEATING 



Worn motor armofure shaft resurfaced by 
Eutectic Low TemperatureWelding complete’ 
ly avoiding worping of ihaft and preventing 
desfrucfion of windings by excessive heat. 



Heat-treated high-speed steel cutter would be sof¬ 
tened by high heat of conventiono/ welding, brazing 
and soldering methods. Repair at Eutectic low tem¬ 
peratures eliminates need for final rehardening. 


Sond metals at temperatures as low as 340** F. 
Reduce heat consumption ... cut welding costs! 


govfewithout resorting to high temperatures, 
jrou can gain the advantage of the strong 
5 Dn<fe formed by fusion welding. 

The most revolutionary welding develop- 
nent of modem times—EUTECTIC Low 
Veinperature Welding enables you to join 
netals at temperatures below the fusion points 
>f base metals eliminating many high temper¬ 
ature hazards of fusion welding and brazing. 
■ ’ 


EUTECTIC WEEDING AllOYS COMPANY • 


Eutectic welding rods and fluxes are avail¬ 
able for joining all metals by means of gas— 
arc—induction—furnace and all standard 
methods of heating. No extensive training 
or special skill is required. 

Try Eutectic for Production—Salvage and 
Maintenance welding. Get the facts about 
Eutectic now . . . Fill in the coupon or write 
on your company letterhead. 


WORTH STREET, NEW YORK 13, N.Y. ;.;^ 


3 Send me full information for purchasing jnfroc/uctory Please send me a copy of The Eutectic Catalog JKl 

jtitwtmant of important Eutecrods for Production Sal- ^ containing complete information about Eutectic Lo^v 

Mge and Maintenance welding. Temp^ratura Welding and its 6 great advantages. 


fame 


.Company. 



k 


Addtem. 










suspea4e4 from the transformer and con¬ 
trol unit. Power was supplied by a spe¬ 
cial 500-ft. cable feed, with an additional 
8 -ft. line running from the transformer and 


control to the welding gun. Snce water 
cooling was not necessary, welds per min¬ 
ute were reasonably low, vastly simplify¬ 
ing the operation. 


Although this is the first known in¬ 
stance of the outdoor use of spot-welding 
equipment, welds produced were of pro¬ 
duction quality. 


The Saga of Welded Ships 

By A. F. Davis* 



W HEN historians record the full 
story of World War II, one of the 
most stirring chapters will undoubtedly 
deal with the amazing ability of welded 
ships to withstand the terriific impacts, 
explosions and frequent fire damage to 
which they were subjected by enemy ac¬ 
tion during the crucial years of 1942 and 
1943. 

Besides actual combat service, many 
of these vessels, under emergency shipping 
conditions, had to hold up under the se¬ 
vere stresses and strains of long voy^es 
through heavy seas in all kinds of ad¬ 
verse weather conditions. 

Although a number of gallant seamen 
were lost during the height of Axis efforts 
to cut our vit^ supply lines, prominent 
naval authorities agree that the saving of 


* Vice-Prestdent, The Liooolii Electric Co., 
Clevelend. Ohio. 


an untold number of lives was undoubtedly 
due to the sound principles of ship con¬ 
struction made possible by welded design. 

Some of the most dramatic stories in 
marine history have come from the logs of 


the famous Liberty-type ships. Although 
many of these sturdy vessels have been 
blasted by torpedoes, bombed from the air 
and raked with enemy shell-fire, nearly 
all of them are still in active duty. 




TRANSFORMERS OF ALL TYPES 


WE INVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES. 


We manufacture a complete line 
of resistance spot welders from 
^ to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 



im^lUrt. Hb« tbo»« abcv* . . . ri*W 

rtnfi lih« theta balew , . . era teday reytHer 
- gritl lor our mill. " That It war prodwctiM. 
Soon, lat w( hepa, thingi af a mar# powaM 
natura will taka thair placa. 

Yew, ne dewbt, hove or teen will h«ve, 
predwttf te morkat. Theta predwctt may W 
of a deii«n thet weuld gain throwsh waWoa 
<enitrw<tlen ... far ttyla ... far ttrgnfth 
. . . lor lightneti . . . ta maka them law 
tettly te predwce. If te, ewr en«lnears and 
owr facilhlat ton tarve yew te advantage. 

Let wi leek et yewr drewlnst, Cetifldan U ol 
ef cewrte. Cat aur awetetiofit. 


THE UNtTED WELDING CO. 

MiSaUTOWN, OHIO 
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TO BUYERS OF WELDING FITTINGS 


who want what they want 
when they want it 



ve your time (maybe temper, too!) by going 
direct to the one source which has everything you 
need—your Tube Turns distributor. He handles 
the most complete line—which includes more 
than 4,000 different kinds and sizes of welding 
fittings and flanges! 

Your Tube Turns distributor is a stocking 
distributor—which means that the particular fit> 
dngs you need are most probably right there for 


spot delivery. He is a pipe and fitting specialist 
in his own right—ready, willing, and able to 
help you solve difficult problems. 

And, through the Tube Turns branch offices 
and plant, his service is backed by the nation’s 
finest group of welding fitting engineers—the 
men who originated seamless welding fittings. 
Tube-Turn seamless welding fittings were the 
first—and are still the best. 




TAAOC MAfIK 


THE COMPLETE LINE OF WELDING FITTINGS AND FLANGES 


Selected Tube Turns Distributors in every principal city ore ready 
to serve you from complete stocks. 

TUBE TURNS (Incorporated) LOUISVILLE 1, KENTUCKY. Branch 
Offices: New York, Chicago, Philadelphia, Pittsburgh, Cleveland, 
Dayton, Washington, D. C., Houston, San Francisco, Seattle, Los Angeles. 
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In evaluating these welded ships against 
the outmoded vessels of the riveted type. 
Admiral Emory S. Land, Chairman of the 
Maritime Commission, had this to say: 
“Every time a riveted ship goes into dock, 
you have a lot of repairs to do. You do not 
have them in welded ships. You do not 
have leakages. You do not have open¬ 


ings in your hulls with dozens and dozens 
of leaks, nor do you have to redrive riv¬ 
ets. Even if we have these fractured 
plates, it is not a handful compared with 
the casualties that go in riveted ships evoy 
time they go in for voyage repairs, some¬ 
thing that everybody else seems to have 
forgotten. 


“On combat damage, comporiag Lib¬ 
erty ships and others, everythinf is all in 
favor of the Liberty ships. A lot of them 
have broken into sections due to combat 
damage; in Liberty ships, the percentage 
is entirely in favOT of the Liberty because 
the riveted ships are apt to go to the bot¬ 
tom when they are b^bed or mined or 
torpedoed. It is truly remarkable the 
salvage we have obtained from these Lib¬ 
erty ships in combat damage. Never 
mind ab^t the fractures or cracks—they 
get into port.” 

The Patrick Henry, first Liberty ship to 
go into active service is one of the scores of 
vessels of this type which have substanti¬ 
ated Admiral Lud's remarks. 

Launched in September 1941 the Pat¬ 
rick Henry was subjected to numerous 
bombings and torpedo attacks on such 
dangerous routes as those to Murmansk 
and Archangel, and to Capetown and 
Suez. After 2 yr. of severe service during 
which the vessel traveled some 80.000 
miles and moved more than 76,000 tons of 
supplies to Allied war fronts, an in¬ 
spection of the Patrick Henry showed her 
to be in first-class condition and prompted 
the War Shipping Administration to 
her performance as “even better 
anticipated.” 

One of several Liberty ships that were 
torpedoed but refused to sink was the 
Anne Hutekinsan. Describing the inci¬ 
dent in a production communique to the 
builders, <>egon Shipbuilding Corp., Ad¬ 
miral Land said, “To you who built the 
SS <4N»r Hutekinsan goes credit for having 
built a sturdy Liberty ship. She took two 


Carbide 

IN THE RED DRUM 

EFFICIENT 

ECONOMICAL 

DEPENDABLE 








M B. 42nd St. 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 
National Carbide Corporation 


New York, N. Y. 


THE WELDING JOURNAL 


82 


Digitized by L^ooQle 


JANUARY 


1 









64,Type 
«TA««^S 

^ •' Types'^ 

UGHTI-ir C°'' iv,,ldi»fl ^Y,s t*S2 
T„b.lS»"'^°'‘'«A»“''^ ■ ■ • AVfS®^®“ 

-BVueL^^Xutomatooot ** ^cbig- ■ . . . 

lyp^ ,,H.. Automatic v* ^Ot>S 

arETYT-E^*^"^, 

OXY* ACETTC 

° CATWO'5 !«=■' °” ^ 


NOTICE TO 

MANUFACTURERS' AGENTS 
The R£ID-AV£RY Com¬ 
pany has a few very 
attractive territories 
open. Write for com¬ 
plete details. 


'7^ REID-AVERY COMPANY 

DUNDALK BALTIMORE 72 MARYLAND 
SINC£ 1919 PR9IVCEIS OF ARC VELDINC ElECTRORES ANO KEIBINC ROBS 
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to the hull, the superstructure beiii( en* 
ttrely (utted by fire. 

The Sun Oil Co., operators of the ship, 
told of this action in a recent letter which 
stated, “The vessel was torpedoed at the 
midship house on the port side and the 
explosion tore away the side shell platinc. 
one wing bulkhead and pierced the other 
wing bulkhead and opened approximately 
seven of the cargo tanks to the sea. How¬ 
ever, when the fire on the vessel was put 
out by the ship's officers and a salvage 
crew, the crew reboarded and after tem¬ 
porary repairs were made which permitted 
the ship to proceed under its own power, 
the vessel was placed in dry dock at Ches¬ 
ter, Pa., for tte execution of damage re¬ 
pairs. It was noteworthy in most cases 


Fig. 3—The Gaping Hole Shown in This View an 18,000-Ton Tanker Failed to 
Send Her to the Bottom. Sturi^ W^ded Design Prevented Critical Damage Despite 
Loss of Two of the ^p's Crew. (Official U. S. Navy Photo) 


torpedoes in her stride and refused to sink. 
It was on her return trip when the first 
torpedo struck in number four cargo hold. 
The explosion almost lifted the ship out 
of the water, it severed the line shaft and 
practically tore out the ship’s bottom. 
The vessel broke in half and it was only 
after being buffeted by storms that the 
after part sank. The bulkhead of the en¬ 
gine held and the forward part of the 
vessel remained afloat. Later the second 
torpedo struck in the starboard engine 
room in the way of the boiler. Three 
seamen were killed. This explosion com¬ 
pletely destroyed the starboard boiler and 
shifted the main engine from its founda¬ 
tion 10 ft. to port. Still your vessel would 
not go down, she remained in an upright 
position and was towed into port. The 
survivors said the buoyancy of the vessel 
after being sliced in two parts was amaz¬ 
ing. All of you who worked on this ship 
can feel justly proud of her. She proved 
she could take it. Keep building them 
like the Anne Hutchinson.” 

Included in the long list of all-welded 
oil tanlc ships with notable performance 
records was the motorship Pennsylvania 
Sun which has piled up a total of 606,000 
miles in voyages. This vessel was tor¬ 
pedoed in 1942 suffering extensive damage 


Fig. 4—Flames Rage Around the Big Hole Torn Amidships on the Port Side of This 
Merchant Ship Which Was Later Repaired Sufficiently to P roceed Under Her Own 
Power to Safe Waters. (Official U. S. Navy Photo) 


plates would tear in half or would depart 
from a welded joint to tear through the 
middle of the plate, the welds apparently 
showing up stronger than the steel itself 
in the plate.” 

The reliability of welded bulls is further 
emphasized in another report from the 
War Shipping Administration on the 
Robert E. Peary which sustained major 
damage on two occasions. 

The report, typical of many similar in¬ 
stances proving the ruggedness of welded 
construction, states. “In May 1943 en- 
route to the United Kingdom water was 
found in No. 3 compartment as a result 
of fractured shell plates. Damage was 
believed to be the result of depth charges, 
but this information was not confirmed. 
The vessel was drydocked and repaired 
in the United Kingdom. In December of 
1943 the vessel was involved in a colli¬ 
sion outside of Halifax, N. S. She was 
returned to Halifax for drydocking and 
repairs. Exclusive of her present voyage, 
this vessel has traveled approximately 
42.246 miles.” 

Ships such as these which exemplify the 
value of welded design and illustrate what 
an important part modem welding proc- 


Fig. 5—When Stem of the "E. H. Blum” Was Damaged, It Was Cut Away and For¬ 
ward Section Shown Here Was Towed to East Coast Port for Repairs. Salvage Made 
Possible by Rigid Welded Construction. (Official U. S. Navy Photo) 
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Tbit maHganes* brame rudder 
blade arid thafi (eat! elie- 
where) revealed a defect iihtn 
machined. The $70 casting uas 
saved from the scrap pile by 
welding with Ampco-Trode 10, 


Here is another successful ap- and successfully welds almost 
plication of Ampco*Trode, to any combination of dissimilar 
repair defects in castings of metals, giving a weld with ex* 
manganese bronze (and most cellent physical properties. Five 
other alloys) where the metal is gradesofAmpcoTrode are avail- 
subject to extreme wear or cor- able to meet your specific needs. 


rosive action. 


Ampco-Trode deposits weld 
/ metal comparable in strength, 
ductility, and hardness with the 
various grades of Ampco Metal — 


Consult your supplier or write 
for information. 


OtU OeuC *K€U& COtiflOH. 


AMPCO METAL, INC 

Otpt. WJ-1, Milwaukee 4, Wiicontin 


Please send me Ampco-l rode bnllelin and data 
Name..Position... 


sheet No. 118 


Company 


□ Home 


Address.H 


Business 


.(.) Slate. 


Another example of saving 
time, labor, and materials... 
maintaining schedules... prevent¬ 
ing costly losses... by welding with 
corrosion- and wear-resistant 


Coated Aluminum Bronze Electrodes 
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Fig. 6—Dense Column of Black Smoko Shows Where Axis Blow Struck. Despite 
Combat Damage, Ship Was Salvaged for Future Deliveries of Vit^ Cargoes. 
(Official U. S. Navy Photo) 

Fig. 7—Qos^up of a Torpedoed Liberty 
Ship After Stem Section Had Been Dam* 
aged 1^ Enemy Action at Sm. Photo 
Shows Forward Part of Ship After It Was 
Towed to Port. (Official U. S. Navy Photo) 

esses are playing in helping achieve final 
victory, were produced at the rate of more 
than 2158 hulls in the relatively short pe¬ 
riod of about 40 mo. 

It was this record which led the special 
Committee Investigating the National 
Defense Program to report that, “The 
most material departure from the method 
of construction of the original ship was in 
the use of electric welding instead of 
riveting. The adoption of assembly line 
methods and extensive prefabricating of 
parts also made possible the construction 
of a greater ntunber of ships than had ever 
' before been contemplated. 


Emplo\^ent 
Service Bulletin 

SERVICES AVAILABLE 

A'490. Fourteen years’ experieoce in 
welding field as a welder; two and ooe> 
half years as vocational instructor; three 
years welding superintendent having fuQ 
charge of estimating and procedures in 
the welding of ships and the training of 
welders. Have done a considerable 
amount of repair work on boilers, btiild* 
ings, ships, fabrication, in addition to the 
building of barges. Have statement of 
availability, with excellent references. 
Prefer a supervisory position. 

A-491. Manufacturing Eugineer who 
has theoretical and practical training and 
experience in all phases of Welding, such 
as development, design, applications, 
methods, costs, sales, and supervision, 
covering resistance, arc, oxy gas and other 
welding methods, also familiar with other 
shop operations, will consider a position as 
sales manager of welding supplies, welding 
engineer in charge or works manager. 
Position must carry heavy responsibility 
and compensation must be so based. 

POSITION VACANT 

V-152. Welding Engineers, Metallur* 
gical Engiueers. Manufacturing P roce s s 
Engineers and Designers for develt^ment 
work on automatic welding processes and 
design and construction automatic 
weldiug equipment. Location metropoli* 
tan area. 
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LESS FATIGUE. Light in weight, 17 ez.well belenced, 
streamlined, easy to handle. Makes work less tiresome. 

NO ROD WASTE. Takes rods from smallest to 1 4-in. 
Vice grip holds in all positions. No need to bend rod and 
destroy flux. Release lever provides quick and easy rod 
change-over. 

SAFER WELDING OPERATION. High-test, heat resist 
ing, eliminates accidental flashes, spoilage of work. 

All parts replaceable. 300 amps., 9 1/4-in. in length, 
reasonably priced. 

DEALERS — Several attractive territorys still open for 
distributors. Write factory for details. 

HARWORTH MANUFACTURING CO. 
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lO h oyr g of Tobin Bronzo Woldfaig 
Restores Oil Engine to Service 


Cracks in the crank case of this crude-oil 
engine spread, in spite of the use of clamps, 
until they practically encircled the casting. 

Replacement would have been costly and, 
even more important, would have involved 
downtime running into weeks or perhaps 
months. Instead, repair welding with Tobin 
Bronze* Rod was undertaken. In ten hours 
the casting was repaired, ready for reassem¬ 
bly and the resumption of its important 
function. 

More and more, as such instances of time 


and money saving pile up the evidence, in¬ 
dustries of all types and in all parts of the 
country are accepting the slogan "Don’t 
scrap it...btonze-weld it! ” Before you replace 
machinery that seems hopelessly damaged, 
consider repair welding with Tobin* Bronze 
or Anaconda* "997" Low Fuming Rods. 

■Tnda HarU Sw U. 8. Pat. Off. 

THE AMERICAN BRASS COMPANY 


StAsidiary of Anaconda Copper Mining Company 
General Offices: Waterbury 88, Coanecticuc 

In Canada; ANACONDA AMERICAN BRASS Ltd., NffU'Tormlo, Out. 

BUY WAR BONDS ... Keep buying them, Buy them for Keeps 


c^Kae(»u^ 
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Bmlding the Ledo Road Is a Success Story 

for Army Welders* 

Without their maintenance, Army caterpillars and scrapers 
and bulldozers and earth-movers and trucks would never 
have been able to win the fight against the mud and the 
rains and the jungle 


Y OU’LL be hearing more, but never 
enough, about the Army engineers 
and their fight against the jungle over in 
Biuma. Whether the Ledo Road brings 
entry into China for enough supplies to 
win the war against the Japs or whether 
that war must be won chiefly by the Navy 
and the task forces breaking through from 
the Pacific, this much is certain and clear: 

The Ledo Road is a monument to 
American engineering and American cour¬ 
age. To have built it at any time would 
be an achievement. To have built it under 
the heat of summer and the downpours of 
two monsoon seasons, with Jap planes 
overhead raising their mischief, is unbe¬ 
lievable—the more so after you see it. 

1 came down from China by C-47 and 
landed in Assam (northern India) on a 
Saturday night. Friends prevailed on me 
to spend a few days seeing the Ledo Road 
in person. So on Monday I rode four or 
five hours on a self-conscious and noisy 
little railroad now operated jointly by the 
Indians and the American GI’s. That 
put me in the town of Ledo. 

Four months of China during the sum¬ 
mer had accustomed me to mud, but there 
is no mud like Ledo. Burma has the 
greatest rainfall in the world, in some 

*Wrltten io Burma for The Lincola Blectric Co. 
t War cofTCtpondeat. 


By Fred B. Barton^ 


spots as much as 300 inches—25 FEET— 
of rain dropping within a year, and most of 
it during four hot, sticky, muddy months. 
Mud causes accidents, washouts, endless 
delays in any comer of the war. Yet the 
Ledo Road has been pushed through, foot 
by foot, despite cave-ins that have carried 
huge "cats” and trucks to destruction; 
despite mud that has sometimes made 
Army 6 x 6's* as helpless as a rowboat on 
the Sahara. It’s a job any man can be 
proud of having a part in. 

The Ledo Road is a success story for 
Army doctCM^, who have fought malaria 
and tropical diseases and all manner of 
skin infections. It is a success story for 
Army cooks, who have kept up the morale 
of our Army men in their lonely jungle 
camps where there was little do to and no 
safe place to do it. It is a success story for 
American truckers and caterpillar opera¬ 
tors, both negro and white; and of dig¬ 
gers, big scoop operators, and with them, 
repairmen of all kinds. 

But let's tell the story here briefly in 
terms of the Army welders. Step into the 
jungle workshops of the (censored) Heavy 
Shop Engineers, established as a Fifth 

* In CMC you don't know, n 0 x 6 is n huge 
GMC truck with two r«sr axles and two sets of 
rear wheels, and with power that can be applied 
to front wheels and ^ rear wheels. Hence 6 
wheels, 6 drives or, in Anar shorthand, six-by-six. 


Echelon shop, which means they have the 
personnel and the machine tools to build 
or rebuild almost an entire bulldozer, i 
you just give them the steel. Captak 
Jean Walker is away at the time, so wel 
talk to First Lieutenant Edwin J. Andet 

"Our shop covers maintenance on the 
entire Road," says Andell promptly 
"Whenever any crew gets a tit caught is 
the wringer they holler for us.” 

The shop may be moved forward soca. 
as the Road moves on to join the segmcai 
of the Burma Road now reaching Inda- 
ward from out of China. Right now it a 
at a supply center which the Press Censor 
will not permit to be named: a small Bur¬ 
mese settlement with some American 
Army barracks and shops erected out d 
tin roofing and random building materiah 
and stuck away in the ever-present jungle 
The area where the shops are located was 
not even a wide-place-in-the-road when the 
Army chiefs brought Walker and Andell 
out here, a short year ago. It was pure 
wilderness, "You asked to have your shop 
placed far enough ahead of the work so 
you’d always be in the center of things." 
said the Colonel. "Here now is your area. 
What are you waiting for?” 

They’re fairly comfortable now, thwnWt 
to American ingenuity in rigging up a 
camp kitchen that furnishes r unning hot 



fig. 1—A Portion of a Convoy on the Ledo Road. Convoys 
Contain as Many as 70 Trucks 


Fig. 2—American Aviation En^eers Repairing a Section of the Ledo 
Road After Heavy Monsoon Rains 
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fhis new 

bulletin / 


If you 

use of automatic arc 
will pay you to read this timely and 
important bulletin. 

Here is a straightforward presenta¬ 
tion of the advantages of automatic 
welding .. . also the factors to be 
considered in deciding the best 
type of equipment to use. 

Combining sound engineering 
principles and long experience^ 
this bulletin discusses the 
conditions that determine 
when to use: 


4. “Protected Arc" WeldllR 

5. “Submerged Arc" Welding 

Write for a copy of this bulletin 
today. Turn it over to your postwar 
planning committee studying new 
equipment and ways to lower manu« 
facturing costs. (If you prefer, we 
shall be glad to have a field engineer 
call... no obligation, of course.) 

UNAMATIC tor ' 

FA8TEB • BETTEB 
LOWEB COST 
ABC WELDING! 
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Fig. 3—The Welding Repair Shew. Three Welding 
Booths Are in &e mar. Jobs Overflow the Floor. 
When the Time Comes to Move Cl<»er to the New 
and Tougher Road Construction Jobs—Shops Are 
Disassembled and Loaded on Trucks Equipped lor 
Gas and Arc Welding 


Fig. 4—^Kitchen of the Mecshall. Despite Heavy Rains Water b Brought 
by Truck and Pumped in the Storage Tank Made by Welding Three 6 FU 
Culverts Together 


water (they had to make holes in pipes 
with a cutting torch and weld their T- 
joints not having taps-and-dies and plumb¬ 
ers’ equipment). They eat well too, even 
though the bulk of their food is made up 
of the Army's canned C-ration. But they 
all remember the times when food arrived 
by parachute and was limited in quantity 
and in variety. And Lieutenant Andell 
still remembers the times he and Captain 
Walker sludged through the mud for 
miles, with musette bags strapped to their 
shoulders, carrying mail for their men 
from a mail truck stuck in oceans of mud, 
a dozen miles back along the combat trail. 
They were willing to sacrifice personal 
comfort to bring the mail through, of 
course, because nothing puts heart in 
Gl-Joes as much as news from home. 

Part of this outfit’s work has been to 
help repair bridges, some of them bombed 
out by the Japs, others carried out by the 
streams—rivers here sometimes rise 9 
feet in two hours; the rainfall is often 10 
inches just overnight, and because the 
ground absorbs little moisture everything 
pours into the rivers in no time at all. 
The road engineers do the actual bridge 
building, but this heavy repair shop helps 
make the bolts, plates and fish plates. 
That is a story by itself: patching and im¬ 
provising, using scrap metal of any pos¬ 
sible kind to hold the girders together and 
let the trucks go through. (For military 
reasons nothing more than this can be 
said about bridges along the Ledo Road 
at this time.) 

But most of this shop’s activities have 
dealt with keeping tractors and caterpil¬ 
lars and road scrapers in service. Take 
the time a huge Lorain 2-yard bucket 
shovel was down with worn worm-and- 
gears and teeth worn down to the nubs. 
The thing was the biggest single piece of 
equipment on the Road. It couldn’t be 
replaced. Spare parts were 15,000 miles 
away. The job had to be boy-scouted 
back together again somehow. 

Such jobs as these make Lieutenant 
Andell say "Welding is just one of our ac¬ 
tivities, but if it weren't for the welders 
there wouldn’t be any Road.” 
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They built up the shattered teeth with 
arc welding and felt themselves lucky to 
have good welding rods. The cracked and 
worn gears they gouged out with a power 
drill and reinforced with welds. That 
took care of the emergency. 

For a time they had a steady stream of 
rush jobs on iVi- and 1-yard shovels. 
These breakdown jobs had a habit of 
popping in on them at all hours of the day 
or night, so they went to work to build up 
a reservoir of spare parts. Sometimes 
they could salvage teeth from a machine 
that had toppled down a 700-foot fill and 
been smashed. Sometimes they repaired 
parts that had been junked, or built new 
parts from scratch. But once they got a 
few parts ahead the work became easier. 
With their circulating library, so to speak, 
containing extra teeth they can service 
your Lorain or Buckeye or Bucynis-Erie 
shovel and put it back into use quickly, 
and then go to work putting a new bard- 
surface edge on your damaged part. The 
same goes for cylinder heads, and for 
track rollers—they wear out badly too in 
this mud and dust and have to be rebuilt. 

In a shop like this you throw the manu¬ 
facturer’s handbook away and do the best 
you can without spare parts. "Often the 
only thing we can do is to knock the as¬ 
sembly down and stitch the broken parts 
together by arc welding," says Lieutenant 
Andell. "If anything goes wrong we’ve 
got to disassemble it with a cutting torch, 
but even so the machine will have run an¬ 
other night without a breakdown." 

Just to show you: The average cater¬ 
pillar operator likes to make time, but if 
you push a "cat” over the road for say 
100 miles in high gear you burn out the 
transmission. The manufacturer supplies 
a safety plate to bolt over the gearshift 
which seals off high-gear and forces the 
job to travel at about 1 mile per hour. 
But anybody can unbolt the plate, so 
what good is it? Now they weld this 
guard-plate in place, forcing the operator 
to cover his 100 miles in 100 hours, sleeping 
either in a trailer or roadside camp or 
slinging a hammock inside his own ma¬ 
chine. This costs him a week's time but it 
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keeps the gears and drive shaft from over¬ 
heating. Arrived at the destination the 
"cat" undergoes a little surgery with a 
cutting-torch; but enroute its speed is 
safeguarded and kept well below fever 
heat by means of welding. 

Every GI mechanic in China-Burxna- 
lodia knows well that his outfit is depend¬ 
ent on the longest supply line in history 
and that spare parts you can get in any 
service station back home may be scarce 
as ben's teeth where he is. The Army 
doesn’t inquire into costs: it merely asks 
to have the job done quickly and properly 
and with the men and materials available 
at the time. So in a heavy repair shop 
like this the extraordinary has a way of be¬ 
coming the routine and commonplace. 

Here’s a LeToumeau 12-yard scraper, 
a rubber-tired job: you work those in 
river beds, getting out gravel. The gravel 
wears out the cutting edge. So you put in 
new ribs by welding. 

Some careless operators use their "cats" 
till they not only wear off the cutting or 
grading edge but wear into the mould 
board. Then the bolts will no longer hold. 
This shop knows bow to fiow new metal 
into the holes by arc welding. (Until a 
week before my arrival they had no metal¬ 
flowing unit. That just came.) 

Shovel booms have a way of going over 
the bank and getting broken and bent. 
So the shop hunts up scrap channel iron 
and patches them. It’s all a welding job, 
no bolts whatever. 

Similarly, pile-driver leads—where the 
hammer goes up and down—wear out 
through heavy work or get damaged by 
going over the bank. Another patch-up 
job for welding, aud make it strong and 
make it smooth! 

Along with these road-building jobs 
there are others, smaller and not so dra¬ 
matic. Take 5-ton booms, erected on the 
tail end of trucks and designed to lift 50- 
gallon drums or hoist the engine out of a 
"cat” or do any other lifting job. The 
War Department has issued some, but 
till lately not enough, so this shop made 
some of its own. That has saved a lot 
of enlisted men's backs. 
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A helpful guide to selecting the 
right Electrode for the joh 


This new chart, just off the press, contains a complete list of 
Murex Electrodes divided into four groups for quick reference; 
mild steel, special steels, stainless steels and hard surfacing. 
Electrodes are described according to AWS*ASTM class. 
Color identification, recommended current strengths, polarity, 
and physical properties are also given. In addition, there are 
brief descriptions of the electrodes’ general characteristics and 
applications. 

The chart is 24" x 37", printed in four colors. 

Copies will be sent free to those who request them on their 
company letterhead. 
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“Some orders appear small, when you 
look back through the order book, but 
were nonetheless important,” says Lieu¬ 
tenant Andell. “A unit comes in with a 
GI stove tbat is cracked and needs a weld. 
That broken part affects the comfort of 
200 men, so we fix it. Another outfit, fur¬ 
ther down the Road, asked if we could 
make them two big cake pans. We did, 
and flew the pans down to them. Were 
they happy! 

“Water tanks are an item not issued to 
us, so we take three 6-foot culverts, weld 
them together and fasten in a bottom, and 
there’s a tank holding 1200 gallons— 
enough for a fairly sizable outfit. 

“We fixed up our own kitchen too by 
welding,” he goes on. “We built a brick 
chimney and pedestal and put a SO-gallon 
steel drum over the flames and three other 
drums, sawed in half lengthwise and welded 
together at the edges and opened out flat, 
to heat water. The 50-gallon drum pro¬ 
vides a steady supply of boiled water to 
fill the men’s canteens and transfer into 
the self-cooling canvas Lister bags for 
drinking. The open half-drums hold hot 
soapy dishwater at meal time and steam¬ 
ing-hot rinse water for sterilizing the 
men’s mess kits, to cut down dysentery.’’ 
This outfit also provides hot showers for 
an hour or two each day, a luxury much 
appreciated by muscle-weary men. Lieu¬ 
tenant Andell points out that the hot 
showers cost the Army nothing, being 
made up out of scrap material and welded 
on the men's own time. 

Then there’s a sawmill unit up the 
Road, lumber of any kind except bamboo 
bashas being a serious problem here in the 
jungle. (Some of the Army’s mess halls 
at various road-maintenance points are 
made of beams and boards salvaged from 
former Chinese bridges, in use when the 
Road was just a wagon trail.) 'This lum¬ 
ber unit is made up of trained woodsmen 
from Washington and Or^on. Their Ser¬ 
geant Treat operated his own lumber mill 
and has come up with some good time- 
saving ideas for handling teak logs and 
other jungle timber. But practically all 
the outfit’s sawmills and what-not had to 
be improvised, much of it by tearing 
down something from the junk pile and 
welding it into something new. 

As long as they have the time, these 
Engineers don’t care what outfit they 
work for. Not long back a crew of fighter 
pilots had an idea they felt would make 
their pursuit ships more effective. It was 
a small gadget, and the shop’s welders 
were happy to fix it. (The Press Censor 
knocked out about 10 lines of the details.) 
“The pilots were grateful, but for our part 
we were grateful to them for keeping the 
Japs away while we work,” says Lieuten¬ 
ant Andell briefly. 

Looking around. Lieutenant Andell and 
his crew can say with pride, “There isn’t 
a power shovel on the Road can say it 
doesn’t have teeth.” He and his men 
can point to tremendous overhaul jobs 
put back into service in incredibly short 
time; they know in their hearts that when 
they get back to civilian life there won't 
be many emergencies they can’t find an 
answer for. And they have begun to find 
out some of the million uses that welding 
can be put to. 

There is another thing you notice when 
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you visit this shop. That is the spirit of 
friendliness and efficiency. Military eti- 
quet isn’t dbpensed with, but it isn’t al¬ 
lowed to get in the way. The tragedy of 
any army is its enlisted men who some¬ 
times know more about a job than do their 
officers but are prevented or discouraged 
from making suggestions or attempting 
anything original. American industry 
has profited tremendously by coaxing 
forth the suggestions of its men-in-the- 
ranks. In thb heavy repair shop, how¬ 
ever, officers and men work closdy to¬ 
gether. If a GI wdder says “I think we 
can do it this way,” the officer probably 
says “Go ahead—I’ll back you up.” 
The Army has not yet worked out any 
real merit program—a careless and de¬ 
structive driver or machine operator is 
paid just as much as is a careful one—but 
in a workshop at least you expect to find 
a measure of efficiency. And also here you 
find democracy at work without regard 
to rank or title. It’s the sort of thing you 
hope to find in any American Army work¬ 
shop, even overseas in foreign Burma un¬ 
der the heat and strain of war. 

Surprisingly enough, Ledo Road engi¬ 
neers occasionally do some repair work on 
boats and outboard motors. There are 
some swift mountain streams to cross and 
occasionally to navigate during construc¬ 
tion. Propeller blades come into contact 
with hidden rocks and the welders have 
to flow fresh brass along the edges and 
then grind the blades smooth. Here again 
there will be more to tell when the censors 
relax with their scissors and blue pencils. 

Their big problem is not bow to overhaul 
and repair. The big problem is spare 
parts and steel. 

Under Lend-Lease (which was never 
written by the GI's, or for the benefit 
GI's) our Army overseas buys native 
steel. Maybe Indian steel stacks up all 
right on paper, but it doesn’t have the 
stuff. "The tensile strength, measured by 
S.A.E., is nowhere near our American 
standards,” says Lieutenant Andell. "In 
fact, they have no way of grading. It’s 
just iron pr it’s just steel. Some of it is 
brittle, like glass. We can’t use it.” 

So they’re willing to go to hours of 
trouble to cut up a ruined British Brengun 
carrier or, prize haul of all, a General 
Sherman tank. Wasteful though they 
know it to be, they are willing to turn 
down a 6-inch shaft to make a IVt-inch 
part when that part demands tool-steel 
hardness and trueness. 

In the first critical months the welders 
of this repair shop were afoot half the 
time, carving armorplate out of aban¬ 
doned tanks—abandoned because shot up. 
(Lieutenant Andell has his eye on four 
distressed Brenguns now, but they’ve 
been under four feet of water and could 
not be handled till the big rains quit.) 
Salvaged steel kept the first of the Road’s 
rock crushers in operation when these es¬ 
sential machines had shaken themselves to 
pieces through overwork and no spare 
parts were available. 

Salvaging is tedious business, but they 
figure it still saves time as against setting 
up a foundry and making molds and pour¬ 
ing the needed part, even if you could be 
sure of obtaining the right mix. And, of 
course, they get better steel. So they 
tell you pridefuUy they have within 10 
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months issued nearly 27,000 reclaimed 
parts—and right there they have saved 
the buyers of war bonds many millions of 
dollars and saved months of time in keep¬ 
ing the war drive moving forward against 
the Japs. 

One replacement problem is sddom 
mentioned, for fear of someone losing face. 
That is the matter of new machinery ar¬ 
riving with important parts “missing.” 
Trucks without carburetors, for instance. 
Thb sort thing grows better daily as 
GI’s take over more and more of the hand¬ 
ling of America's goods-of-war with their 
own railroad battalions. But supplies 
are still a problem, and always will be 
in China and Burma. Air shipment all 
the way from the States is out of the 
question for such items as machine tools. 
What arrives by boat at Calcutta or Bom¬ 
bay is trans-shipped three or four times 
on various Indian railroads, changing 
from wide gage to narrow gage and to 
ferryboat and back to narrow gage. Things 
sometimes disappear, and usually the part 
or parts most needed. 

But this outfit plugs along, trying to do 
a job and not moralize too much about 
the mistakes of other people. They have 
their job to do: a job they volunteered for 
and came overseas as a unit to handle. 
This Engineers heavy repair shop is made 
up of shopmen from the Caterpillar 'Trac¬ 
tor Company at Peoria, III. Their camp 
overseas is named “Little Peoria.” When 
the call went out in the f«:tory 1200 men 
volunteered. Only a portion could be 
taken, so the officers in charge skimmed 
the cream, selecting men with proved shop 
experience plus cheerful and adaptable 
personalities. Since the unit has been 
overseas over 60 of the enlbted men have 
turned down chances at OCS (Officers’ 
Candidate School). Captain W^ker, for 
his part, has steadfastly refused promo¬ 
tion to Major so he could stay. 

Back home the wives and sweethearts 
have set up a Women’s Auxiliary. Any 
uews sent home quickly becomes neighbor¬ 
hood property. 

Oddly enough, although located in the 
wilderness and living for a long time on 
rations dropped from the air, these En¬ 
gineers keep themselves clean-shaven and 
reasonably neat. Neat for muddy Burma, 
that is. (And during the dry season the 
mud becomes dust. Joe E. Brown, the 
comedian, told General Lewis W. Pick 
that “this is the finest road I ever tasted.’’) 
But the men don’t complain about the 
mud or the dust. They turn out the 
work. All they want to do is to finish the 
Ledo Road and hook up with the Burma 
Road out of China, and let it perform 
whatever military function the Army 
leaders plan for it, so they can go back 
home. They’re an earnest, willing, work¬ 
ing lot of men and they don’t like to see 
their efforts wasted. You and I, watching 
them rebuilding their heavy machinery 
with the scrap steel of war, agree with 
them that what they have done is so tre¬ 
mendous that it will be God’s pity if it 
has been done needlessly, or in the wrong 
place, or at the wrong time. The Army’s 
campaign in Burma needs to succeed, if 
only to make good with the GI’s who have 
built their lives into America’s 1945 mas¬ 
terpiece, the 220-mile 61,000.000-a-mile 
Ledo Road. 
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BOSTON 

"Furnace Brazing" was discussed by 
H. M. Webber, Industrial Heating Divi¬ 
sion, General Electric Co., at the Decem¬ 
ber 11th meeting of the Boston Section. 
Using Kodachrome illustrations, he de¬ 
scribed typical applications of furnace 
brazing, methods of supporting assemblies 
in the furnace and the types of equipment 
available. Mr. Webber has been con¬ 
nected with the Industrial Heating Divi¬ 
sion of General Electric Co. for sixteen 
years as an application engineer, specializ¬ 
ing in controlled atmosphere fiimace ap¬ 
plications, with particular emphasis on 
electric furnace brazing. 

Subjects for the remaining meetings of 
the season are: 

Jan. 8th—A “New Oxyacetylene De¬ 
velopment." 

Feb. 12th—“Welding of Stainless Steel;" 
“Tempil* Products and Their Ap¬ 
plications." 

March 12th—"Welding in the Post- 
War World." 

April 9th—"Magnaflux Testing of 
W elds; ’ ’ “Electrodes. ’ ’ 

CHATTANOOGA 

The December meeting of the Chatta¬ 
nooga Section of the American Welding 
S ociBTY was addressed by L. G. Pick- 
haver, Welding Engineer, of the General 
Electric Co., Chicago, Dec. 8,1944, on the 
subject "Atomic Hydrogen Arc Welding." 
The meeting was held in the auditorium 
of the Electric Power Board B uilding 
where the acoustics and facilities were 
perfect for the tgllc as well as the showing 
of the speaker’s slides and the colored 
sound movie entitled "Atomic Hydrogen 
Welding." 

In addition to his talk upon atomic 
hydrogen arc welding, Mr. Pickhaver also 
covered the gas-shielded arc-welding proc¬ 
esses using either argon and helium as the 
protective agents. Samples of welding 
done by the various methods were shown 
the group and explanation given upon the 
procedures utilized. 

Approximately 22 members and their 
guests gave careful attention to the ad¬ 
dress as was evidenced by the lively ques¬ 
tion and answer period that followed. 

In the absence of the section chairman, 
Justin Brown, the meeting was conducted 
by R. G. Wilson, Secretary and Treasurer 
of the local group, and the speaker was 
introduced by Past-Chairman Pembroke 
Leach. 

Considerable interest was expressed 
in the meeting scheduled for January when 
John B. Tinnon, Vice-President of Metal 
and Thermit Corp. will talk on "Thermit 
Welding." 

CHICAGO 

The third meeting of the Chicago Sec¬ 


tion, American Welding SoasTV, for the 
1944-45 season was held November 17tb. 
The meeting was opened with a showing of 
a new movie on a.-c. welding entitled 
"The Story of A.-C. Welding." 

The speaker of the evening was R. D. 
McComb, General Electric Co., Schenec¬ 
tady, who spoke on the subject "Electronic 
Controls for Resistance, Arc and Gas 
Welding Applications." In a highly in¬ 
formative talk couched in nontechnical 
language Mr. McComb pointed out the 
many possible applications of electronic 
controls in the fields of resistance, arc and 
gas welding as well as for flame cutting. 
In addition, illustrations were given of 
the other uses to which electronic controls 
are being put these days. The speaker 
particularly emphasized the importance 
of electronic controls in resistance welding 
and in automatic arc-welding applica¬ 
tions. Without such controls it would be 
impossible to overcome many of the dif¬ 
ficulties which would otherwise confront 
the users of these welding processes. Fol¬ 
lowing this readily understood la 3 rman’s 
explanation of electronic controls there 
was an interesting discussion period which 
dealt with the more technical phases of the 
use of these controls in welding. 

CINCINNATI 

The Cincinnati Section held their regu¬ 
lar monthly meeting at the Engineers 
Club, December 5th. 

The meeting was very well attended and 
those in attendance listened with interest 
to the talk that Frank Thompson, Jr., 
of the Thompson Engineering Co., Hono¬ 
lulu, gave on his subject of “Underwater 
Cutting and Salvage Operations at Pearl 
Harbor.” 

Mr. Thompson was born and reared in 
Honolulu, attending college in this coun¬ 
try, and quite naturally an authority on 
the modes of living of the inhabitants, 
their form of government, the principal 
products these islands produce, and the 
very important part that welding and 
cutting of metals play in the everyday 
life of this group of islands. 

He gradually led up to the fatal day of 
Dec. 7, 1941, when the Japs struck Pearl 
Harbor and left thinking they had sunk 
the entire Pacific fleet. "But,” says Mr. 
Thompson, "they did not reckon with the 
fight and determination we had in us, and 
rescue work and salvaging went speedily 
forward, and with the aid of underwater 
cutting torches and electric welding, we 
have raised up those ships and are giving 
the Japs a dose of their own medicine." 

The January meeting of the Cincinnati 
Section will be held at the Cincinnati 
Milling Machine Co. Plant inspection is 
to be followed with the regular meeting 
and buffet lunch. 

The following officers have been elected 
by the Cincinnati Section: Chairman, 
George A. Jacoby; Vice-Chairman. Rowan 


Gilbreath; Treasurer, Ernest F. Cahn; 
Secretary, Larry E. Siennan. 

CLEVELAND 

“Hard Facing” was the subject of a 
talk by Tom J. Crawford, Youngstown, 
Ohio, consulting engineer, when he spoke 
before the Cleveland Section meeting 
December 13th. at the Cleveland Engi¬ 
neering Society Building. 

Mr. Crawford, formerly with the Re¬ 
public Steel Corp., in chcu'ge of research 
and development, gave a very practical 
job application discussion of hard facing 
with particular reference to applications 
in steel mills. 

A buffet lunch was served after the 
meeting, continuing for the second time 
an idea which was staged very successfully 
at one of the programs of ^e preceding 
year. 

A hard-working membership committee 
has brought in 17 new members diuing the 
last month and they are continuing their 
exceUent efforts to increase the size of the 
Cleveland Section. 

The Cleveland Section is looking for¬ 
ward with interest and anticipation to the 
establishing of a new section of the 
American Welding Society in Erie, Pa. 
It is understood that plans are being 
made for the organization of such a sec¬ 
tion. 

COLUMBUS 

The November meeting of the Colum¬ 
bus Section held on the 14th was a joint 
meeting with the American Society for 
Metals. Dr. C. C. Furnas, Director of 
Research, Curtiss-Wright Corp., Buffalo, 
N. Y., spoke on the subject “Next Twenty- 
five Years in Aviation." 

The December meeting held on the 
, 8th at the Southern Hotel, was addressed 
by L. A. Kotrascheck of the Picker X- 
Ray Corp., who spoke on “X-Ray Exami- 
nationof Welds." A film, "Engineering X- 
Ray Inspection," was shown through the 
courtesy of the U. S. Dept, of Education. 

Meetings of the Columbus Section 
scheduled for the remainder of the season 
are: 

Jan. 12th—at Battelle Memorial Insti¬ 
tute, " Development of Pressure Weld¬ 
ing," by Dean C. E. MacQuigg, 
O.S.U.; Film, "Pressure Welding." 

Feb. 9th—Dinner Meeting at Southern 
Hotel; National Cylinder Gas Co.; 
"Why Different Types of Electrode 
Coatings," by R. E. Long, Chief 
Engineer, National Cylinder Gas Co., 
Hollup Corp. 

March 9th—Dinner Meeting at South¬ 
ern Hotel; “Multi Arc Welding of 
Aluminum Alloys," by C. D. Steward, 
Curtiss-Wright. 

April 13th'—Dinner Meeting at South¬ 
ern Hotel; "Welding in the Postwar 
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World,” by T. B. Jefferson, Editor, 
The Welding Engineer. 

May 11th—Film, "Aircraft Welding,” 
by U. S. Navy; Entertainment; 
place to be announced later. 

On all above dinner meetings, please 
make reservations with Secretary of Sec¬ 
tion. Technical sessions start promptly 
at 8:00 P.M.; dinner promptly at 6:45 
P.M. 

DETROIT 

A s 3 rmposium on resistance welding 
of heavy sections attracted a large turn¬ 
out of members of the Detroit Section to 
the Rackham Memorial Bldg., on Decem¬ 
ber 1st. Speakers were Mario Sciaky, 
of Sciaky Bros., Chicago, and C. F. Leath¬ 
ers of Progressive Welder Co., Detroit. 
A number of members of the Cleveland 
Section, together with national officers, 
attended as guests. 

The Sciaky balanced three-phase supply 
circuit was discussed in detail by the first 
speaker. He outlined the advantages of a 
system of power feeding which starts with 
high pressure combined with low voltage 
to reduce the surface; and continues in 
phases of high pressure and high current, 
high current and low pressure, then re¬ 
duced current with resumed high pressure. 
Wiring setups on slides described the 
hookups of three-phase welding. 

Mr. Leathers pointed out that storage 
battery welders, such as are produced by 
his company, can function on current 
from an ordinary power line or from a 
small generator set operating through a 
rectifier. Mr. Leathers, like Mr. Sciaky, 
showed a number of slides demonstrating 
adequate resistance welding of medium 
and heavy sections of steel. A spirited 
discussion followed the talks. A bat¬ 
tery welder of Progressive Welder Co., 
on the stage of the auditorium, was used to 
demonstrate this new technique in weld¬ 
ing. 

KANSAS CITY 

The December meeting of the Kansas 
City Section was held on Tuesday, the 
12th, in the Pine Room at the Union 
Station. Dinner was served at 6:30 and 
the meeting was called at 8:00. The 
speaker was M. C. Robbins of Handy 
and Harman. Mr. Robbins spoke on 
"Low Temperature Brazing,” which was 
followed by a discussion period. 

T. B. Jefferson, Editor of The Welding 
Engineer, spoke on "Welding in the 
Postwar World” at the November 21st 
meeting held in Fred Harvey’s Pine 
Room, Union Station. Discussion fol¬ 
lowed. 

F. L. Goldsby of the Chicago Bridge 
and Iron Co. gave a very interesting talk, 
entitled "Design for Welding” at the 
October 24th meeting. He emphasized 
the general points of designing which are 
so often overlooked. 

LEHIGH VALLEY 

The Lehigh Valley Section’s regular 
monthly meeting, which was a joint 
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meeting with the Lehigh Valley Chapter 
of the American Society for Metals, was 
held at the Hotel Bethlehem on December 
4th. 

The seventy members and friends 
present at the dinner heard a timely and 
interesting dinner talk by Prof. P. B. 
Eaton of Lafayette College. Prof. Eaton 
has recently returned from the Far East 
and spoke on "Our Ally, China.” The 
speaker emphasized that China is fight¬ 
ing valiantly in spite of her meager equip¬ 
ment and supplies. 

Prof. Eaton predicted that by July 1, 
1945, the Unit^ States will have estab¬ 
lished bases on the China coast and the 
final defeat of the Japs will be accom¬ 
plished by American Air Power and Chi¬ 
nese Infantry. Also, the foundation for 
peace and security in the postwar world 
is dependent on friendly relations be¬ 
tween the United States and China. 

The technical session, presided over by 
Chairman J. W. Kenworthy was attended 
by 150 persons. Dr. R. D. Stout of 
Lehigh University, whose work on welda¬ 
bility research is well known, spoke on 
"Ductility of the Weldment in the Heat- 
Affected Zone.” 

Dr. Stout pointed out that in high- 
carbon and low-alloy steel, embrittlement 
of the weldment in the heat-affected zone 
may become serious. The degree of em¬ 
brittlement is dependent upon the cooling 
rate of the weldment and the cooling rate 
is dependent upon the heat input, the 
initial temperature and the joint design. 

Dr. Stout also explained the use of the 
Jominy bar and the notch bend test as an 
index of the ductility of weldments. Dur¬ 
ing the lively discussion which followed 
Dr. Stout's talk, it was pointed out that 
much data need be gathered on the degree 
of ductility which a safe structure re¬ 
quires. 

The next meeting which will be a panel 
discussion will be held in the Hotel 
Bethlehem on Feb. 5, 1945. H. O. Hill 
of the Bethlehem Steel Co. will be the 
moderator for this discussion. 


LOUISVILLE 

The November Panel Meeting with an 
address by E. F. Schulz, Supervisor of 
Welding and Cutting, L & N Railroad 
Co., was well attended and Mr. Schulz's 
subject, "Railroad Welding,” was highly 
enlightening and instructive. We made 
an especial appeal to the welding operator, 
leadman, foreman, supervisor and super¬ 
intendents to bring wdding problems and 
"headaches” as they occur to the meet¬ 
ings for discussion and possible solution. 
Also the members were encouraged to 
write down "knotty ones” on a form pro¬ 
vided for the occasion for study and 
analysis. Floor discussions followed. 

A color-sound-film "Vacation in Ad¬ 
venture Land,” Glacier National Park, 
proved its worth and rounded out a well- 
balanced program. The film was made 
possible by the courtesy of Charles W. 
Moore, Advertising Department, Great 
Northern Railway Co., St. Paul, Minn. 

"Welding in the Postwar World” as 
presented by T. B, Jefferson, Editor, 
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Ths Welding Engineer, Chicago, was wcO 
received and acclaimed by an apprecia¬ 
tive audience of some 125 members on 
Tuesday. Nov. 28, 1944. This dinner 
meeting marked the close of our Section's 
Social Activities for the ourent year, we 
having passed the "December Dinner 
Date” for the members' other personal 
diversions. 'This "fill the Christmas 
stocking” and the "New Years' Resolu¬ 
tions” period will be followed by our 
Jan. 22,1945, meeting. 

Some of our "heavy-thinking” mem¬ 
bers voiced the opinion that our -Aksu- 
CAN Wblding Society child—bad been 
too dressed-up and possibly a little high- 
hat on occasions so we added entertain¬ 
ment. The Mivelaz Orchestra played 
dinner music acceptably in "welding¬ 
airing” us and, the appropriately dressed 
Twin Sisters, who are welders, sang in 
good time, rhyme and motion. They 
were billed as "Irene and Corene: The 
Singing Welding Twins.” Before Mr. 
Jefferson's talk which headlined this 
affair, James A. Yonder, local Humorist 
and Monologist took over with telling 
effect. In summation: The change-over 
really went over. 

Mr. Jefferson was presented "A Cer¬ 
tificate of Appreciation” appropriately 
framed for wall decoration by Theodore 
Lewis, Chairman. 

MILWAUKEE 

The regular monthly meeting of the 
Milwaukee Section was held on November 
17th at the Ambassador Hotel. Dinner 
at 6:45 preceded the meeting at 8:30. 
S. I. Rochwite of David White Co., gave 
an after dinner talk on the subject: 
"Stereo—Three Dimensional Pictures.” 

The Welding Address was presented by 
Arthur Schwarz of the John Nooter Boiler 
Works Co., St. Louis, Mo. Mr. Schwarz’s 
subject was on "Problems in Fabricating 
Alloy Equipment.” 

NEW JERSEY 

The November meeting of the New 
Jersey Section was held on the 21st at the 
Essex House, Newark, N. J. Dinner at 
6:30 preceded the program. An "Infor¬ 
mation Please Session,” with A. B. Kime 
of the Federal Shipbuilding and Dry 
Dock Co., as chairman, was held between 
7:45and8:15P.M. 

Two illustrated talks, one on "Con¬ 
trolled Atmosphere Furnace Brazing” by 
A. K. Phillippi of the Westinghouse Elec. 
& Mfg. Co., Springfield, Mass., and "Low 
Temperature Joining” by C. E. Swift of 
the Eutectic Welding Alloys Co., New 
York City, were presented. 

Mr. Phillippi’s talk covered various 
types of equipment used in furnace braz¬ 
ing as well as the methods of procuring 
the various atmospheres and the necessi¬ 
ties of these atmospheres. 

Mr. Swift's talk covered the theory of 
low-temperature welding. 

The December meeting held on the 19th 
at the Essex House, Newark, was as usual, 
preceded by dinner at 6:30 P.M. The 
"Information Please” Session, with C. 
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Hansen of Uie Foster Wheeler Corp., as 
chairman, was held between 7:46 and 
8:16 P.M. 

A film “Synthetic Rubber” was shown 
and was followed by a talk by E. J. Well- 
auer. Supervisor of Research and Metal¬ 
lurgy for The Falk Corp., Milwaukee. 
Mr. Wellauer’s talk covered the engineer- 
ing and metallurgical properties of cast 
steel suitable for welding; the factors of 
design and specification required to insure 
satisfactory castings for welding and the 
economies of steel castings for weld¬ 
ments including typical examples. 

HEW TORE 

The regular monthly technical meet¬ 
ing of the New York S^tion was held on 
Tuesday. Dec. 12tfa, at the Engineering 
Societies Building. Mr. William Sprara- 
gen, Editor of Thb Welding Journal, 
presided as Technical Chairman. 

The New York Section tried a type of 
meeting which for that section at least 
was an innovation and experiment. The 
enthusiastic reception of those in attend¬ 
ance warrants the recording of this idea 
for possible use by other sections. The 
general plan was to bring a review of the 
highlights of the Annual Meeting in 
Cleveland in October to the local section 
membership. The 58 papers that were 
presented at the Annual Meeting were 
broken down according to processes in 
the following four groups: arc welding, 
gas welding and cutting, resistance weld¬ 
ing, scientific and metallurgical. High¬ 
lights of other papers that did not fit too 
well into these groups were (x>vered by 
the general chairman who also led the dis¬ 
cussion and introduced the speakers. 

The speakers who covered the four 
groups were as foUows: Prof. O. H. Henry, 
Brooklyn Polytechnic Institute; H. O. 
Klinke, Air Reduction Sales Co.; H. B. 
Axtel, Taylor-Winfield Corp.; C. J. 
Burch, The Linde Air Products Co. 

All of the speakers had heard most of 
the Annual Meeting papers which they 
discussed. Their presentation was in the 
form of a digest or abstract of the infor¬ 
mation, rather than mere repeating of 
statements or paragraphs horn the origi¬ 
nals. Credit to the original author or 
authors was given but the presentation 
was so conducted that the audience had 
the feeling that the speaker was familiar 
with the subject and therefore was in a 
position to discuss it with authority. This 
seemingly tmimportant refinement actu¬ 
ally contributed in targe measure to the 
success of the meeting. 

The general basic theme of the research 
papers dealt with the effect of the metal¬ 
lurgical and physical conditions of the 
weld metal and adjacent base metal on 
the subsequent behavior of the final as¬ 
sembly when in actual service. Prof. 
Henry covered in a brief way some of the 
specific problems, the method of attack 
and the results obtained. 

The papers presented on arc welding 
seemed to Mr. Klinke to emphasize three 
outstanding points: quality and cost 
control of the arc-welding process; multi¬ 
arc welding of the high-strength alumi¬ 
num alloys; and procedure control of 


welding in shipbuilding. He showed how 
these have developed during the war 
period and discussed their possible post¬ 
war effects. 

Important developments in resistance 
welding that Mr. Axtell discussed included 
the first detailed description of the method 
of preforming spot welder electrodes for 
greater service life. The subjects of 
equipment innovations and flash-butt 
welding rounded out Mr. Axtell’s discus¬ 
sion. 

Among the significant developments in 
the oxyacetylene process which Mr. Burch 
touched on were; solid phase welding 
and its applications; a rational approach 
to heavy cutting; unusual applications of 
gas cutting to achieve accuracy and econ¬ 
omy; and expansion of the welding proc¬ 
ess to aid in steel mill maintenance. 

All of the si>eakers did a commendable 
job in covering their respective subjects, 
resulting in a meeting that was so loaded 
with interesting practical information 
that the question and answer session had 
to be brought to a close by Chairman 
Spraragen after nearly an hour of ani¬ 
mated discussion. The actual presenta¬ 
tion of the papers consumed about one 
hour and 15 minutes and the informal part 
extended a considerable period after that, 
in spite of the length of the formal part of 
the meeting. 

NORTHERN NEW TORE 

The regular meetings of the Northern 
New Ycu’k Section for the next few months 
are as foUows: 

Jan. 26—“Experimental Stress Analysis 
Applied to Welding,” by H. R. Senn- 
strom, Supt., Applied Mechanics & 
Electronics, Research Laboratory, 
American Locomotive Co. 

March 1st—General meeting of coordi¬ 
nated Societies; The “Duck,” by 
J. M. Diebold, Welding Engineer, 
General Motors Corp., GMC Truck & 
Coach Division. 

March 22nd—“Welding Aluminum and 
Magnesium,” by G. O. Hoglund, 
Engineer, Aluminum Co. of America. 

April 26th—Resistance Welding (sub¬ 
ject to be announced later), by G. N. 
Sieger, President & General Manager, 
S.M.S. Corp. 

NORTHWEST 

The regular monthly meeting of the 
Northwest Section was held on December 
6th at Coffman Memorial Union, Univer¬ 
sity of Minnesota. R. F. Hdmkamp, 
Service Engineer, Applied Engineering 
Dept., Air Reduction Sales Co., New York, 
spoke on “Recent Developments in Ma¬ 
chine Gas Cutting.” 

OKLAHOMA CITY 

A meeting was held on Friday, Dec. 1, 
1944, at 8:00 P.M., BUtmore Hotel. 
The guest speaker was T. B. Jefferson, 
Editor, The Welding Engineer, Chicago, 
Ill. The subject of Mr. Jefferson's ad¬ 
dress was “Welding in the Postwar 
World.” 

Mr. Jefferson discussed step by step 
the vast expansion in the welding indus¬ 


try during the war period and the pos¬ 
sibilities of the industry remaining big 
business in the postwar era. Three 
major problems will face the welding 
industry following the war: (1) jobs; 

(2) production; (3) taxes. 

Following Mr. Jefferson’s principal ad¬ 
dress he discussed the highlights of his 
experience as Assistant Plant Engineer 
with the U. S. Array Engineers on the 
$120,000,000 Fort Peck, Montana, Dam 
Project. 

His address was preceded by a recent 
motion picture release by the Harnisch- 
feger Co*!)., entitled “Welding Horizons.” 

Preceding the meeting, the speaker 
was guest at a dinner given by the OfiScers 
and Executive Committee of the Okla¬ 
homa City Section. W. S. Gleason was 
appointed to serve the unexpired term as 
Membership Chairman of J. S. Cook who 
recently resigned. 

The next regular meeting was held on 
December 14th, at which time we had 
as our guest speaker M. C. Robbins, 
Handy & Harman, Chicago, Ill., whose 
subject as “Low Temperature Brazing.” 

PASCAGOULA 

The American Welding Society held 
its monthly meeting at the USO Hall. 
Tuesday evening, Oct. 31st. This was 
an open meeting attended by eighty-five 
members and guests of the organization. 
The recently formed Pascagoula Section of 
the American Welding SoasTv has 
grown rapidly. All members are en¬ 
thusiastically backing the club 100%. 

The open meeting Tuesday evening 
was a dinner gathering at which LaMotte 
Grover, welding engineer from the Air 
Reduction Co., was guest of honor and 
speaker of the evening. A delicious 
chicken dinner was served, after which 
the meeting was called to order. Welding 
Superintendent W. B. Bowen, chairman, 
opened the meeting by introducing Milton 
Forman, secretary and treasurer of the 
Pascagoula Section, who gave a brief 
talk on the "Prospectives of the Pasca¬ 
goula Section of A.W.S.” 

R. H. Macy, Ingalls planning engineer 
and chairman of the program committee, 
announced future programs to take place 
in the next two months, stating guest 
speakers will be alternated by having a 
local person one month and a visiting 
speaker the next. Mr. Forman spoke at 
the last meeting, which was held Tuesday, 
November 28th. His talk was on “Ship¬ 
fitting.” 

W. R. Guest, Ingalls executive vice- 
president, was then introduced, and six>ke 
briefly on the interest and backing which 
will be given the A.W.S. by the Ingalls 
Company, and also announced that the 
company had taken a sustained member¬ 
ship in the organization. He also said 
he was glad to see such a large turnout 
and hoped the total membership would 
soon reach one hundred, and the growth 
of the organization had been remarkable. 
After all, it should be, for it has grown 
out bf a group of men from an all-welded 
shipyard. 

A. M. Swigert, Ingalls works manager. 
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stated he was glad to be amoog those 
present, and expressed bis pleasure at see¬ 
ing the organisation progressing so suc¬ 
cessfully. Mr. Swigert then introduced 
Lamotte Grover, who spoke on “Gas 
Cutting and Welding in %ip Construc¬ 
tion.’' Mr. Grover gave a well-planned 
illustrated talk, both from a technical 
and nontechnical viewpoint, which fitted 
the mixed members of the group. After 
the talk a discussion was held, in which 
Mr. Grover answered questions pertaining 
to welding problems. The meeting was a 
satisfactory one acccH’ding to the commit¬ 
tee of the A.W.S. 

PHILADELFHIA 

The third regular meeting of the season 
of the Philadelphia Section was held on 
November 20th at the Engineers’ Club. 
A. Amerikian, Engr., Bureau of Yards and 
Docks U. S. Navy, spoke on the subject 
“Structural Engineering and Welding.” 

PinSBURGH 

Nearly 150 members and guests heard 
Frank E. Thompson, Jr. of the Thompson 
Engineering Co., Grand Rapids, Mkh., 
give a most interesting talk on the "Sal¬ 
vage Operations at Pearl Harbor on and 
after Dec. 7, 1941,” Wednesday night, 
November 15th.-in the Mellon Institute. 

While not permitted to show motion 
pictures of the havoc wrought and the 
ways and means used to repair and replace 
the damage, Mr. Thompson gave a very 
clear word pictiue of the entire operation, 
including both civilian and military prob¬ 
lems encountered before and after the 
country was plunged into war. 

Description of the unique applications 
of under-water welding and cutting inter¬ 
ested all those present and on completion 
of his talk Mr. Thompson was highly 
complimented. 

Following the usual custom of the 
Pittsburgh Section no regular meeting 
was schediUed for December. However, 
the next meeting Jan. 17, 1945, will bring 
C. E. Betz, vice-president, Magnaflux 
Corp. of New York who will present a dis¬ 
cussion on Weld Testing. 

PORTLAND, MAINE 

The November meeting was held at the 
Elks Home, Portland, Me., and although 
the Section was handicapped by a typical 
“Main North Easter” there were still 
about 40 members who were interested 
enough in the Society to brave the ele¬ 
ments and attend. 

Following a fine dinner, the members 
were most interestingly entertained by 
H. C. Hoganboom who spoke on “High 
Pressure Pipe and Pipe Casting Welding,” 
using pkture slides for illustration. 

A toief roundtable discussion in whkh 
most everyone took part, proved helpful 
and brought the meeting to a close. 

PUGET SOUND 

The November dinner meeting was 
held on the 29th at the Gowman Hotel, 
Seattle, Wash. A Question Box Discus¬ 
sion by Joe Holt of Webster-Brunkley 
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Co., and also a report of the 1944 Metal 
Congress was held between 6:30 and 7:00. 
Dinner was at 7:00 P.M. 

An address on “High-Strength ^>ot- 
Welded Joints” was presented by Mar¬ 
shal Crawford, Process Engineer, Boeing 
Aircraft Co. The devdopment of the 
joint of whkh Mr. Crawford spoke was 
largely due to bis efforts. 


ROCHESTER 

Dinner at the Century Sweet Shoppe 
preceded the regular meeting of the Roch¬ 
ester Section held on November 2nd. 
The meeting was held in the Lower Strong 
Auditorium, University of Rochester, 
River Campus. R. F. Helmkamp. Ap¬ 
plied Engineering D^t. of Air Reduction 
Sales Co., spokeon "Recent Developments 
in Machine Gas Cutting.” 

Newly elected officers of the Rochester 
Section are; Chairman. Paul A. Ecklund, 
Deko Appliance Co.; Vice-Chairman, 
Edward G. Hable, Eastman Kodak Co.; 
Secretary, Edward R. Jones, Allan Iron ft 
Welding Works, Inc. 

'The December meeting held on the 7th 
was also preceded by a dinner at the 
same place. The meeting, however, was 
held in Room 20$, Engineering Dc4>art- 
ment. University of Rochester, River 
Campus. After preliminary discusskm 
the group went into the Laboratory where 
various standard tests of wdded joints 
were demonstrated on both satisfactory 
and faulty wdds. Various sample and 
micrographs of wdded joints were on dis¬ 
play. 

A bowling party will be held on Janu¬ 
ary 13th at the Ridge Bowling Hall. 
8:00 P.M. 


ST. LOUIS 

The regular meeting was held on 
November 10th at the Engineers’ Club 
Auditorium. The subject of the meet¬ 
ing “Wdded Vessels—Notes on Inspec¬ 
tion and Codes” was presented by Robert 
G. Milligan, Supervising Engineer, The 
Ocean Accident and Guarantee Corp. Ltd. 
Mr. Milligan gave a very interesting talk 
on the application of A.S.M.E. and A.P.I. 
Code as applied to wdded vessels. His 
talk was profusdy illustrated with slides 
and five specific cases were presented and 
described covering failures of both wdded 
and riveted vessels in the field. 

A premeeting movie, "Invasion—Nazi 
Version” a captured film taken by the 
Nazis of Allied landings on D-Day, was 
shown. 


SAN FRANCISCO 

The November Meeting of the Ameri¬ 
can Welding Society, San Francisco 
Section, was hdd at the Engineers' Club, 
San Francisco, Calif., on Monday, Nov. 
27, 1944, with Chairman, C. M. Doggett, 
presiding. 

There were 90 members and guests in 
attendance. 

The Chairman made an announcement 
of a Resolution adopted by the Executive 
Committee in the San Francisco Section 
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for presentatkm for the membenhip, as 
follows: 

Arrangements are being made to pro¬ 
vide each member with an offictal A.W.& 
badge to be worn by all members and 
guests at each of the regular monthly 
meetings. These badges will be issued 
at the beginning of each meeting assigned 
to each member by number and badges 
to be provided for their guests. All 
badges are to be returned at the end of 
the meeting to the Badge Committee, 
upon leaving the meeting place. It wras 
further purposed that each member be 
fined the sum of 25 cents if be neglects 
to turn in his badge at the end ot the 
meeting (that is. if he takes hb badge 
home). Cost of badges to approximate 
4 cents each. 

After the regular business had been 
attended to, the meeting was turned over 
to David Zuckermaa, Technical Chairman 
for the evening. Mr. Zuckerman intro¬ 
duced Donald G. Maxson, who presented 
a talk on “Controls Required for Safe 
and Economkal Construction of Welded 
Ships.” Mr. Maxson, a Graduate Naval 
Architect and Marine Engineer of Wri>b 
Institute in Naval Architecture, was well 
versed in hb subject. Hb background 
as Welding Engineer and Consultant 
with Electric Boat Co., Manitowac Ship¬ 
building Co.. Bechtel Shipyards, Cali¬ 
fornia Shipbuilding. Evansville Ship¬ 
yard, and Marinship Corp. stood him in 
good stead in the preparation of hb most 
interesting paper. 

Mr. Maxson drew a word pkture of the 
difficulties whkh are encountered as a 
result of residual stress in welded ships. 
Hb enlightening discourse provided each 
of us with a new outlook and fomented 
ideas for better and closer control. 

The question and answer period follow¬ 
ing brought to light many interesting 
points and divergent ideas, all of whkh 
were thoroughly discussed and very ably 
handled by the speaker. 

The meeting adjourned at 9:45 P.M. 

After the meeting, the sound motion 
picture entitled "The Return to Guam" 
was shown. This film was obtained 
through the courtesy of the U. S. Navy. 
The stereoptkon was supplied throu^ 
the courtesy of General Electric Co. and 
the motion pkture equipment through 
the courtesy M Vktor Equipment Co. 

Many thanks to our very accommodat¬ 
ing operator, W. A. Bragg. 


TOLEDO 

There was no October meeting in Tol¬ 
edo. because the Ambmcan Welding So¬ 
ciety was holding its annual meeting in 
Cleveland during the same week. 

Several of the officers and members 
attended some of the technical sessions, 
as well as the metal show. 

Those left behind, however, had the 
opportunity to attend the Toledo- Tech¬ 
nical Council meeting of such a timely 
subject as, "Rockets and Jet Propulsion." 
The speaker was G. Edward Pendray, 
Assistant to tbe President of Westing- 
house Electric and Manufacturing Co. 

A. J. Williamson, Chief Metallurgist 
for the Summerill Tubing Co. was the 
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speaker for our November meeting. 
His subject was, "Welding Low-Alloy 
High-Strength Steels, Especially Air¬ 
craft Tubing and Sheet." The speaker’s 
presentation and the slides which he used, 
gave technical facts which were found 
and established in a government-spon¬ 
sored program at Battelle Institute. 
Government approval to make these facts 
public had just been obtained and the 
paper was read publicly for the first time 
before the Toledo Section. In all proba¬ 
bility it will be published in the Jour- 
NAi. in due time. 

At the beginning of the meeting a short 
film, G.E., part 1, of “A.-C. Arc Welding” 
was shown. 

There were about 24 members and 
guests present. 

The Board of Directors at one of the 
earlier meetings voted to hold our regu¬ 
lar meetings always on the third Tuesday 
of the month, as was the custom last 
year. 

WASEONGTON, D. C. 

The Washington Section held its sec¬ 
ond meeting of the ’44-'45 season on 
Tuesday, November 28th, at the Pepco 
Auditorium. Chairman C. E. Jack^ 
introduced Gustav O. Hoglund, engi¬ 
neer of the Aluminum Co. of America, 
to the large audience which had gathered 
to hear the speaker discuss "Welding and 
Brazing of Aluminum." 

Mr. Hogltmd reviewed some of the 
metallurgical aspects of aluminum, by 
way of introduction, such as the strength 
problem of pure aluminum being over¬ 
come by the use of various alloying ele¬ 
ments and subsequent heat treatments. 
What is being done and how aluminum is 
welded was ably described in patient 
detail. Thickness of material, joint 
preparation, distortion problems, bracing 
and aligning, all variables oicountered in 
welding aluminum were only some of the 
items the speaker covered in his discus¬ 
sion of welding pressure vesseb, beer bar¬ 
rels, cooking utensils, structural parts, 
etc. In mentioning the soundness of 
alnmintim welds, Mr. Hoglund pointed 
out that preheat of the parts will aid in 
minim iging poTOsity, drying the electrodes 
also helps toward this aim. The elec¬ 
trode coating is flux designed rather than 
to afford atmospheres at the arc. De¬ 
scribing the arc-welding processes the 
speaker indicated that there was no upper 
limit to plate thickness for this type weld¬ 
ing. Excellent use is made of the carbon 
arc and automatic welding at speeds of 28 
in. per minute b commonly successful. 

In discussing brazing alloys of alumi¬ 
num, Mr. Hoglund described some of the 
engineering features and design purposes 
of intricate assemblies. It was of inter¬ 
est that the fatigue resistance of brazed 
joints is usually better than welded joints 
and affords less stress raisers at fillets 
and other joints. In closing his discus¬ 
sion the speaker described how brazing 
could replace many structures made by 
the casting process. 

A motion picture with sound, "How to 
Weld Aluminum," was exhibited and 
'Showed the steps involved in fabricating 


aluminum by means of gas, electric and 
carbon arc welding. Torch, furnace and 
dip brazing processes were also excellently 
presented in the film. 

After the meeting the members and 
guests were treated to refreshments and 
casual banter. 

Officers of the Section are: Chairman, 
C. E. Jackson, Naval Research Lab.; 
Vice-Chairman, S. W. Trainer, Hamisch- 
feger Corp.; Secretary, G. G. Luther, 
Naval Research Lab. 


WESTERN MASSACHUSmS 

The November meeting of this Section 
was held on the 20th at the Springfield 
Trade School. D. A. Watson of the 
Metallizing Engineering Co. spoke on 
"Commercial Application and History of 
Metallizing." Following Mr. Watson’s 
talk, the film "Aircraft Welding" was 
shown to an enthusiastic audience of about 
70. 


WESTERN MICHIGAN 

Dr. Walter J. Brooking, Director of 
Testing and Research, R. G. LeToumeau, 
Inc., Peoria, Ill., was the guest speaker at 
the November 27th meeting held at Rowe 
Hotel, Grand Rapids. Dr. Brooking’s 
illustrated talk was on "Welding Symbols 
and Procedure Control," and was very 
well received. 


WESTERN NEW YORK 

The regular November meeting was 
postponed from the last Friday in Novem¬ 
ber until December 1st in order to avoid 
complications with Thanksgiving and 
was held in the regular location at the 
Forty & Eight Club, 891 Delaware Ave. 

After the 6:30 dinner meeting, the 
regular business meeting took place at 
which time members heard an interesting 
talk by George E. Bellew, Foundry 
Specialist with Air Reduction Sates Co. 
on the "Machine Cutting of Risers." 

This talk was illustrated with slides 
and very ably presented the problems and 
solutions encountered in flame scarfing 
to remove padding and flame gouging to 
remove webs and defects. 

The next schedtded meeting will be the 
last Friday in January. 

TORE-CENTRAL FENNSTLVANIA 

The York-Central Penna. Section of 
the American Wbldinc SoasTY, at its 
meeting of Nov. 8, 1944, turned out in 
force to hear a talk on Clad Steel by H. S. 
Blumberg of the M. W. Kellogg Co. of 
Jersey City, N. J. Seventy members 
and guests attended this meeting. 

C. E. Lewis Kerchner, chairman, 
opened the meeting and disposed of 
current business matters. His announce¬ 
ment that the new membership cam¬ 
paign is meeting with pronounced success 
was met with a round of applause. Nu¬ 
merous new members were introduced 
from the floor. Mr. Kerchner had E. J. 
Brady, past-chairman, introduce the 
speaker of the evening. 


Those members and their guests who 
attended this meeting were amply re¬ 
paid inasmuch as Mr. Blumberg’s talk 
proved to be one of the most interesting 
and enlightening delivered before the 
Chapter in recent years. 

The talk was well prepared and de¬ 
livered both from the technical and prac¬ 
tical application aspects, Mr. Blumberg’s 
talk revealing his sound knowledge of his 
subject and the audience gained by his 
presentation of this knowledge in a clear, 
understandable manner. All phases of 
the Clad Steels such as t)q}es, manufac¬ 
ture, welding procedures, processing and 
forming, good and bad features, etc., 
were touched upon and each in turn re¬ 
sulted in numerous questions being put to 
Mr. Blumberg. 

The open discussion period was lead 
by Vice-Chairman W. C. Bauer. 

The audience showed its appreciation 
by its close attention and sincere applause 
at the end of the meeting. 

The meetings of the York-Central 
Penna. Section for the next few months 
are: 

Feb. 14th—Subject: "Welded Ship 
Construction. Future Place of Weld¬ 
ing in This Industry," by T. M. Jack- 
son, Electrical Engineer, Sun Ship¬ 
building & Drydock Co. 

March 14th—Object: "Conversion 
to Welded Steel. Welded Steel Prod¬ 
ucts Development," by E. J. Charl¬ 
ton, Assistant to President, Luken- 
weld, Inc. 

April 11th—Annual Meeting and Din¬ 
ner; General Electric—House of 
Magic. 

May 9th—York-Central Penna.— 

Coatesville Meeting as the guests of 
Lukens Steel Co. Members only. 


MILLER MEDAL AWARD NOMINATIONS 

The Committee on Awards of the Ameri¬ 
can Wbldino Society wishes to an¬ 
nounce that it would like to 6btain the 
active cooperation of all members of the 
Society in the selection of the recipient 
of the Miller Medal for the current year. 

This is an honor that is greatly prized 
and is given "to the person who in the 
judgment of the Board of Awards is most 
deserving for conspicuotis contributions 
to the advancement of the welding or cut¬ 
ting of metals." 

Many members of the Society have 
personal acquaintance with, or knowledge 
of, individuals who they feel should be 
considered for this honor. The Com¬ 
mittee on Awards would be glad to receive 
letters suggesting names and giving 
reasons for their suggestions. 

Please mail these proposals before Febru¬ 
ary 15th to B. M. T. Ryder, Chairman, 
Committee on Awards, 2396 Third Ave., 
New York 36, N. Y. 


Send Suggestions for 

ANNUAL MEETING PAPERS 
to W. Spraragen 
American Welding Society 
33 W. 39th SL, New York, N. Y. 
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List of New Members 

November 1 to November 30, 1944 


BIRMINGHAM 

Bischoff, Floyd W. (C). P. O. Box 1324, 
Birmingbam 1. Ala. 

Mattes, Frank J. (C), Snyder Tank Corp., 
P. O. Box 2390, Birmingham, Ala. 

Nelson, Arthur L. (C), Chicago Bridge & 
Iron Co., 4200—40th Ct. N, Birming¬ 
ham 7, Ala. 

Richards, Paul S. (C). P. O. Box 2390, 
Snyder Tank Corp., Birmingham, Ala. 

BOSTON 

Connolly, Frank J. (B), 30 Wildwood St., 
Winchester, Mass. 

Hite^ew, C. Phillip (C), 69 Telegraph 
St., S. Boston, Mass. 

CHATTANOOGA 

Peek, Horace H., Jr. (C), Lookout Boiler 
& Mfg. Co., Chattanooga, Tenn. 

CHICAGO 

Killen, William L. (C), 7150 Eggleston 
Ave., Chicago 21, Ill. 

Lee, Earle S. (B), Champion Rivet Co., 
Cedar Lake, Ind. 

Loudy, W. L. (B), American Products 
Corp., 422 S. Dearborn St., Chicago 5, 
lU. 

Moosman, Lillian S. (C), 670 N. Elizabeth 
St.. Lombard, Ill. 

Owen, John C. (B), 9541 S. Damen Ave., 
Chicago, Ill. 

Robinson, Geo. E. (B), New York Central 
R.R., 425 La Salle St. Sta., Chicago 5, 
Ill. 

CLEVELAND 

Hfl rtrwiiw, Roy F. (B), 329 Plum St., Tipp 
City, Ohio. 

DETROIT 

Barta, Wesley J. (C), American Bureau of 
Shipping, 1303 Majestic Bldg., Detroit 
26, Mich. 

Brown, Ralph (B), Defoe Shipbldg. Co., 
Bay City, Mich. 

Dickhason, George L. (C), 1029 E. Yale 
Ave., Flint 5, Mich. 

Dougherty, Raymond L. (C), W. M. Chace 
Co., 1600 Beard, Detroit 9, Mich. 

Gordon, John D. (A), Progressive Welder 
Co., 3050 E. Outer Dr., Detroit 12. 
Mich. 

Hall, William E. (C), 8375 MUitary, De¬ 
troit 4, Mich. 

Hawes, Collins (C). 2050 N. York, Dear¬ 
born, Mich. 

Hogrefe, Otto L. (B), 2018 Colon St.. 
Flint, Mich. 

iTiilunen, Matt (C), 15427 Fairfield Ave., 
Detroit, Mich. 

Moore, Lloyd T. (C), 35732 Goddard Rd., 
Romulus, Mich. 

Thatcher, James D. (C), 1909 Mallory 
St., Flint 4, Mich. 

Whitehouse, W. E. (B), Defoe Shipbldg. 
Co., Bay City, Mich. 

HARTFORD 

La Pointe, Camille F. (B), La Pointe Weld¬ 


ing Service, 21 Dewey St., New Britain, 
Conn. 

Studzinski, Richard S. (B), The State 
Welding Co., 25 John St., Hartford, 
Conn. 

HAWAH 

Chun, William K. (C). Hawaiian Gas 
Prods., P. O. Box 2454, Honolulu 4, 
T. H. 

INDIANA 

Bohnstedt, Harold A. (C), 336 Lockbum 
St., Indianapolis 8, Ind. 

Elrapf, Ed^ A. (C), Link Belt Co., Ewart 
Wks., ZiO S. Belmont, Indianapolis 6, 
Ind. 

Lentz, Jefferson (C), Box 64, Jasper, Ind. 

Wats^ John W. (C), 3424 W. Washing¬ 
ton St.. Indianapolis 8, Ind. 

KANSAS CITY 

Brown, Zennas (B), 1019 E. 8th, Well¬ 
ington. Kan. 

Buiiii«lge, M. K. (B), 204 W. Madison. 
Pittsburgh, Kan. 

Pole, Fra^ (C), 109 S. Park, Indepen¬ 
dence, Mo. 

LEHIGH VALLEY 

Stametz, Stanley (C), 54 W. Ettwein, 
Bethlehem, Pa. 

LOS ANGELES 

Alexander, Frank B. (C). General Testing 
Lab., Calif. Shipbldg. Corp., Wilming¬ 
ton, Calif. 

Beagley, Edwin Reed (C), Western Pipe 
Steel, 5717 Santa Fe, L<k Angeles, CaUf. 

Bl^e, Donald K. (C), 902 Cabinet Dr., 
San Pedro, Calif. 

Brooks, L. S. (C), 4916 Nevada St., BeU, 
Calif. 

Buettuer, Fred J. (C), 3151 Josephine St.. 
Lynwc^, C^if 

Clarke, B. C. (A), Pacific Metals Co. Ltd., 
1400 S. Alameda St., Los Angeles, 
Calif. 

Frazier, Harry V. (C), 828 E. 94th St., 
Los Angeles 2, C^If. 

Garcia, Manuel D. (C), 918 Agatha St., 
Los Angeles 21, Calif. 

GilUa, Delbert B. (C). 235 W. Queen St., 
Inglewood, Calif. 

Knaak, Otto A. (C). 1143 E. 103rd PI., Los 
Angeles 2, Calif. 

Koenig, Frederick P. (C), 3850 Gundry 
Ave., Long Beach 7, Calif. 

Mead, Eugene H. (C), 1404 W. 7th St., 
Los Angeles. Calif. 

Mo^, Elden J. (C). 10415 Kauffman 
Ave., South (^te, C^if. 

Naylor, John R- (C), 8949 South Gate 
Ave., ^uth Gate. C^if. 

Rebman, Henry (C), 4214 E. 60th St., 
Huntington Pk., Calif. 

Rynearson, Roy J. (C), 2054 Mapiolia 
Long Beach 6, Calif. 

Skinner, Paul (C). 331 E. Elliott. El 
Monte, Calif. 

Swinehart, Herbert M. (B), Southwestern 
Eng. Co., 4800 Santa Fe Ave., Los 
Angeles 11. Calif. 


TroxeU, Othello K. (C), 9637 Victoria 
Ave., S(Mth Gate. Calif. 

Ufboltz, J. J. (C). Western Pipe & Steel 
Co., 5717 Santa Fe Ave., Los Angeles 11. 
Calif. 

Verran, Prank (C). 2907 Liberty Blvd.. 
South Gate, Calif. 

LOUISIANA 

WUaon, R. P. (B), The Linde Air Products 
Co., 832 Howard Ave., New Orleans, 
La. 

LOUISVILLB 

Bomersbach, N. L. (C), Floyd Knobs. 
Ind. 

Schneider, C. J. (C), Mineweld Co. of Ky.. 
737 E. Broadway, LoubviUe, Ky. 

NEW JERSEY 

Aitken, Geo. L. (C), 28 Elizabeth Ave.. 
Newark. N. J. 

Bluhm, James D. (C). 530 Park Ave., 
G. 2., Orange, N. J. 

Eetig, Fredei^ (C). 119 Prospect Ave.. 
N. Arlington, N. J. 

Kime, AUu H (B), 3 Oxford Place. 
Newark, N. J. 

Leming, Paul W. (B), Crocker-Wheeler 
Elec. Mfg. Co., Div. Joshua Hendy 
Iron Wks., Ampere. N. J. 

Rush, Harold W. (C), Dover Boiler & Plate 
Fab., Marvin St., Dover, N. J. 

Strangia, M. (C), 60 Logu Ave., Jersey 
City. N. J. 

Work, Dr. Lincoln T. (B), Metal & Ther¬ 
mit Corp., P. O. Box 255, Rahway. 
N. J. 

NEW YORK 

Berner, John (C), Multi-Metal W'ire 
Cloth Co., Inc., 1350 Garrison Ave., 
Bronx 69, N. Y. 

Cbem, Vadim A. (B), 15 Gramercy Park.. 
New York 3, N. Y. 

Egbert, Harold (C), 40 Cortland St., 
Staten Island 2, N. Y. 

Jones, Robert T. (B). Apt. LC-ll, 10 
Momoe St., New York 2, N. Y. 

Joynes, Thorns M. (B), 408 Walnut St. 

E. Bound Brook, N. J. 

MUler, John E. (C). 80-11—190th St.. 
Jamaica, N. Y. 

Pike, Geoife C. (C), Grumman Aircraft 
Eng. D^., Plant 1, Bethpage, L. I., 
N. Y. 

Suaaman, William (F), 649 Park Ave.. 
East Orange, N. J. 

Vattiat, Michael (B), Staten Island Weld¬ 
ing Service, 1870 Richmond Terrace, 
Staten Island, N. Y. 

Webber, Earl A. (C). Lincoln Electric 
Co.. 330 W. 42nd St,, New York 18, 
N. Y. 

Wllker, Joseph (C), Multi Metal Wire 
Cloth Co., Inc., 1350 Garrison Ave.. 
Bronx 59, N. Y. 

NORTHERN NEW YORK 

Broland, James P. (C), 2011 Ave. B. 
&henectady, N. Y. 
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NORTHWEST 

Collins, Joseph E. (B), 6548 Stevens Ave., 
Minneapolis 9. Minn. 

Goodltmd, Leighton (C). Jari Products, 
Inc., 2938 Pillsbury Ave. S., Minne¬ 
apolis 8, Minn. 

Mendenhall, Harold (B), Flame Process¬ 
ing & Mfg. Co., 213—7th St., S. E., 
Minneapolis 14, Minn. 

OKLAHOMA CITT 

Adams, Oscar (C), 515 N. Dewey, Okla¬ 
homa City 3, Olda. 

Beam, J. E. (C), Oklahoma City Hard¬ 
ware Co., P. O. Box 1537, Oklahoma 
City, Okla. 

McKo^e, J. J. (C), Osage Metal Co., 
Box 2445, Oklahoma City, Okla. 

Steward, Cecil (C), R. 2, Choctaw, Okla. 

Thorp, Dojrle (C). 2505 S. Indiana, Okla¬ 
homa City, 01^. 

Vick, W. H. (C), Oklahoma City Hard¬ 
ware Co., P. 0. Box 1537, Oklahoma 
City, Okla. 

PASCAGOULA 

Crisco, Emmett A. (C), 207—10th St., 
Pascagoula, Miss. 

Holder, E. H. (C), 1013 Buena Vista St., 
Pascagoula, Miss. 

HoliBeld, Cnrtis A. (C), Rt. 1, Lucedale, 
Miss. 

White, Jean V., Jr. (C), 506 Sarrazin St., 
Pascagoula, Miss. 

Tarbroc^ Roger W. (C), 1116 Adm. 
Jones St., Pascagoula, Miss. 

PEORU 

Salmons, Fred (C), 213 Minnesota St., 
Peoria, lU. 

Seymonr, Jack (C), 400 Thrush St., 
Peoria, Ill. 

PHILADELPHU 

Cooney, Albert E. (B), Limekiln Pike, 
Star Route, Ambler, Pa. 

Gramer, Anthony S. (C), 1828 Green St., 
Philadelphia, Pa. 

Hoier, Louis C. (C), Apt. 133D, Stone* 
hurst Ct., Upper Darby, Pa. 

Hyslop, LL Comdr. Hamid (C), 321 S. 
43rd St., Philadelphia 4, Pa. 

Johnson, Leonard O. (B), 3300 Disston 
St., Philadelphia 24, Pa. 

Liberman, Russell J. (B), 112 Berkeley 
Rd., Glenside, Pa. 

Paton, George, Jr. (B), 118 Woodland 
Terrace, Oaklyn, N. Y. 

Sciimger, James (B), 4508 Sansom St., 
Apt. 314, Philadelphia 39, Pa. 

Weber, A. (B), Cooney & Weber, 
Box 81, West Point, Pa. 

PITTSBURGH 

Bowman, R. Wade (B), Arlington Apts., 
Pittsburgh, Pa. 

Briggs, Cyril M. (B), Pittsburgh Bridge & 
Iron V)lcs., 1913 Union Bank Bldg., 
Pittsburgh 22, Pa. 

Klingelhofer, Edw. K. (C), Pittsburgh 
Bridge & Iron Wks., Union Bank 
Bldg., Pittsburgh 22, Pa. 

Klingelhofer, Louis O. (B), Pittsburgh 
Bridge & Iron Wks., P. O. Box 229, 
Rochester. Pa. 

Kommel, Darwin A. (B), Pittsburgh 
Bridge & Iron Wks., P. O. Box 229, 
Rochester, Pa. 

Lreas, Robert K. (C), 520 Fifth Ave., 
C<vaopolis, Pa. 

Masters, P. K (C). 323 Pine Rd., Sewick- 
ley. Pa. 

McCnllongh, Wm. E. (C), A. O. Smith 
Corp., 734 Gulf Bldg., Pittsburgh, Pa. 
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Nelson, Claude A. (B), Engg. Dept., 
Westinghouse Airbrake Co., Wilmer- 
ding, Pa. 

Wilson, H. A. (B), Pittsburgh Bridge & 
Iron Wks., Union Bank Bldg.. Pittsburgh 
22. Pa. 

Wolfersberger, Victor N. (B), Pittsburgh 
Bridge & Iron Wks., P. 0. Box 2^, 
Rochester, Pa. 


PORTLAND, ORE. 

Asbeck, Earl O. (C), Barracks 4-C-9. 

Swan Island, Portland 18, C^e. 

Davis, Lester L. (B), 338 N. W. Sixth 
Ave., Portland 9, Ore. 

Faught, James E. (B), 2830 S. W. Custer. 
Portland, Ore. 

Lottis, W. A. (B), Valley Welding Supply 
Co., 197 S. Commercial St., Salem, Ore. 
Perry, Lee W. (B), 8041 S. E. Henry St., 
Portland, Ore. 


PUGET SOUND 

Beazley, Thomas G. (C), 223—14th N., 
Seattle 2, Wash. 

Haugen, Lester C. (C), 543 E. 84th St., 
Seattle 6, Wash. 

Hayward, Lloyd R- (C), Air Reduction 
^es Co., 3623 E. Marginal Way, 
Seattle 4, Wash. 

Hendriksen, Vernon (C), 3036 S. W. 106th 
Seattle 66. Wash. 

Hossler, George L. (C), 331 Bellvue N., 
Seattle 2, Wash. 

Howe, Hubert S., Jr. (C), Air Reduction 
Sales Co., 3623 E. Marginal Way, 
Seattle 4, Wash. 

Moe, Harold (B), Harold’s Welding, 1448 
heary Way, Seattle 7, Wash. 

Novak, Lawrence R. (C). 219 Belmont 
Ave. N., Seattle 2, Wash. 

Richardson, Stanton (C), Air Reduction 
Sales Co., 3623 E. Marginal Way, 
Seattle 4, Wash. 

Snyder, William A. (B), Dept, of Mechani- 
^ Engg., University of Washington, 
Seattle 5, Wash. 

Stephens, M. C. (B), 12011—79th Ave. S., 
Settle, Wash. 

Tho^erson, W. C. (C), 411 Boylston N., 
Apt. 308, Seattle. Wash. 

Van Slyke, H. O. (C), Air Reduction Sales 
Co., 3623 E. Marginal Way, Seattle 4, 
Wash. 


ROCHESTER 

Bach, Charles (C), 905 Main Si., E. 
Rochester, N. Y. 

Kraft, Stewart L. (C), 281 Holmes Rd., 
Rochester 13, N. Y. 

Matthews, Howard L. (C), 62 Milburn 
St., Rochester 7, N. Y. 

Perry, Herman (C), Rt. 2, Hammonds- 
port, N. Y. 

Youst, Joseph H. (C), 779 Jefferson Ave., 
Rochester 11, N. Y. 


ST. LOUIS 

Christopher, B. R. (B), Independent Engg. 
Co.. O’Fallon. lU. 

Coleman, Percy L. (B), 3315 Shenandoah 
Ave., St. Louis 4, Mo. 

Randel, O. M. (B), Independent Engg. 
Co., O’Fallon. lU. 


SAN FRANCISCO 

Cornish, Vernon T. (C), 444 E. McKinley 
Ave., Sunnyvale, Calif. 

Dickerson, Thomas E. (C), 3029 Foothill 
Dlvd., Oakland 9, Calif. 

Galbreath, J. (C), P. O. Box 88, Oakland, 
Calif. 


Johnson, Robert L. (B), Robert L. John¬ 
son Co., 330 Monadnock Bldg., San 
Francisco 5, Calif. 

TIDEWATER 

Cole, Russell H. (B), 105 Magazine Rd., 
Apt. B, Portsmouth, Va. 

TOLEDO 

Colwell, Harry B. (B), 2338 Meadowood 
Dr., Toledo 6, Ohio. 

Homriqhaus, A. H., Jr. (C), 2734 Pow¬ 
hatan Pky., Toledo 6, Ohio. 

WASHINGTON, D. C. 

Akerl^, Ernest L. (C), 402 Evans Bldg., 
1420 New York Ave., N. W., Washing¬ 
ton, D. C. 

Swar^ Sydney M. (C), 3208—12th St. 
S. E., Washington 20. D. C. 

WESTERN MASS. 

Beloin, Mederic H., Jr. (C), 28 Elmwood 
Ave., Holyoke, Mass. 

Fry, Norman A. (B), 24 Clinton St., 
Springfield, Mass. 

Raveniim, Alfred W. (B). Alfred W. Rav¬ 
ening & Co., 190 Chestnut St., E. Long- 
meadow, Mass. 

WESTERN MICH. 

Loosemore, Claude R. (B), Grand Rapids 
Bofler Vhcs., 234 Market Ave., S. W., 
Grand Rapids, Mich. 

Goodrich, Earl F. (B). Goodrich Welding 
Mach. Co., 121 Sheldon S. E., Grand 
Rapids, Mich. 

Miller, Robert N. (B), 534 Capital Ave., 
S. W., Battle Creek, Mich. 

WESTERN NEW YORK 

Bngelhardt, Geo. J. (C), 20 Van Gorden 
Ave., Buffalo, N. Y. 

Gardner, Paul E. (C), Buffalo Welding 
and Supply Co., 37 E. Ferry St., Buf¬ 
falo. N. Y. 

Hebeler, Edward S. (B). Hebeler Welding 
Co., 1005 Jefferson Ave., Buffalo, N. Y. 

WICHITA 

Busaard, Paul (B), 1705 S. Waco, Wichita, 
Kan. 

Gregg, Donald B. (B), 2747 Coolidge, 
Wichita, Kan. 

Leatherman, H. W. (B), 1758 South 
Grove, Wichita, Kan. 

Melcher, Fred J. (C), 230 McComas 
Ave., Wichita, Kan. 

Shearer, G. F. (B), 1718 North Erie. 
Wichita, Kan. 

YORK-CENTRAL PENNA. 

Adoriah, Louis (C), Lukenweld, Inc., 
Coatesville, Pa. 

Buell, S. Nelson (C), Lukenweld, Inc., 
(^tesville. Pa. 

Colvin, Clair R. (B), Penna. Water & 
Power Co., Delta 2, Pa. . 

Groff, John R (C), 211 Kersey St., Coates¬ 
ville, Pa. 

McKinley, J. Harry (C), Safe Harbor 
Water Power Corp., Conestoga R. D. 2, 
Pa. 

Meinke, William J. (C), 119 N. West St., 
York, Pa. 

Needhfl^ Carlton (C), Lukenweld, Inc., 
Coatesville, Pa. 

Smith, D. L (C), Penn. Water & Power 
Co., Holtwood, Lancaster Co., Pa. 

Tweed, Francis (C), Lukenweld, Inc., 
Coatesville, Pa. 

Williams, Oliver W. (C), 415 Maple Ave., 
Coatesville, Pa. 


LIST OF NEW MEMBERS 
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Willnluun, William & (C), Lukenweld, 
Iqc., Coatesville, Pa. 

Wiaenaale, Donald C. (C). Fitzwater 
Wheel Penn & GcOTge Sts., Han* 
over, Pa. 


WOT IN sBcnows 

Abbey, Duane B. (B), Magnuflux Corp., 
18^ St. Louis St., Dallas, Tex. 
Christian, John C. (B), c/o Uaionmelt, 
Welding Department, Wainwright 


Ship Yard, Panama City, Floridsk 
Dalboff, I. N. (C.) Ringragen 14. Stock¬ 
holm, Sweden. 

Bngberg, Gunnar (C), Eriksbergs Mek. 
Verkstads A-B, Goteborg, Sweden. 


Members Reclassified 


BOSTON 

Ingersoil, F. Johnson (from D to C), 40 
Hollb St., Milton 86, Mass. 

Miranda, Tito (from D to C), 62 Lawn 
Ave., Quincy 69, Mass. 

Oltsch, Howard A. (from D to C), 120 
Grant St., E. Weymouth 80, Mass. 

CHICAGO 

Scratch, Harry E. (from C to B), 6720 S. 

Jeffery Ave., Chicago 49, Ill. 

Sykes, Frank (from D to C), 2010 W. 
Armitage Ave., Chicago 47, HI. 

CINCINNATI 

Kraus, Rudolph (from C to B), Stacey 
Bros. Gas C5onst. Co., Box E, Elmwood 
Place Sta., Cincinnati 16, Ohio. 


DIVING, CUTTING AND WELDING IN 
UNDERWATER SALVAGE OPERATIONS 

By Frank E. Thompson, Jr. 

224 Pages Illustrated Indexed $2.00 

Written by an operator, designer and 
manufacturer of underwater salvage equip¬ 
ment, the President of the Thompson 
Engineering Company, who has been en¬ 
gaged in salvage operations at Pearl Har¬ 
bor and other naval stations in World 
War II. 

A “How to do" manual for men who 
want a well-paid, skilled, constructive, ex¬ 
citing wartime and postwar job. 

For men learning, or preparing to learn, 
diving and salvage work in Navy training 
schools; for the crews who work topside 
attending the divers; for superintendents 
and trainers; for salvage companies; for 
private and Army and Navy salvage engi¬ 
neers. 

Presents deep-sea and shallow-water 
diving procedure—descent, work on the 
bottom, ascent. Descriptions and use of 
diving equipment, helmets, suits, air- 
supply attachments, air pumps, diving 
stage. 

Methods of decompression—stage and 
surface; use of recompression chamber. 

Description and treatment of diving ac¬ 
cidents and injuries; accident prevention; 
instructions for emergencies. Duties of 
crew attending the divers; methods of 
signaling. Surface and underwater weld¬ 


Duiing Month of November 

COLUMBUS 

Graham, William A. (from D to C), 113 
Chittenden, Columbus, Ohio. 

KANSAS CITY 

Holmes, Chas N. (from D to C), Trenton, 
Mo. 

NORTHWEST 

Warmington, Thomas J. (from B to A), 
Wm. Bros. Boiler & Mfg. Co., Nicollet 
Island, Minneapolis 14, Minn. 

PASCAGOULA 

Guest, w illiam R. (from C to A), c/o 
Ingalls Shipbldg. Corp., P. O. Box 149, 
Pascagoula, Miss. 


ing and cutting methods and equipment; 
underwater cutting with oxy-hy^ogen, 
oxy-ocetylene, oxygen arc lance or torch 
and metal arc; underwater welding with 
electric arc—a separate chapter on each 
method. Decompression tables—indis¬ 
pensable guide to both stage and surface 
decompression procedure. 

Published by Cornell Maritime Press, 
241 West 23rd Street, New York 11. N. Y. 


DR. COOLIDGE RETIRES; 

DR. SUITS HEADS G-E RESEARCH 

Dr. C. G. Suits, assistant to the director 
of the research laboratory, has been elected 
a vice-president of General Electric and 
in that capacity will be in charge of the 
Company’s research laboratory, it has been 
announced by President Charles E. Wilson. 

At the same time it was announced that 
Dr. W. D. Coolidge would retire December 
31 as vice-president and director of the 
research laboratory, a position be has 
held since 1940. 

Dr. Coolidge, inventor of the Coolidge 
X-ray tube and a world-famous scientist, 
graduated in 1896 from the Massachusetts 
Institute of Technology and received his 
Pb.D. subsequently at Leipzig. He joined 
the G-E research laboratory in 1905 after 
a period spent in fundamental research in 
physics and chemistry at M.I.T. He 


PORTLAND, ORB. 

Revell, G. L. (from C to B), 601 S. W. 
Chestnut St., Portland, Ore. 

QUAD CITIES 

Moore, Harold E. (from D to C), R. R. 3. 
Box 306, Geneseo. Ill. 

SAN FRANCISCO 

Bvenoen, Vincent J. (from D to C). c/o 
The Linde Air Products Co., 114 Saneome 
St., San Francisco 4, Calif. 

NOT IN SECTION 

Hancock, Jamee H. (from C to B), 812 
Shotw^ St., Memphis 11, Tenn. 


played a leading role in the development of 
the modem incandescent lamp through 
his production of ductile tungsten. Later, 
when his colleague Dr. Irving Langmuir 
demonstrated the possibilities of a pure 
electron discharge in a high vacuum. Dr. 
Coolidge produced a radically new type of 
X-ray tu^ which has substantially super¬ 
seded all previous t 3 q>es. Dr. Coolidge is 
holder of 83 patents and has been partly 
responsible for hundreds of others. He 
became assistant director of the G-E re¬ 
search laboratory in 1908. associate direc¬ 
tor in 1928, and director in 1032. A 
member of many scientific societies here 
and abroad, Coolidge has been 

awarded several medals and honors, in¬ 
cluding the Hughes, Rumford, Edison and 
Faraday medals. 

Dr. ^its, who succeeds Dr. Coolidge as 
bead of research, is one of the youngest of 
the country’s prominent scientists, gradu¬ 
ating from the University of Wisconsin in 
1927 and becoming a member of the G-E 
laboratory staff in 1930. He is widely 
known for his research in high-temperature 
arcs. During the war he has devoted the 
major portion of his time to the direction 
of war research under the auspices of the 
office of Scientific Research and Develop¬ 
ment, and as chief of Division 15 of the 
National Defense Research Committee, 
has supervised the radio co-ordination ac¬ 
tivities of a group of scientists. He was 
made assistant to the director of the G-E 
research laboratory in 1940. 
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NEW PRODUCTS 

The Society awmnes no responail^ty 
for the validity of claims in this Section 


nCKER X-RAT CABINET 

The Picker Rayproof Industrial X-Ray 
Inspection Cabinet manufactured by 
Picker X-Ray Corp., 300 Fourth Ave., 
New York, offers an efficient means for 
continuous X-ray examination of parts 
on a production schedule. No time b 
lost in positioning or removing the parts 
for actual X-raying since setups are made 
and removed outside the actual exposure 
chamber. The cabinet is so designed 
that on completion of the exposure period, 
a tray, beating the radiographed parts, 
is ejected simultaneously with the entry 
of a net setup, the whole system mov¬ 
ing on rollers. The central exposure 
chamber is equipped with rayproof slid¬ 
ing do(m so that during exposure, while 
new parts are being loaded or already ex¬ 
posed parts unloaded, the operator is com¬ 
pletely protected from all radiation. 

NEW PHOTOMETER FOR MEASURING 
UGHT TRANSMISSION 

A new transmission photometer for 
measuring accurately the amount of light 
transmitted through very areas of 

spectrographic plates, has been announced 
by the Special Products Division of the 
General Electric Co., Schenectady, N. Y. 
The new photometer is desirable for use 
wherever spectrographic analjrsis is em- 
pk^ed, sucffi as in ^e metal fields, and 
also for microcolorimetric and micro- 
chemkal analyses and for measuring light 
transmission through solutions. 

Requiring a constant power supply of 6 
V., a. c. or d. c., with an approximate ca¬ 
pacity of 30 amp.,.the photometer consists 
essentially of a light source, an optical 
system, a galvanometer, a light-sensitive 
c^, and a mechanical stage for accom- 
mooting the plate. This stage, which 
has a three-point, ball-bearing suspension, 
is movable in three directions, thus pro¬ 
viding smooth, precise control of the posi¬ 
tion of the plate. Control knobs conven¬ 
iently mounted on the front of the instru¬ 
ment facilitate focal adjustment and 
control of the several diaphragms and 
filters in the optical system which govern 
the intensity of the light and heat reaching 
the light-^sitive cell and the plate. 
Mounted in an attractive, sturdily con¬ 
structed case, the instrument is especially 
easy to operate, since all adjustments can 
be made and seen readily from a single 
position. 

•■BESISTANCE WELDING AT WORK" 

An unusual, comprehensive and informa¬ 
tive piece of literature on resistant 


welding has just' been made available by 
Progressive Welder Co., 3050 B. Outer 
Drive, Detroit 12, Mich., leading devel¬ 
opers and manufacturers of resistance 
welding equipment. Entitled "Resist¬ 
ance Welding at Work," (Bulletin WP- 
44) it is in the form of a 60-page two-color 
11 X 8*A hi. book containing scores of il¬ 
lustrated examples of resistance welding 
applications. 

The book is a striking commentary on 
the tremendous increase in scope and ap¬ 
plication of resistance welding during the 
war and immediate prewar years. It is 
designed primarily as a guide to the wide 
-variety of uses to which resistance weld¬ 
ing adapts itself—whether it be single spot 
or multiple spot, seam or flash, butt or pro¬ 
jection weldffig—and whether the work is 
to be broui^t to the machine or the equip¬ 
ment brought to the work in fixtures. 

In this book there is an answer by ex¬ 
amples of "bow it is being done" to prac- 
tic^y every general type of resistance 
welding problem encountered and equip¬ 
ment required either in war production or 
in postwar retooling for output of modern¬ 
ized peacetime go^s. To facilitate use 
of the book the material has been arranged 
under five general headings in such a man¬ 
ner that the answer to a given general 
problem can be quickly and easily located. 
The divisions de^ with portable gun weld¬ 
ing (for work assembled in fixtures); sta¬ 
tionary spot welding, single and multiple 
(where work can be brought to the ma¬ 
chine) ; seam welding, either in machines 
or in fixtures. There is also a section de¬ 
voted to special ttses to which resistance 
welding equipment can be put as well as 
a section illustrating, by examples, possi¬ 
bilities in fixture design, large or small. 


BRAZERS THAT GO TO THE WORK 

Brazing is an old but still not. too gener¬ 
ally tised method of joining members of 
copper, brass, bronze or various alloys. 
One handicap has been the lack of brazing 
apparatus that can be readily taken to the 
job, as in shipyards, railroad shops, etc. 
For the production lines of factories, the 
well-devdoped brazing furnaces are in 
much demand but there has been a need 
for portable units for joining wire cables, 
strap connectors, pipe, etc. This need is 
met by a self-contained family of brazing 
sets that require only a connection to a 
220-volt power source. These sets con¬ 
sist essentially of a transformer for provid¬ 
ing high currents at low voltage, suitable 
voltage selectors, controls and carbon- 


tipped tongs that can be clamped over the 
pieces to be joined. The high currents 
flowing through the carbons bring them to 
incandescence, quickly bringing the ma¬ 
terial to brazing temperatures, which are 
from 1200 to 1600* F. 

Three sizes, 5, 10 and 20 leva., comprise 
this group of mobile brazing elements 
The 5- and the 10-kva. units are air cooled 
The 20-kva. unit is fan cooled and has a 
self-contained water cooling and recircu¬ 
lating system used to cool the brazing 
cables and tongs. This cooling system 
permits the use of a small-size portable 
unit for medium brazing work. The 
smallest unit weighs but 30 lb., the middle- 
size one, 100 lb. and the 20 kva., 250 lb. 
The corresponding secondary currents are 
625, 833 and 1667 amp. Westinghouse 
Electric & Manufacturing Co., East Pitts¬ 
burgh, Pa. 


TRANSPORT WITH 4.WAY FLOOR 
PLATE DECK 

The application of 4-Way Floor Plate to 
the standard Turner Transport Chassis 
increases considerably the various uses of 
this unit of the Turner System of Mate¬ 
rials Handling. 

The floor plate is welded flush with the 
top of the chassis on the angles of the 
frame. It is reinforced on the under side 
by two heavy angles. The "non-skid” 
feature keeps metal parts from "walking'’ 
off easily when the Transport is in motion. 
Further, the embossments provide point 
contact with hot materials which allows 
some air space between them and the 
steel deck. Warping of the steel deck is 
thereby eliminated. 


The Transport is the foundational unit 
upon whkh the entire Turner System is 
based. It can be moved in restricted 
space by the hand Jimmy, power lift 
truck, crane, tractor or conveyor. With 
Turner Piling Stakes, the load may be ex¬ 
panded vertically to any practical height. 

Steel or wooden bin sections and section 
trays also interlock one on another on top 
of this Transport, thus making always 
available bins as high or low as the parti¬ 
cular job requires. 

For further information write to Factory 
Service Col., 4616 North 21st St., Mil¬ 
waukee 9, Wis. 
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CARRIER FOR WELDING ELECTRODES 

Preventing scrapping of welding elec¬ 
trodes due to cracked and chipped flux 
coating (caused by current practice of 
having them strewn over the floor), this 
two-purpose case is designed to carry a 
supply of electrodes suspended from weld¬ 
er's belt. Extra division is provided for 
carrying an Atlas Weld Cleaning tool. 



Time saved in having both electrodes 
and chipping hammer constantly at the 
welder's hand will quickly repay the origi¬ 
nal cost. 

Long life is assured by heavy harness 
leather construction, riveted for penna- 
nence. Broad loop is provided for attach¬ 
ing to welder’s belt. Capacity is 8 to 10 
lb. of electrodes. Height of case is 12 in.; 
diameter SVt in. 

Made by Atlas Welding Accessories Co., 
14824 Wyoming Ave., Detroit 21, Mich. 


A SPOTUGHT FOR WELDING 

An arc welder before he strikes his arc 
is as blind as the traditional bat. Objects 
under normal illumination cannot be dis¬ 
tinguished through the smoked glass win¬ 
dow of his mask although the arc is so in¬ 
tense as to provide ample light after weld¬ 
ing begins. 

A new spotlight at the Westinghouse 
Research Laboratories takes out the guess¬ 
work of striking the arc in the proper 
place. It casts on the work area a light 
twice as bright as the brighest sunlight on 
a seashore in summertime. This light is 
intense enough for the welder to see the 
spot to be welded even through his 
mask filter. A footswitch makes it pos¬ 
sible to turn the light on for an instant to 
locate the spot where the arc should be 
struck. 
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This bright beam of light, furthermore, 
is produced without creating much heat— 
which is an important point to a welder 
working in a small welding booth in the 
summertime. By using a lamp* of the 
sealed-beam type, 10,000 foot-candles is 
thrown on the work 3 ft. from the lamp 
with an expenditure of only 32 watts, 
less than one third that of a good reading 
lamp at home. It is expected that two 
lamps will be used to provide an overlap¬ 
ping pattern, totaling 20,000 foot-candles. 
Because the light can be concentrated 
much better from a low-voltage lamp, the 
110-v. supply is reduced to 6 to 8 v. by a 
small tran^ormer built into the back of the 
reflector. A shield with blackened interior 
extends some distance in front of the lamp 
to prevent stray light from causing glare 
to a neighboring welder. 

These lamps can be clamped to a simple 
upright or arranged on a horizontal bar. 
Simple horizontal and vertical adjust¬ 
ments provide accurate placement of the 
beam spot. Still a laboratory develop¬ 
ment, the new lamp is not commercially 
available. 


PROTECTIVE EQUIPMENT 

Ankle and foot protection against 
acids, alkalis, oils, solvents and greases is 
provided by a new spat announced by the 
American Optical Co., Southbridge, Mass. 

The spat is made from a coated fabric 
which gives the same protection as rubber 
but is much lighter in weight and ex¬ 
tremely flexible. 



Three snap fasteners at the top and two 
at the bottom make the spat easy to put 
on and adjust, and assure quick removal. 
An elastic strap fits under the instep. 
Large flare assures over-all protection of 
instep. It is neat, snug fitting and com¬ 
fortable. Pants may be worn over the 
spat or tucked inside. 


WELD AND SEQUENCE TIMER 

A new weld and sequence timer for 
providing the various time and current ad¬ 
justments necessary for welding heavy sec- 
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tioos of air-hardenable steels, has been an¬ 
nounced by the Industrial Control Divi¬ 
sion of the General Electric Co. Although 
thw timer, known as Type CR7603-F170. 
is especially designed for use with a G-E 
ignitron contactor and a heat control 
panel, it can also be used in combinatkm 
with most G-E spot-welding controls 
which include the phase-shift method of 
heat control. 



Front View Showing Door Open, and Show¬ 
ing Indicating Lignti, Time and Current 
Adjustments, Pressure Period Adjustmont 
and Tube# 

Operating from 230/460/575 v., 60 cy¬ 
cles, the control adjusts the time of cur¬ 
rent flow and its magnitude for preheat¬ 
ing, welding, grain reflnement and tem¬ 
pering. Other adjustments control the 
time for chilling the weld nugget following 
the weld and grain refinement periods. 
For variations in control voltage of -+-10 
to —20%, consistency of timing will be 
within plus or minus one-half of 1% of 
the time setting. However, it is recom¬ 
mended that a G-E cuirent-r^^ulating 
compensator be used with this combina¬ 
tion to correct for variations in welding 
current caused by line voltage variation or 
the introduction of magnetic materials into 
the throat of the welding machine. 

This control consists of nine time inter¬ 
vals, seven independent heat adjusters, 
two pressure interval timers, one squeeze 
timer, one bold timer and pro%risions for a 
two-stage foot switch, all housed in a 
steel enclosure. Control adjustments are 
easily accessible on the front of the panel 
and each timer has a separate time ad¬ 
justment and an indicating light, which 
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gives a quick indication of which timer is 
in operation. The heat control potentio¬ 
meters have large graduated dials which 
enable accurate heat settings. A mini¬ 
mum number of tubes (6) are used to give 
the multiplicity of operations required. 


ELECTRODE HOLDER 

After long use and development in its 
own shops, Pacific Engineering Corp. is 
now marketing the Mor-Weld, a revolu¬ 
tionary, new type of electrode holder. 

One of its innovations is the heat-re¬ 
sisting, “fiverlast” plastic jaw cover. 
This new jaw cover, in competitive field 
tests and later in actual operation, out¬ 
lasted the conventional types by giving 20 
to 30 times longer service. This longer 



use eliminates the necessity for constant 
changing and servicing of jaw covers, as 
well as handle covers. An additional econo¬ 
mizer of time and money is Mor-Weld's 
flexibility which enables the welding rod 
to be consumed down to a mere stub with¬ 
out the necessity of bending. Grip holds 
all rod sizes. 

In addition, the quick-change, lever- 
action jaws can be replaced in less than a 
minute without tools. All parts are 
quickly interchangeable because there are 
no pins or bolts—which allows for fast 
servicing and cleaning. 

Manufacturer seeks distributors for this 
new, wanted tool. Write to Pacific En¬ 
gineering Corp., 3123 San Fernando Road, 
Los Angeles 41, Calif. 


NEW ELECTRONIC TIMER GIVES 
UNIFORM X-RAY EXPOSURES 

A photoelectric X-ray timing device 
now enables radiologists and technicians 
to obtain uniformly dense photofluoro- 
graphic exposmes with an over-all increase 
in operating efficiency of 100%. The elec¬ 
tronic timer, developed by the Westing- 
house Electric and Manufacturing Co., 
times each exposure properly, quickly and 
automatically. The timer in effect, meas¬ 
ures the light leaving the fluorescent 
screen on which the X-rays cast the object 
image. When sufficient light has left 
the screen for satisfactory film exposure, 
the photoelectric tube which scans the 
screen actuates a relay, opening the X-ray 
circuit and terminating the exposure. 

Although first used in medical radiog¬ 
raphy for mass chest surveys on miniature 
roll films, the development promises to 


be generally useful and will include in¬ 
dustrial X-ray analysis. Whether similar 
objects, such as castings, are moving rap¬ 
idly on a conveyor or whether a variety of 
irregular objects must be X-rayed, the 
electronic timer will provide uniform ex¬ 
posures quickly and efficiently. 

Use of the photoelectric cell to control 
exposures in photofluorography was first 
undertaken by Dr. Paul C. Hodges and 
Dr, Russel E. Morgan at the University 
of Chicago. The electronic timer takes 
advantage of the nature of the photoelec¬ 
tric tube whose output is proportional to 
the light striking the cathode. 

The heart of the Westinghouse Photo¬ 
timer is the so-called phototube camera 
consisting of a lens which scans the fluor¬ 
escent screen, a photoelectric multiplier 
tube and a condenser—thyratron—relay 
system. The phototube camera is mounted 
beneath the photofluorographic hood and 
“sees" the object image on the screen 
which is “seen" by the photographic cam¬ 
era at the apex of the hood. Light from 
the screen initiates a small current in the 
photoelectric tube which is greatly ampli¬ 
fied. The output current charges the 
condenso- until the proper ionization volt¬ 
age is reached when the thsratron fires ac¬ 
tuating the relay which opens the X-ray 
circuit and terminates the exposure. 
Proper choice and design of circuit con¬ 
stants enable the timer to maintain the 
correct exposure factor for uniformly 
dense film exposures. 

Two factors account for the initial de¬ 
velopment of the timer for chest photo¬ 
fluorography: (1) the importance of mass 
chest surveys in controlling civilian tuber¬ 
culosis and (2) the demands of the Armed 
Forces in examining large numbers of in¬ 
ducted men. “Miniature photofluorog¬ 
raphy—taking small-film photographs of 
full-scale images created on a fluoroscopic 
screen by the action of X-rays—is the 
only practical and economic way to con¬ 
duct the mass chest surveys necessary to 
detect the presence and prevalence of tu¬ 
berculosis in the whole population,” ex¬ 
plained A. P. Craig, manager of the X- 
Ray Division of the Westinghouse Co. 

Until now, a major difficulty barring 


full utilization of the analytic capabilities 
of X-ray has been the la^ of automatic 
exposure controls. The use of the new 
phototimer, according to Henry D. More¬ 
land, manager of engineering of the 
Westinghouse X-Ray Division, automatic¬ 
ally assures a correct X-ray exposure, en¬ 
abling the technician not only to double 
the number of exposures formerly made 
but to achieve better and more useful 
results as well. 

"In order to evaluate accurately X-ray 
pictures," Mr. Moreland said, “it is im¬ 
portant that the exposures be uniform in 
density and in what photographers call 
contrast—the sharpness of difference be¬ 
tween the light and the dark areas." 

X-rayed objects may vary not only in 
size and thickness but even in the degree 
to which X-rays are transmitted. These 
variables make it difficult to obtain uni¬ 
form film exposures. Expert technicians 
develop considerable skill in estimating 
X-ray penetration, but such evaluations 
and measurements are time-consuming 
and at best are only approximations. 
Therefore, even the best technician can 
only attain comparative uniformity of 
film exposures. The new Westinghouse 
Phototimer is a device to turn the speed 
and accurate perception of electronics to 
this test.” 


BOUND VOLUME JOURNAL 

The American Welding Society has 
made arrangements for members who wish 
to have their Journals for 1944 bound in 
attractive, black cloth covers, to do so by 
sending copies of the twelve issues to 
Russcll-Rutter Company, Thirty-Third 
Street and Eighth Avenue, New York, 
N. Y., Att. Mr. Russell Lauben, Jr. A 
special reduced rate has been arranged at 
$2.50 per volume providing the issues of 
the JoTJRNAL are sent to the binder on or 
before March 1, 1945. Journals received 
after this date cannot be bound at this 
reduced rate. The bill for the binding and 
return postage will be sent direct from the 
Society's office. 
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resistance welding 


Spot, seam or flash welding steel in heavy gauges can now be 
accomplished on a balanced three phase load. This revolution¬ 
ary achievement in power efficiency overcomes many limitations 
encountered with a.c. single phase welders. These are: disturb¬ 
ance to the usual three-phase supply by the unbalanced load, 
the heavy reactive load which results in low power factor, and 
the high power demand caused by secondary resistance. The 
Sciaky “THREE-PHASE” system reduces cost of power instal’ 
lotion and cost of operation by providing: 

1. A balanced three-phase load 

2. Operation at near unity power factor (less KKi) 

3. Decreased CKtual power demand (less KW) 





As shown in the sche¬ 
matic diagram, all three 
phases of the a.c. line 
current are converted 
by an ignitron type rec¬ 
tifier to d.c. The weld¬ 
ing transformer is of 
the standard single¬ 
phase type, but has a center-tapped primary. The d.c. current is fed to 
the primary through a system of two ignitron tubes which fire alter¬ 
nately and allow the current to flow through only one winding at a time. 
Thus, while the direction of the current supplied by the rectifier is always 
the same, since it flows in only one winding at a time during successive 
impulses, it will flow in opposite directions in the primary. Therefore, 
the induced welding current in the secondary is a continuous alternating 
impulse of low frequency ... of ideal wave shape and magnitude. 


Bulletin 204-A describing fully the operation of the 
Sciaky “THREE PHASE** wUl be gladly sent on reqtsesi. 



Monufactwreri of o Compist* Lino of AC ond DC Eloctrlc Roilitoneo Welding Mochlnat 

4915 West 67th Street Chicago 38, IllineU 

Offices in Detroit, Los Angeles, Washington, Cleveland and New York 
Representatives in Principal Cities 
In England: Sciaky Electric Welding Machines, Ltd., London 
In France: Sciaky S. A., 13. IS Rue Charles Fournier, Paris 
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r^. 8—HMt-Aif«cted Are« o! the Pipe As-Welded. Etcbaoit 
3% Nital—100 X 

n.^tol structure on left. Heat-affected structure of the pipe 
net* on right 


150f»' F.; (c) 1400° F.; (d) 1300° F.; (e) 1200° F. 
Figure 5 shows the location of these five probe samples. 
\ pr-'ibe sample was also removed from a location near one 
end oi the pipe to show the original hot-rolled structure. 

Results 

The maximum temperature recorded during test 
ws-^ 1740° F. and the maximum output of the power 
was approximately 120 kva. This indicates 
-omewhat higher temperatures could have been 
under the ambient conditions of approximately 
F., if desired, since the transformer w'as rated at 135 
kni- r or lower ambient tem|)eratures the same pow'er 
T7 J be sufficient if the thermal blanketing, for ex- 
were extended. The desired normalizing tem- 
perr.ture of 1725° F. was reached without difficulty in 
sUehtly over I'/j hr. 

errre the efficiency of the induction heating process is 
much gre_ler below the Curie Point than above it, 
fur»*-rr hc-.iting above the Curie Point was accom])lished 
■ ;.*y through a large increase of the coil current. The 
iT're in coil current, however, took place autoinatic- 
-J‘y as result of the reduction in the permeability 
of the pipe material as the Curie Point was passed and 
th’ temperature continued to increase at a nearly con¬ 
stant rate ns shown by Fig. 3. At the temperature of 
!72'»' F., the coil current was approximately twice as 
larg** w w’ould normally be used for stress relieving the 
section at 1200° F. 

The transformer capacity required for nonnalizing 
14-m. diameter, Schediile 100 pipe is approximately 125 
kva This, of course, will handle all smaller sizes. 
For the winding employed in this test, namely, a 43-turn 
winding of Vrin. diameter copper tubing, the maximum 
posver output of the transformer was apj)roximately 
120 k-v;: . obtained when the current on the winding was 
77-^ amp. and the potential was 155 v. Since the induc¬ 
tion beating effect is a function of the number of turns 
and the amount of current in the winding, it will be ap¬ 
parent that the winding must be designed to suit the 
transformer. 

Although approximately 18 in. of the pipe was covered 
by the heating coil, only the center section of approxi¬ 
mately 6 in. reached 1700° F. as shown by Fig. 4. Fur- 


mvcNiS 
normali/i 
metal s’m' 

shown. Becan* _ 

ent heats of the 
heat treatment, weloL 
peated for the particula 
gation. This w’as done' 
probe sample taken from i. 
the earlier study an actual' 
microstructure of the heat-aff7^“3»^ —- 
bead weld in the probe sample I' * - - • 

complete elimination of the nai" ‘ . 

adjacent to the weld through non; ; 

shown by the structure in Fig. 9. " I ■ 

The coarse-grained Widmanstattc'J; :' V,' - 
was typical of the hot-rolled cor-^^ 

The metallograpliic structures resulti*-^ 
inalizing test are shown in Figs. 11 thn- ‘ ‘ - 
No significant structural change was foiiii ‘ ' 
representing the section of the pipe hea7 ; 
during this test (Fig. 11). I: . ■ . 

A marked structural change was fount' • 

typifying the 1300 and 1400° F. tempera^’’ ■ 
by Figs. 12 and 13. A relatively fine-gT« , 
type of structure was obtained at 1500° F. : . 
at 172.5° F. a coarse-grained Widmanstatt.:'! ; 


Fig. 9—Fuaion Zone After Nermalixing at 1725 F. Nc 
M&ce of Heat-Affected Area. Etchant 3% Nital— 

Fonner heat-affected structure in the pipe metal on lef 
metal on right. 
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CE ALONG PIPE-INCHES- 

0 4"' 8"' I2" 
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(1 from which probe somples were token, selected on bosis of this curve 
See figure 5 

Fig. 4—Temperature Gradient During Normalizing 


e pipe and a portable potentiome- 




/ure-current relation during test is 
jlightly over 1 ‘/j br* were recmired to 
ing temperature of 1725® F.,* and in 
Ai. from the start of the test the current 
:d the pipe permitted to cool. When the 
4perature was reached, it was necessary 
.:oil current to maintain the temperature 
ed limits. 

e the metallographic structures resulting 

ture b • requirement of the specification prepared by the 
/ covering the fabrication of carbon-molyMenum seamless 



5- 14*ln. Carbon-Molyl>deiium Pipe Alter Local Normal- 
Jig Showing Location erf Weld*ProlM Samples for Metallo* 
graphic Study 


from the normalizing test, five probe samples were re 
moved from the pipe at the following temperature loca 
tions as determined by the curve (Fig. 4) prepare< 
from the potentiometer readings: (a) 1725® F.; (5 



Fig. 6- Carbon-Molybdenum Pipe-to-Pipe Weld in the Ae* 
Welded Condition. Etchant 5% Nital -1.5 X 



Fig. 7—Pipe Weld Alter Normalizing at 1725 ’ F. Note Al>> 
aence of me Heat-Affected Area. Etchant 5% Nital—l.S X 
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Trends in the Use of Welded 
Machinery Parts* 

By Edward I. CHarlton^ 


T his discussion of trends in the use of welded ma¬ 
chinery parts will be limited to components fab¬ 
ricated from low-carbon hot-rolled steel and its 
related alloys. The topic is timely, for the use of welded 
machinery parts is about to enter what is perhaps the 
most impoitant stage in its growth. As a broad and 
fundamental trend, this use over a period of roughly 15 
years since its inception has gained the status of general 
acceptance for welded machinery parts. 

If it can be said that the utilization of this new type of 
construction has aided our war effort, we can be thankful 
that service records in many prior applications proved the 
effectiveness of weldments. Not only have these rec¬ 
ords served to prove the adequacy and engineering value 
of welded machinery parts but also from these service 
records in diverse fields, certain convictions or assump¬ 

* CoDtribated by the Metals Bogioeeriog Division for presentation at the 
Annual Meeting, New York, N. Y., Nov. 27 to Dec. 1,1944, of The American 
Society of Mechanical Engineers. 

t Assistant to President, Lukenweld, Inc., Division of Lukens Steel Co., 
Coiatesville, Pa. 


tions in design philosophy have been substantiated, par¬ 
ticularly under operating conditions embracing fatigue 
and impact. 

One weldery alone dating from 1930 has produced or 
collaborated in the design of welded steel machinery 
parts for nearly 700 different users in 15 industries. 
These parts have gone into service in 28 states as well as 
in foreign lands. 

The basic impetus behind this general acceptance can 
be divided into two parts: one, economic; the other, en¬ 
gineering. 

An additional impetus during the war years has been 
an abnormal urgency of acquiring necessary parts by any 
means, as quickly as possible, with the result that many 
times, normal economic justification must have been 
nonexistent. Doubtless the spread in use of fabricated 
parts has been accelerated simply because trial samples or 
educational designs embodied them. During the war 
period great quantities of duplicate weldments have 



Tig. 1—^Housin? lor a 25S-Ton Io 9 gling Press Used lor 
Crimping Edges o! Plates. This Housing Measures 
10 FL 8 In. Long z 4 Ft. 8 In. Wide z 11 Ft. 6 In. High 
and Weighs 33,040 Lb. 


Fig. 2 —A Gear Housing, a Weldment Produced by the Hundreds. 
The Weldment Is Justiii^ Because of Its Higher Degree oi Predic¬ 
tability, on Its Reduction In Repair Time, Over Former Type of 
Construction 
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been fabricated, while under normal conditions the in¬ 
vestment necessary for plants, tooling and other equip¬ 
ment to produce these parts might have awaited eco¬ 
nomic justification. 

Welderies Have Developed Industrially 

Hence, we will enter the postwar period with existing 
welderies taking definite forms as industrial units scat¬ 
tered throughout the nation, with many of them devoted 
exclusively to production of machinery parts. Already 
some have developed as subsidiaries supplying parts to 
plants producing finished machinery. Others have de¬ 
veloped as an outgrowth of plants previously engaged in 
other types of fabrication. Still a third group has spe¬ 
cialized solely in the production of welded machinery 
parts. Such growth and development is in contrast to 
that of the foundry industry. 

It is impossible to discuss this subject of welded parts 
practically, without contrasting its aspects often with 
those of the foundry industry, because structural parts of 
machinery traditionally have been castings. However, 
no implication is intended in this article l^at a struggle 
between the foundry and the weldery should exist. 

Drawing a comparison with the foundry industry, we 
see the use of cast iron growing steadily in step with the 
progressive mechanization of industry. Cast steel en¬ 
tered the field as a material vastly superior in its physical 
properties to any then existing iron. The steel foundry 
clearly is a child of necessity. 

By contrast, the use of welded parts was inaugurated 
with no clear-cut apparent general necessity. Tradi¬ 
tional media for producing structural mechanical parts 
did exist. Hence relatively fine lines of distinction from 
standpoints of economics and engineering had to be de¬ 
veloped. These distinctions were established on the de¬ 
sign philosophy of full utilization of the superior proper¬ 
ties of rolled steel with the result that an engineering 
service has developed of necessity as a part of this new 
industry. 

That future trends in the use of welded machinery 



Fig. 3—High-Speed Blower Fan, Composed ol Central Forging 
with Forged Vanee Welded to It. These Fane Operate at 5000 
Rpm. and Are Tested at 7500 


parts will be based on well-equipped existing welderies 
is a fairly drawn conclusion, and they will compete by 
every legitimate means to maintain themselves. War¬ 
time production will affect these trends by providing 
broad statistical service records which have been made 
under most drastic conditions imaginable. Basic cost 
data will be available in addition to existing experience 
in design, methods and quantity tooling. This acceler¬ 
ated development can be compared with prewar condi¬ 
tions, when contracts covered small quantities. In those 
years, the complete exploitation of the process by pro¬ 
duction tooling was not justified. 

On the other hand, undoubtedly.much misuse of weld¬ 
ments has resulted because of war necessity. Instances 
of their application because of scarcity of other materials 
must exist. Criteria established by battle damage pos¬ 
sibly has introduced the use of weldments in applications 
not justified commercially. Inevitably with respect to 
such applications the trend will be toward reversion to 
the use of castings. 

Without doubt certain changes in design criteria are 
due, for weldments have been applied to machines, the 
over-all design of which was frozen for one reason or an¬ 
other. Possible superior advantages have been sub¬ 
merged in such applications. Unless the machines are re¬ 
designed to realize the full value of welded construction, 
reversion might occur. 

Basic Reasons for Trends 

Several fundamental basic reasons for normal trends 
in the use of welded parts apply to the selection of any 
engineering material and they reflect either economic or 
engineering concepts or a combination of the two. These 
reasons are: comparative first cost, predictability, 
strength characteristics, need for greater rigidity, weight 
reduction, wearability, operating efficiency and natural 
adaptability. 

These factors determine the selection of a material or 
process, and usually one of them dominates, with the 
others as lesser influences. 



Fig. 4—End Portion of Rotary Mixing Unit in a Chemical Proc- 
etf, Which Ib in Continual Operation. The Cmtxal, or Hob 
Section, and the Rim Are of C^ Sted. The Reet of the Con- 
atrucUon Is Steel Plate. The Head Is 9 Ft. 8^/j In. O.D. and 
Weighs About 6000 Lb. 
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Cost Is Fundamental 

Comparative initial cost is the first on our list of 
reasons. 

If the design is adequate ... if it is economical ... if 
possible indirect economies have been considered in cost 
comparisons ... if the specifications are clear and con¬ 
clusive . . . this fundamental reason loses its engineering 
significance. It becomes purely an economic considera¬ 
tion and a function of the Piu’chasing Department. 

Predictability Is Insurance 

The second of our reasons is predictability. This can 
be a matter of insurance as in the open side press frame, 
Fig. 1. This weldment replaced a fractured cast frame 
in an existing press which had been in operation for a 
relatively short time. It was installed several years prior 
to the war. 

Such insurance is an economic reason justifying the 
use of a new type of structure. If the first cost of the 
weldment exceeded that of the casting, the premium can 
be considered as that on an insurance policy against fail¬ 
ure. Machining, installation and loss of production 
while the replacement was being built also are cost fac¬ 
tors. An obvious trend exists here since weldments are 
being widely used in such heavy machinery. 

Another item involving predictability is rejection or 
scrappage. We have a small item, Fig. 2, which has been 
produced by the hundreds. It is hard to conceive that its 
first cost could compete with that of a casting. The use 
of this weldment stems from the alleged expenditure of 
an average of 75 hours for repair on each such casting. 
This may seem an exaggeration, but on the other hand, 
it may not since magnaflux was used as an inspection 
method on both casting and weldment. At any rate, the 
user of this part apparently feels that a weldment is jus¬ 
tified because of its higher degree of predictability.- 

The weldery cannot be held responsible for "stealing” 
this item from the steel foundry since the user was about 
to substitute bronze when the weldment entered the pic¬ 
ture. 

A report on the repair time states that the alleged 75 
hours previously necessary have been reduced to one or 
two hours on the weldment. 

Another element, relatively unimportant in predicta¬ 
bility, is that on large pieces, less metal need be removed 
in machining. Personally I have seen */i- to 1-in. stock 
being machined from steel castings of large dimensions. 
Yet weldments of such size can be produced with an al¬ 
lowance of •/( in. 

All these factors involving predictability in the trend 
of weldment use have only economic significance. 

A factor of engineering significance is consistent pre¬ 
dictability required by severe operating conditions. 
This high-speed blower fan. Fig. 3, is composed of a cen¬ 
tral forging with drop-forged vanes welded to it. These 
fans which operate at 5000 rpm., and are tested at 7500, 
have been used for several years prior to the war. 

Obviously the inherent soundness of the forged and 
welded steel is considered insurance against failure which 
would be very serious at the speeds indicated. 

Comparative Strength Characteristics 

The third reason behind the trends which we are dis¬ 
cussing is the comparative strength characteristics of 
competing materials. 

Figure 4 shows the end portion of a rotary mixing unit, 
many of which are in operation in a chemical process. 
The original design used steel castings and properly so, 
for at that time weldments as machinery parts did not 
warrant consideration since too little was known about 
their design. The castings failed consecutively following 
a limited service life. Repairs were attempted unsuc- 


Fig. 5—Beam of Welded Steel, Which Moves at High 
Speed In a Reciprocating Motion. It Is About 7 Ft. 0 In. Long 
with a Cross Section Approximating 8x9 In., and with Walls 
*/te In. Thick 



Fig. 6—Conventional Bed for a Machine Assembly. The 
Primary Members of Underside Stiffener Diagonals Are Closed 
Box Sections 


cessfully so that replacement became a somewhat normal 
procedure. The difficulties of shape and size limitations 
apparently were such that a steel casting of designed 
strength was not possible. 

Finally, attempting to eliminate constant replacement, 
the user considered a weldment. The piece shown is the 
result which has now become standard in this applica¬ 
tion. The original installation has been in service for 
over five years and no replacements have been necessary. 
No change in the mechanical design was needed; the 
weldment simply replaces the casting within the size and 
clearance limitations imposed. 

A substantial part of the welded structure remains a 
steel casting. Castings were used in the design where 
economical, as well as to obtain flowing contour inherent 
in a casting at points where such is desirable. 

We have here a profound difference in the concept of 
applying castings. The castings used in this part are of 
such size and shape as to be desirable and readily pro¬ 
duced in the foundry. This is in contrast to the difficult 
production features of the entire piece as a single casting. 

Two things are apparent here in connection with com¬ 
parative strength characteristics. First, steel plate has 
been substituted in the large flat expanses involved and 
secondly, the concept of welding has permitted the elimi¬ 
nation of the fundamentally weak points. The piece is 
broken into small components of predictable strength; 
integrated with welds of predictable strength. 

In such a mechanical part, a comparison of physical 
properties applicable to static loading conditions is not 
adequate. Repetitive and reversed loading occurs, and 
the endurance limit of the structure becomes the con¬ 
trolling criterion. There is a trend toward making the 
endurance limit and impact resistance definitely specified 
properties of materials to be used in the structural parts 
of machines. 
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Rg. 7—Mooring Bitti Used for Maritime Porpoeea. The Parte 
Wete Pressed emd the ^pe Assembled and Welded to the Tqpa 
and the Bases 


are made because the repeated assertion in the early 
days of welded steel, that cast iron is stiffer, is still heard 
occasionally. 

The welded part shown in Fig. 5 was redesigned into 
welded steel many years ago. It is about 7 ft. long with 
an approximate cross section of 8 x 9 in. In welded 
steel its walls are Vm thick. Clearly with such thin* 
ness it is lighter in weight than any design possible as a 
casting. Its function demands maximum rigidity, but 
minimum weight is desirable also. It moves at high 
speed in a reciprocating motion. 

Fulfillment to a higher degree of the necessities just 
mentioned was provided by the weldment and greater 
operating efficiency resulted. 

. 9—Upp«r Cam ior Housing Spssd Roducing Gosrs, oi 
•Welded Sted Construction That Weighs 4^000 Lb. end 
Is 18 Ft 6 In. Wide s 8 Ft 8 In. Lmg x 7 Ft 10*/i« In. High 


Much has yet to be established by research, regarding 
such properties. Our knowledge regarding phenomena 
resulting from multiaxial stresses is limited also. How¬ 
ever, the progressive accumulation of such knowledge 
will promote meticulous care in design and production 
so that present-day castings or weldments will seem 
crude in shape and quality by comparison. 

Maximum Rigidity Considered 

Our fourth reason behind the trends in the use of weld¬ 
ments is maximum rigidity and this must be considered 
within definite weight and space limitations to be dis¬ 
cussed clearly. 

Maximum rigidity so limited, obviously can be reil- 
ized only by disposing material with the highest possible 
modulus of elasticity in the most effective manner. 
Simply put, there is no question that an iron casting is 
more rigid if it weighs enough or is sufficiently larger in 
cross section. 

The foregoing remarks may seem elementary, but they 



Fig. 8—Second Reduction Gear Blank. This Gear Blemk 
Weighs 25,000 Lb., Measures 12 Ft. 11>/. In. O.D. It Has a 
3 Ft. 4*/4 In. Face 




Figure 6 is a conventional bed for a machine assembly. 
Since its over-all depth is limited, the user sought maxi¬ 
mum rigidity within this restriction. The maximum is 
provided therefore within the extent of our knowledge of 
materials by steel disposed in an effective manner. The 
stiffeners on its underside are diagonal, and the primary 
members are closed box sections. The thickness of metal 
is dictated only by design considerations. 

Weight Reduction 

Our fifth reason in the selection of a structural part is 
weight reduction. This reason has established to a great 
degree the trend in the use of weldments. Weight is a 
watchword in transportation equipment with current 
emphasis on increased speed, safety and operating effi¬ 
ciency. 

The item shown in Fig. 7 is typical of many relatively 
unimportant or prosaic fittings applied on the decks of 
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Tig. 11—Welded Steel Truck Frame We^hing 3950 Lb. 
The OTer>all Dimensions of the Frame Are IS Ft 0 In. Long x 
7 FI. 6 In. Wide z 2 Ft. 3 In. High 


Ftg. 12—^Welded Engine Bed Used on a Railroad Mottve 

Power Unit The Completed Engine Bed, Weighing 3 Tons, 
Supports 30 Tons of Load 


maritime vessels of all types. Traditionally, they were 
castings of greater over-aU weight. If they can ^ pro¬ 
duced as castings at equal weight they will revert ^ti- 
mately if prices are competitive. 

Of the two items shown in Figs. 8 and 9 the one in Fig. 
8 is a gear blank, the other in Fig. 9 a housing of the same 
mechamism, both of which came into being in the search 
for minimum weight. They were used first as structural 
parts of marine dnves on naval vessels in the days when 
“treaty limits” were the design basis for our Navy's 
ships. Such items replace castings of relatively enor¬ 
mous weight. 

Apparently they show marked superiority in resisting 
the abnormal loa^ imposed by the explosives forces of 
battle damage, but they are used extensively in cargo 
vessels also. 

Weight reduction dictates the engineering selection of 
construction for this Diesel engine frame, Fig. 10. This 
frame is more complicated than it appears. Much of it 
is composed of metal '/u in. thick, and such thin sections 
throughout its structure connect with much heavier sec¬ 
tions in a somewhat abrupt manner. There are laby¬ 
rinths in its shape involving many small enclosed pockets. 
Clearly it would be difficult, if not impossible, to use any 
other known form of construction with less weight. 

Thousands of these frames have been produced with¬ 
out question of predictability or design hazard. They 
are neither scrapped in production nor are they replaced 
due to service f^ure. 

Another major form of transportation involving mini¬ 
mum weight in equipment is the railroad. Figure 11 
shows a car truck frame fabricated mainly of hot-rolled 
plate of Vr thicknesses with a few steel cast¬ 

ings included. The user feels that 30% has been saved 
in the weight of this frame. 

Figure 12 is a much publicized and ancient item of 
welded construction in railroad service. It is the entire 
foundation—25 ft. long, 10 ft. wide with the greater part 
of its structure in. thick—of the front end of the 
Zephyr type, high-speed, lightweight trains. 

It is inconceivable that such a structure in one piece 
could be obtained by any other known method at equal 
or less weight. 

Wearability 

Wearability, the sixth point mentioned as establishing 
trends in the use of weldments, is typified by the part 
pictured in Fig. 13. It is a plate 8 in. thick, 23 in. wide, 
and weighing 12 tons formed in the bending rolls to a 12- 
ft. circle and butt welded. After finishing, these weld¬ 
ments are used as “riding rings" on rotary kUns, as shown 
in Fig- 14. Wear nattu^y controls their service life, but 
they do not wear out as quickly as those previously used. 


Increased Operating Efficiency 

Our seventh reason is increased operating efficiency of 
the machine in which the parts are used. 

The dryer roll, shown in Fig. 15, is an important ad¬ 
vance in the use of welded machinery parts. It is a 
steam-heated dryer used in the paper, printing, drug and 
textile industries. Traditionally of cast iron, at least 
250 welded steel dryers are now in use, some of them for 
more than 10 years. They are lighter in weight than 
castings, but this is not usually a prime consideration. 
In one application steam consumption was reduced ap¬ 
proximately 40%, and yet production was increased. 



Fig. 13—Riding Ring Measuring 12 Ft. 0 In. O.D. x 10 Ft. 8 In. 
LD. z 8 In. Thick and Weighing 12 Tons, lor Use on a Rotary 
Kiln 
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The thickness of the outer shell on the dryer shown is 
approximately V* in. The dryer operates under a steam 
pressure of 100 lb. The replaced iron dryer, with much 
thicker shell, carried 20 lb. of steam. 

In one application the weldment directly replaces a 
cast-iron dryer in a paper machine which was long in 
operation. Production was increased to a large extent 
because the initial drying capacity of the machine con¬ 
trolled its productivity. Since ^e installation of the 
weldment, another part of the machine has become the 
bottleneck. 

Natural Adaptability 

The final item establishing trends is natural adapta¬ 
bility—that is, the suitability of a welded structure to 
design requirements. In the foreground of Fig. 16 is a 
typical example of a beam weighing approximately 30 
tons. Roughly it is 50 ft. long and 6 ft. high with flanges 
5 in. thick, and web plates ’/g in. thick. 


Fig. 14—Clote-up of Riding Ring in Use as a "Tire" on the 
Kiln Showing Rollers on Which Ring Rides 

It seems obvious that this form of construction is most 
suitable for parts of this nature. Clearly, riveted con¬ 
struction would not be more adaptable or economical. 
It is not likely that castings in either steel or iron would 
be more economical. Figure 17 shows this beam in use. 
The machine is a huge bending roll for the forming of 
large heavy plates. 

Elementary Factors 


Fig. 15—Welded Steel Dryer Cylinder, Designed te Operate at 
100 Lb. g 4 Steam. CH the Doable Shell Type, It Is S Ft. 0 In. 
O.D. and Has a 4 Ft. 0 In. Face. It Weighs 4665 Lb. 


Fig. 16—Two of Three Welded Steel Girder Beams, One Tm 
and One Bottom, for Use in the Construction of a Strongback 
Roll, Shown in Fig. 17. In the Foreground Is a Bottom 
Girder 49 Ft. 8V> In* Long x 5 Ft. &*/« In. nigh x 2 FI. 6 In. 
Wide, Weighing 57,980 Lb. The Top Girder, in Background, 
Is 40 Ft. 8 In. Long x 6 Ft. OV4 In. High x 2 Ft. 6 In. Wide. 
Weighing 56,480 U>. 


r j j. 1 e ^ 1 .' Fig. 17—Strongback Bending Roll Using 3 Girder Beams of 

In most applications the fundamentals of selection Wmded Construction, with a Screwdown Capacity of 2,400,000 
apply in combination. The foregoing eight examples are Lb. 
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Fig. 18—Weld«d Steal Parte for Paper>Making Machinery Rg. 19—Frame for 16-Cylinder Engine. Thte Frame Meas- 

vrea 11 Ft. 6V« !&• Long n 2 Ft. 11 u. Wide x 3 Ft. TVi In- 
High, and Weighs 8800 Lb. 


intended to illustrate the predominance of the reason 
under which each was described. Many of the examples 
and much of this discussion are well known—possibly ob¬ 
solete information. Our intention is not to add to funda¬ 
mental knowledge in this discussion, but to pause at this 
point of impending industrial change and review these 
elementary factors behind the trends. 

Developments excited by wartime considerations have 
been avoided deliberately in our instances. The prosaic 
examples that we have shown were selected, ^t, to 
illustrate the varied reasons for the current trends in the 
use of weldments, and secondly, to show the breadth and 
depth of their application in many industries. 

Basic Fundamental Is Engineering 

Certain engineering fundamentals underlie the use of 
any type of construction or material. The basic funda¬ 
ment^ behind the trends in the use of weldments is the 
eo^neering utilization of rolled steel. 


Such utilization may involve simple supports such 
as those in Fig. 18, or it may involve a relatively complex 
structure such as shown in Fig. 19. 

Early weldments were considered practically as riv¬ 
eted stractures. It was asstuned that a welded joint was 
simply a joint. A pure butt weld was considered a hazard 
and structtu^s were designed to eliminate them. 

Electrodes, equipment and technique have developed 
progressively, so that today, a properly executed welded 
joint need not be regarded as a joint. A wide background 
of operating history substantiates this, for it is a recog¬ 
nized fundamental that a weldment when completed is 
not a number of separate components joined together, 
but a single, homogeneous piece of steel. 

The material, of course, must be weldable. 

Many types of carbon steel and its alloys are readily 
welded, but some require special care, involving for in¬ 
stance, pre-heating. 

Field welding, or structm-al repair, must be taken into 
account in the selection of steel. 
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® CONTOURS AND JOINTS ® HYPOTHETICAL © DESIGN SHOWN IN’s; A' 

IN WELDMENT ALTERNATE DESIGN A SINGLE PIECE OF META. 

Hg. 20—Outlines ol Primeiry Portion of Engine Frame Shown in Fig. 19, Dlustratittg 
Contours as Well as Positions and Types of Wdds 


Perhaps design loads are based on 
physicals dependent on special heat 
treatment. It is practically im¬ 
possible to so treat the weldment 
in the field. Possibly the steel is 
not weldable at low temperature. 
Ordinarily these can be said to be 
considerations of little importance. 
They do apply in the selection of 
materials, for instance, in railroad 
service. In wrecks of minor nattu^ 
structural parts must be readily re¬ 
paired either by rewelding or 
straightening. 

This is an instance of the type of 
thing considered in selecting ma- 
terisds for weldments, many other 
considerations exist. 

Design Criteria Also Fundamental 

The second fundamental is that of 
design criteria. 

Naturally, the first of these is the 
type of service required of the struc¬ 
tural part. The question of service 
requirements has been detailed in 
the eight basic reasons which we 


1948 


WELDING MACHINERY PARTS 


Digitized by LjOOQle 


119 






Rg. 21—Production Stages of a Weldment Component To 
Left Is Initial Billet Next, Rough Shape Rdled irom Bill^ 

VI.v^.Ai. ei_ 
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Rg. 22—Typical Subassembly, with Welding Comjdeted as 
Shown, Accessible from the Standpoint d Wdding and In* 
spection 
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have illustrated. However, we have an interesting specific 
example which involves many implications with regard to 
service requirements as a basic criterion of design. 

Several years ago a submarine was commissioned pow> 
ered by Diesel engines, the frames of which were of 
welded steel, similar to the one shown in Fig. 19. This 
vessel cpmpleted roughly 10,000 hours on these engines 
in normal service and from any standpoint the design of 
the engine frame had been proved satisfactory. Many 
hundreds of similar frames are in constant service today. 

This particular submarine, however, has a very inter¬ 
esting history from the engineering standpoint. We 
hear that she was depth charged many times, on two 
occasions so drastically that she was blown to the sur¬ 
face. Ultimately the ship arrived on the West coast with 
known fractures in the engine frames. Some repair was 
executed at that time and she was then brought to the 
East coast tmder her own power for general overhauling. 

The engines were dismantled completely this permit- 


Fig. 23—Frame for Engine, in Which Typical Side Plate As¬ 
sembly Shown in Fig. 22, Is Used 


Rg. 24—Welded Steel Frame lor Hydraulic Press of 2000 Tons 
Capacity. The Frame Consists oi Two Sted Rates Fcwmed is 
U-Skape and Joined by Butt Welding 


ting detailed inspection with the result, the engine 
frames were replaced since many more fractures were 
discovered. To broaden the knowledge of design criteria, 
one of these fractured frames was returned to the fabri¬ 
cator for careful investigation. Location, type and pos¬ 
sible causes of the fractures were studied and all surface 
cracks and every inch of weld metal were examined care¬ 
fully. 

Exactly 126 separate fractures were found—undoubt¬ 
edly all occurred some time dtiring combat or shortly 
thereafter, since they were noticed while the ship was 
still at sea—^neverthdess the ship traveled several thou¬ 
sand miles, of necessity, following their discovery. 

With reference to type and location, the cracks be 
separated into a few categories. Some of them started at 
stress raisersdue to machined contotu^, others at contours 
about openings. The profoundly interesting finding is 
that no failure started in the welds, or parent metal, of 
primary load-carrying members, ^me of these mem¬ 
bers have t^o or more butt welds within their length. 
They are dynamically loaded in tension. 

Some failures started in welds of secondary members, 
welds that were deliberately designed as simple fillets 
with internal fissures remaining. It was assumed that 
the stress in them was of a type or direction that would 
make such joints adequate, and they are adequate for 
normal operation. 

Certain conclusions can be drawn reasonably from 
this service history: 

One is that design criteria for normal operation is much 
different than that required for battle action, if the struc- 
tmal parts of the power plant are expected to survive the 
hull or other parts of the vessel. 

Another conclusion is that a welded machinery part 
most definitely can be designed to withstand imusual and 
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^ 9 . 25—One oi Two Halves Which Were Bolted Together 
to Form a Complete Throat Ring for a Turbine Unit at a Large 
Dam. The Throat Ring Measures 27 Ft. 6Vi in. O.D. x 23 Ft. 
0 In. 0.694 In. I.D. z 22 Ft. 0 In. at the top z 7 Ft. 11 Vt In. High, 
and Weighs 66,960 Lb. 


executed that it need not be regarded as such. Other- 
wise you would expect the fracture to follow such a weld 
once it found it. 

Finally the frame was sufficiently rigid and structiu-* 
ally stable so that the severe shocks experienced still did 
not affect the operation of the engines.' They brought 
the ship home! 


If properties of the material are to be utilized effi¬ 
ciently the metal throughout the structure must be dis¬ 
posed properly. Where minimum weight or maximum 
rigidity are of prime importance, metal must be disposed 
so that design loads are carried 'with the most unif orm 
stress throughout or with the maximum moment of in¬ 
ertia possible. 

In Fig. 20, is an outline of the primary portion of the 
engine frame just discussed. With regard to the dis¬ 
position of metal, note the contours and the position of 
the welds. The frame could have been designed and 
built as shown at B and as a matter of fact many are so 
designed initially. Undoubtedly some have gone into 
service so designed at such points. 

It is reasonable to assume that even though they sur¬ 
vive normal service, abnormal service of di^tic nature 
will cause failure. At any rate it is our conviction that 
such designs are utterly tmpredictable and sinvive by 
good luck. This con'viction is supported logically by the 
assumption illustrated in C where the same outline is 
shown as though it were a single piece of metal—which it 
is. 

The internal voids shown exist to some degree unless 
the welds are made properly. Welds at such points in 
such a design are hard to make, and their X-ray inspec¬ 
tion is diffii^t also. 

If the section pictured in C were cast, it is a safe as- 
siunption that it would not be accepted with the fissures 
shown, yet many times such internal voids are designed 
into weldments. 

Another point concerning proper disposition of metal is 
external contour. Flowing contours are natural to cast¬ 
ings, the necessity being imposed by foimdry require¬ 
ments. They are necessary for another reason, too, in the 
structures of the type which we are discussing, because 
they provide relatively even stress levels; either de¬ 
signed or impredictable. This logically is an absolute 
requirement for minimum weight and maximum service¬ 
ability. 

Such design criteria cost money and there seems to be 
a natural tendency to just “weld” and hope for the best. 
Service records, however, substantiate our convictions 
on this score. 

What is the economic comparison between first cost 
and minimum weight or predictable serviceability if 
these two things are definitely required? 

Figure 21 shows the production stages of the compo¬ 
nent noted in the center of the left view in Fig 20, A. 

On the left is the initial billet. Next we have the shape 
rolled from this billet. Following this the part is further 
shaped to the desired contour by flame cutting on a mul¬ 
tiple torch machine. Finally the piece is rough ma¬ 
chined to required dimensions. Wdding kerfs are pro¬ 
vided in the same machining operation. 


Fig. 28—Fabricated Rear Azle Houaing 


Another typical criterion is the welding conditions 
imposed by ^e design. Full strength welds must be ac¬ 
cessible so that they can be executed properly. Too, 


Fig. 26—^Hali oi a Flanged Steel Head Ib Used to Provide the 
Vertical Vfalla and Rounded Comers of the Main Portion of This 
Weldment. It Is Part of the Upper Housing for a Ship Turbine 


indeterminate stresses. Those members and joints in¬ 
tended to carry maximum normal stress, survived the 
drastic shocks perfectly. 

Some of the fractures starting at other points crossed 
over welds in primary members which substantiates the 
conclusion that a welded joint can be so designed and 


Fig. 27—Component Fart of Rear Azle Houaing Shovm in Fig. 
26 
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Fig. 29—Drop-Forg«d Componento, Typical ol Thotuands 
Which Have Been Used in Weldments 


Rg. 30—DToj>-Forged Sections Which Were Flash Welded aa 
Shown to Form a Component ot a Weldment 


they must be designed so that they can be inspected 
readily. The first question here for the designer is the 
quality of weld required 

We have in Fig. 22 a typical subassembly as an ex¬ 
ample, with the welding on this completed as shown, 
accessible from the standpoint of both welding and in¬ 
spection. Shrinkage and warpage have been eliminated 
as effects on the final assembly. The other portion of 
the final structure also has been welded under most ac¬ 
cessible conditions. It has been inspected and controlled 
separately from the standpoint of shrinkage or warpage. 

Figure 23 shows the subassembly previously shown in 
its final position with the joining welds between this 
subassembly and the remainder of the structure executed 
through the openings. 

Trends in Typas of Components 

Definite trends emerge in the type and form of com¬ 
ponents being used in weldments. These trends are 
established naturally by economy and inherent design 
freedom. 

It is quite evident from the examples given that hot- 
rolled plate is the predominant component. Undoubt¬ 
edly this is due mai^y to the freedom in design that two- 
dimensional plates allow, for almost any conceivable 
size or shape can be designed using plate as the basic 
component. 

Judicious use of other types of components in combina¬ 
tion with plate provides added freedom and economy. 
The various methods of shaping or forming plate are util¬ 
ized for the same reasons. 


The most widely used plate component is, of course, 
the flame-cut shape. 

Bent plates typified by those shown in Fig. 24 are used 
to advantage in many applications. The stiffening side 
members of this hydraulic press frame are of plate formed 
on the press brake. Their use in this typical instance re¬ 
duces the welding required, provides initial stiffness or 
stability in the component, and adds to the appearance 
of the weldment. 

The primary member of this frame is composed of two 
plates formed on the bending rolls and butt welded. 

The utilization of plate components formed on the 
bending roll is exemplified also by this huge weldment. 
Fig. 25, which is part of a hydroelectric installation. 

Hot flanged or “spim” heads often are used to advan¬ 
tage as components. In the weldment shown in Fig. 26, 
one head is halved to provide the vertical walls and 
rounded comers of the main portion of this stmcture. 
Welding is simplified and better appearance results. 
With the advent of quantity requirements there is a 
trend toward the use of hot pressings or stampings, as 
shown in Fig. 27. This one is approximately 53 x 10 
x 6 in. of ’/u in. thickness. Two such pressings form 
the major portion of the housing pictured in Fig. 28. 

Designs based on quantity production included to ad¬ 
vantage drop-forged components. Those on the left in 
Fig. 29 are typical of the thousands which have been 
used in weldments. They provide freedom of shape and 
eminent predictability where necessary and forging die 
cost becomes insignificant in such quantity applications. 
The forged and machined component on ^e right forms 
the hub of the large gear blank in Fig. 8. 

Figure 30 is an interesting specialized use of drop- 



Fig. 31—Eight Small Steel Castmgt Are Flaah Welded to 
Provide Thia Component 


Fig. 32—Component of Machinery Weldment. Such Com- 
Mnents Are Used in Weldmenta of Such Size or Nature to Be 
nohibitive, or Impossible, aS One-Piece Steel Castings or 
Forgings 
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fig. 33—Weldments in Which the Previously Shown Casting, 
Fig. 32, Is Used 


forged components, composed of several small forgings 
which are flash welded together. Design freedom in 
shaping for minimum weight and maximum predicta¬ 
bility results. 

Castings are utilized in a similar manner in Fig. 31. 
Eight small, hence more predictable, steel castings are 
flash welded together to provide this component. 

Hundreds of tons of steel castings as shown in Fig. 32 
are used as components in machinery weldments and 
this use has opened a completely new market for steel 
castings as well as forgings. Generally, such components 
are used in parts of such size or nature to be prohibitive 
or impossible as one-piece steel casting or forgings. 

Figure 32 pictimes a typical cast steel component. 
Clearly, this portion of the weldment would be more 
costly in plate, but properly specified and controlled steel 
castings are eminently satisfactory. 

Figure 33 is the weldment in which the previously 
shown casting is used. Six such castings or larger ones 
are used in this one piece. 

There is a tendency to utilize standard structural 
rolled shapes in machinery weldments though their value 
as components is questionable in many instances. This 
is logical when it is remembered that available rolled 
shapes were evolved for an utterly foreign purpose. 
Hence, their use in machinery parts often seems a make¬ 
shift. 

Figure 34 is a typical elementary comparison. The 
original design—u^izing I-beams and angles—is shown 
•on the left with the redesign adopted on the right. 



nCOEStCN 

U9IN« FORMED PLATE 


fig. 34—Elementary C<miparUoii Showing Original Design 
Utilizing I-Beame ai^ Angles, on Left, and Simplified Redesign 
.on Right 


Welding is reduced, lateral stability is increased and the 
appearance is better. Also abrupt projections are 
eliminated, fitting and welding are simplified and the 
transverse member is more effective at equal weight. 

It is possible that shape mills will evolve new sections 
as required tonnage develops and if so, the shapes will 
be designed to suit this new function. 

We operate a small tonnage mill which provides rough 
shapes such as these shown in Fig. 35, solely for weld¬ 
ments. Roll cost is low but this is essential to the rela¬ 
tively small tonnages required. As a result siu^ace 
finish is not equal to that of the usual shape in quality 
but the product is well suited to its use. 

This mill has provided us with added design freedom 
and gives us such components, which formerly were 
machined from solid slabs. 


Welding Specifications Need Developing 

Finally, we have the important subject of speci¬ 
fications. 

There is no well-defined trend as yet developing in 
the specification of welded machinery parts, at least, 
none that I can see, except that progress has oc- 
ciured in nomenclature. Weldments procured by or for 
government agencies, forinstance,are clearly specified,and 



Fig. 35—Rough Sha^ Such aa Thata Ara RoUad fer Wald* 
mantz. Added Deiign Freedom Raaultz 


type, extent and control of inspection are fairly well de¬ 
veloped. Ontheotherhand, specifications on commercial 
welded machinery parts are too often pretty general and 
lean, and this causes discouraging delays in pricing and 
final design. 

It would seem that valuable and important work can 
be done here by a coordinating agency since there is 
splendid opportunity for the compilation and correlation 
of design criteria. 

As mentioned, nomenclature is comparatively well de¬ 
veloped and welding symbols are standardized. But 
there are somewhat complex items of specification on a 
welded machinery part in contrast to those on a casting. 

What type of weld joint shall be used and where? 
(Much remains to be done in the evaluation of types of 
joints before the basis of this specification is available.) 

What type of electrodes shall be used and where? 

What method of inspection shall be used and where? 
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What are the standards for such inspection ? 

How and to what degree shall the weldment be tested? 

Should it be stress relieved? 

What tolerance can be expected and where? 

Today the codes and standards of many agencies over¬ 
lap in the specification of welded machinery parts. It is 
reasonable to assume that none is adequate for they were 
established for other purposes. 

It is my conviction that the commercial designer liter¬ 
ally has no guiding standards with the exception of no¬ 
menclature. It is inconceivable that he does not at times 
apply weldments in which faulty design endangers human 
life. 

It has become common procedure for the user to rely 
on the supplier to develop his specifications for him, but 
there is nothing alarming in this if fundamental stand¬ 
ards are available. 


Specifications undoubtedly are guided often by equip¬ 
ment limitations, inventories, geographical location, indi¬ 
vidual experience or the lack of it, or ill-advised convic¬ 
tions. 

All these can generate a rather chaotic, unstabilized 
condition in the industry, assuming that the production 
of welded machinery parts properly can be termed an 
industry. Costs and prices are widely divei^nt and will 
so remain until fundamental specification standards are 
devised and promulgated. 

Much experience and basic information with service 
records as a sound fotmdation exist. Ultimately valu¬ 
able work will be done in its compilation, correlation and 
in filling of the gaps. 

It would seem reasonable to conclude that the whole 
subject is one of mechanical engineering. This is true 
since we are considering only me^anical parts. 


Control of Welding Fumes—Why and 

How* 

By Lt. Morwick Ross, USNR^ 


A LTHOUGH there is no evidence that fumes from 
/\ black iron welding cause any permanent injmy, 
industrial physicians agree that black iron weld¬ 
ing fumes are irritating to the nose and throat and can 
produce a disagreeable cough. Since approximately 
90% of shipyard welding is black iron, these ^sagreeable 
effects are cause for concern. 

Most of the remaining 10% of welding is on galvan¬ 
ized or painted steel. Inhalation of zinc oxide fumes 
which are generated from welding on galvanized steel, 
may produce a 24-hr. illness called metal fume fever, 
characterized by chills and fever and an upset stomach. 
It is an old story to most pipe welders. Doctors state 
that the illness leaves no after effects, and repeated ex¬ 
posures appear to do no permanent harm to the welder. 
Welding on red lead painted steel produces lead oxide 
which is hazardous. Lead poisoning among shipyard 
welders is still practically unknown ^ter three years of 
producing ships at high speed, but to ignore the possi¬ 
bility is to invite trouble. Shipyards in which red lead is 
used must never ignore the danger of lead poisoning. 

This has been a very brief review of the effects of ex¬ 
posures to welding fumes in shipyards today. It scarcely 
begins to tell the whole story, but it serves as one good 
reason why welding fumes must be controlled. 

I won’t go into detail on this second reason—^let me 
merely review some of the more popular ailments imag¬ 
ined to arise from welding fumes. Tuberculosis probably 
is the number one fear among welders. Industrial phy¬ 
sicians state that there is no evidence that welding fumes 
can cause tuberculosis, but the fear is strong among many 
shipyard welders. 

“Coated lungs’’ have become increasingly popular as 
the length of exposures to welding fumes during the war 
has increased. Just what “coated lungs’’ are or what they 
will lead to is not clear, but the picture of the inside of 
his lungs is very clear to many a welder. Some even 


The opinions or assertions contained in this article are the private ones of 
the writer and do not necessarily reflect the official views of the Navy Depart¬ 
ment or the Naval Service at larce. 

* Presented at the 33rd National Safety Congress and Exposition. Chieago, 
III., Oct. 8-3.1044. 

t Regional Health Consultant, U. S. Maritime commission. Oakland. Calif. 


know the depth of the coating. I have had more than 
one welder volunteer the information to me that he had 
three-sixteenths of an inch coating of welding fumes on 
the inside of his lungs. Certainly it is not a very reas¬ 
suring picture to any welder who imagines hinwlf to be 
so afficted. 

The fear of ulcers resulting from welding fumes is also 
strong. Doctors state that there is no connection be¬ 
tween ulcers and welding fumes. Yet the idea persists. 

That there is no limit to the human imagination is 
illustrated by this last example—employees of one large 
West Coast Shipyard decided that ^ey could not wear 
hard hats, the trade mark of every m<^em shipbuilder. 
It seems that there is a small space between the head- 
band and the shell of the hard hat. The employees of 
this shipyard determined that welding fumes could 
drift in through this space, become trapped inside the 
hat, and cause their hair to fall out. 

It is certain that the imaginary illnesses from welding 
fumes are worse than the real ones in terms of employee 
morale, for a man who is afraid of his job is a liability 
rather than an asset. Labor ttunover among welders 
became so bad in one shipyard where rumors atout weld¬ 
ing fumes were particularly prevalent that the Medical 
Department was obliged to conduct a training course in 
the Weld Training School, to try to substitute facts for 
fiction. But keep in mind that at the root of the trouble 
were the welding fumes. Adequate control of welding 
fumes was as yet not an accomplished fact in this ship¬ 
yard. 

This seems to establish our second major reason undc^ 
the heading—“Why control welding fumes?” Welding 
fumes must be controlled to help maintain employee 
morale. 

Here is a third reason. It takes money and manpower 
to op)erate a successful ventilation program for the con¬ 
trol of welding fumes, and the Production Engineer must 
necessarily consider this. These are the records: For 
the average shipyard, the total annual cost of the ven¬ 
tilating program including both labor and cost and de¬ 
predation of equipment is 1.5% or less of the total 
annual payroll of the Welding Department. 
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The question is then, can the successful control of 
welding fumes on the hulls, in the sub-assembly sections, 
and in the shops increase the daily welding footage by 
1.5%? Put it another way. If a welder bums 17 lb. of 
rod a day under poor conditions (which is a reasonaUe 
average for production welding), can he and will he bum 
Vi lb. of rod additional when ^e compartment in which 
he is working is well ventilated? Yes, in fact he will bum 
considerably more. Superintendents have estimated 
that daily welding output in confined areas on the hulls in¬ 
creased by 3 to 5 lb. of rod per man, after a good ventila¬ 
tion system was installed. 

First Hand Knowledge 

Having spent what seems to me to be most of the war 
in ships tanks and innerbottoms, 1 speak from first hand 
knowledge when I say it is literally impossible for a 
welder to put in a full day’s work in the oppressive at¬ 
mosphere resulting from poor ventilation. It is no sur¬ 
prise to those of you in shipbuilding when I say that an 
appreciable part of the working day of a welder detailed 
to work in such a compartment is spent out on deck 
getting what he calls a “blow.” Nor is that any surprise 
to the welding foreman and superintendent who are often 
obliged to plan their work sheet on the basis of how 
many welders they can group in a given space on the hull 
without making the space u^vable. 

It has no doubt already occurred to you that welders 
on the skids do not benefit from ventilation and there¬ 
fore should not be included in this consideration. True, 
but welders do not alone benefit from control of welding 
fumes. Every other craft on the hulls benefits as much 
and the unit output of these other crafts may reasonably 
be expected to increase. From the viewpoint of costs 
of control of welding fumes, therefore, there can be no 
reasonable doubt that welding fume control not only 
pays for itself; it represents profit through increased 
pr^uction. 

Generally speaking, the answer to the “how” in con¬ 
trolling welding fumes is, of course, by ventilation. But 
ventilation for the successful control of welding fumes 
during ship construction cannot be a hit or miss affair. 
It must be carefully planned and executed. There is no 
such thing as partial control of welding fumes. You 
either do the job or you don’t do the job. 

The ventilation program I am about to describe is not 
an utopian dream. It is a faithful description of the ven¬ 
tilation program in effect today in at least four large ship¬ 
yards building cargo ships and troop transports. They are 
all on a fast building schedule of from two and one-h^ to 
five months from keel laying to delivery. The ventila¬ 
tion program which these ya^ have in operation can be 
tailored to fit any shipyard, and since every shipyard has 
at least a part of this program already in operation, it 
would not be hard to incorporate all of it. 

There are three essentials to be observed in organizing 
a successful ventilation program: first, ventilation equip¬ 
ment of proper design and in sufficient quantity; second, 
a well trained ven^ation crew of sufficient size; third, 
a carefully designed ventilation system. 

First, equipment. I appreciate that most of you al¬ 
ready have most of your ventilation equipment, but you 
may be ordering additional equipment, and you will be 
ordering replacements. 

Almost any type of ship can be ventilated with four 
types of blowers. The first type of blower is the work¬ 
horse of the ventilation system. It is a high capacity, 
medium pressure blower, delivery about 15,000 ci.m. 
The cost is about S300. It is used to ventilate cargo 
holds, large tanks, engine room and deck sections. 


The second type is a smaller edition of the first. It is a 
medium capacity, high-pressure blower delivering 5000 
to 6000 c.f.m. at 10 in. pressure. It is used for ven^ation 
of small tanks, double bottoms, and with relatively long 
runs of duct work in inaccessible compartments. It is a 
dual purpose blower, for by attaching an adapter to the 
inlet side it is used for local exhaust ventilation with four 
3-in. diameter flexible tubes. The blower costs about 
S250. 

The third is a propeller fan delivering from 4000 to 8000 
c.f.m. of free air. This type of fan develops low static 
pressure and is not intended to be used with ductwork. 
It is intended purely as a booster, to create or m aintai n 
air movement along passageways, trunks and the like. 
It is light in weight and is therefore more flexible on the 
hulls than the other types. Its cost is from $175 to $200. 

The fourth type is intended to be used as an odd-job 
fan. It should be light in weight, and from 1500 to 2500 
c.f.m. capacity. It is used for ventilation of pickup 
welding, for ventilation of very small spaces as coffer¬ 
dams, in fact, wherever the standard ventilation system 
cannot be used. 

These four blowers form the backbone of a temporary 
ventilation system. Other types are used succ^sfuUy 
in place of these, and I have no intention of disqualifying 
them. However, these four represent basic fan types 
which in combination will produce the desired results. 

Advocates Duct 

Under the heading of equipment comes duct and fit¬ 
tings. The tendency in many shipyards is to shy away 
from the use of duct. Don’t be afraid of it. Failure to 
use ductwork unnecessarily penalizes the ventilation sys¬ 
tem by reducing the effectiveness of blower equipment. 

Rigid sheet metal duct has proved to be most success¬ 
ful. It withstands the abuse it inevitably receives, 
causes the lowest friction loss and therefore delivers the 
most air. It may be installed quickly and easily with 
weH-designed fittings. Its single major disadvantage 
which is outweighed by the many advantages is the area 
required to store it. 

The .duct may be made of 18-gage sheet metal. All 
duct sections should be standardized as to length and di¬ 
ameter. In a similar manner, all fittings such as tees, 
elbows, reducers, etc., should be standarffized. The ob¬ 
ject of this uniformity of design is of course to make the 
parts of the ventilation system interchangeable through¬ 
out, thus keeping the inventory of duct and fittings at a 

ininiTniim . 

Speed in handling is the primary consideration in de¬ 
signing the details of the duct and fittings. Duct section 
couplings can be designed which can be attached in a 
matter of seconds without tools, and are to be preferred 
to a nut and bolt coupling. But don’t let the system be¬ 
come so highly refined it becomes imwieldy. Ventilation 
of ships under construction is a rough job where quality 
can largely be sacrificed to simplicity and speed in execu¬ 
tion. 

Perhaps most important to the scheme of things, but 
often most neglected is the ventilation crew. With the 
critical shortage of manpower which has constantly har¬ 
assed the shipbuilder, those departments not direcdy en¬ 
gaged in construction have b^n almost continually un¬ 
dermanned. This has been consistently true of the ven¬ 
tilation crew. However, the importance to the ship¬ 
yard of the ventilation crew must be kept in mind, and if 
it is undermanned, it should be given a high priority for 
additional men. 

The ventilation crew should be part of an operating, 
not an administrative department. In most shipyard 
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the Electrical Maintenance Department is responsible for 
ventilation, an arrangement which has proved satisfac¬ 
tory. 

The ventilation crew must have ventilation duties 
only to perform. Combining ventilation with tempo¬ 
rary lights, for example, is a common fault. Temporary 
ventilation is a full-time job when it is done well—a job 
requiring skill and constant attention. 

The size of the crew is difficult to predict since it de¬ 
pends on so many variables, but for purpose of rough es¬ 
timation, two men per way and two men per hull at out¬ 
fitting, not including supervision, would probably be a 
minimum in a shipyard building Liberty or Victory Ships. 

The members of the ventilation crew must be thor¬ 
oughly familiar with the ventilation procedure adopted 
as the standard design for all hulls. Their duties embrace 
installing the ventilation equipment on the hulls and 
operating the equipment to its maximum efficiency. 
During time not required for actual setting up of equip¬ 
ment, they are experted to perform the function of ven¬ 
tilation inspector, periodically covering the hull, looking 
for inoperative equipment and for inadequately ven¬ 
tilated spaces. 

The final factor in the “How” to control welding 
fumes is the design of the ventilation procedure. Ex¬ 
perience has shown that there are a few general rules to 
observe. First, keep it simple; second, make it semi¬ 
permanent; tl^d, standardize designs Tor all hulls at 
all stages of construction. 

The design of a standard ventilation procedure is an 
individual job for every shipyard, since the design will 
depend upon the type of ship, the construction sequence 
and the amount and type of ventilation equipment on 
hand. Any shipyard can arrive at a successful design 
in the following manner however: 

Successful Designing 

First, from a physical inventoty of ventilation equip¬ 
ment on hand, clarify all blowers into groups according 
to their performance characteristics. Blowers of approxi¬ 
mately the same air capacity and pressure may be 
grouped together regardless of their make or exact di¬ 
mensions. Later, in designing the ventilation system, with 
the duct sections and fittings also standardized, ventila¬ 
tion for an entire area may be described very simply as, 
for example, a group 2 blower with four type A duct 
sections, one type J elbow, and one type G outlet. 


In laying out the system itself, the hulls should be con¬ 
sidered as broken down into large sections, and ventila¬ 
tion laid out for a section at a time. The major bulkheads 
may be taken as section lines, so that in a Liberty Ship 
for example, ventilation will be designed for the forepeak 
section forward of the crash bulkhead, holds 1 through 3, 
engine room, holds 4 and 5, and afterpeak. In every 
case the section includes ever>dhing from double bottoms 
to the first deck. Sui>erstructure may be regarded as an¬ 
other section requiring individual attention. 

As far as weatJier conditions permit general ventilation 
should be used for all black iron welding. Local exhaust 
ventilation requires the participation of the welder, and 
since that participation usually is not forthcoming, local 
exhaust is not effective. 

The volume of air to move through a given compart¬ 
ment must be determined by local conditions. An air 
change per minute may be taken as a reasonable ventila¬ 
tion rate for any closed tank as double bottoms, deep 
tanks, void spaces and the like. During hot weather, 
this ventilation rate may be increased. 

The ventilation system of a given space should be in¬ 
stalled as soon as the construction sequence of the ships 
calls for it, and must remain in place until work is com¬ 
pleted in that space. Ventilation may be latmcbed with 
the ship to permit ventilation during outfitting. 

Use may be made of temporary access holes cut 
through bulkheads or decks for ventilation of otherwise 
inaccesrible compartments. The Navy, Maritime Com¬ 
mission and American Bureau of Shipping have made a 
practice of permitting this where structural strength 
permits. 

Finally, when designs have been adopted for the entire 
hull, blueprint them so the ventilation crew will operate 
uniformly on aU hulls. Deviation from the standard 
ventilation procedure should not be permitted unless it 
has been cleared through the Ventilation Supervisor and 
has been formally incorporated in the blueprints. Some 
shipyards have conducted a brief training course for the 
ventilation men to familiarize them with the ventila¬ 
tion procedures, and have furnished each mao with a 
pocket size field notebook containing complete blueprints 
of the system. 

May 1 remind you that shipyards have found it to 
their ffistinct advantage to maintain good ventilation of 
ships under construction, are daily saving manpower and 
increasing production through adequate control of weld¬ 
ing fumes? 
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Multiple and Stack Machine Cutting* 


By A. H. Yoch’ 


Historic Background 

O NE of the first applications of oxygen in the 
metal-working industries was the use of the 
Oxygen Lance described by Thomas Fletcher in 
1888.. Several years later, it became an accepted prac¬ 
tice to employ the lance for tapping “frozen” tap holes in 
blast furnaces. Although the lance required no fuel gas 
for continued operation after the combustion of the steel 
had been started, it must be considered the forerunner of 
the cutting torches using oxygen and hydrogen, and 
later oxygen and acetylene. 

The original cutting torches consisted of a welding 
torch ^th a supplementary oxygen tube clamped on the 
side, and so placed that the oxygen cutting jet impinged 
on the spot preheated to a redness by a reducing welding 
flame. This tube was connected by a third hose to its 
own pressure regulator and cylinder of oxygen. This 
type of torch was generally used for several years after 
the Jottrand United States Cutting Torch was patented 
in 1905. Later, this patent was declared invalid; there¬ 
after, the two hose torch with cutting tip—preheat 
flames surrounding the cutting jet—came into popular 
use. 

In several years, intensification and expansion of the 
nation’s industries created a demand for improved cut¬ 
ting; this led to the development of a flame-cutting ma¬ 
chine. The early machines consisted of a hand-diiven 
screw and guide mechanism providing three-dimensional 
movement, but limited to straight-line cutting. 

Under the impact of World War I, the pressiue for 
greatly accelerated industrial production brought forth 
the Radiagraph, a light, portable, motor-driven machine 
for circular and straight-line cutting. Since that time, 
several models and types have been developed, with 
thousands now in use throughout American industry. 

During this same period, the Oxygraph was developed. 
This was the fulfillment of the industriald emand for an 
irregular-contour and shape-cutting machine, since this 
more complex type of cutting could not be readily per¬ 
formed by straight-line cutting. This machine was an 
application of the principle of the pentograph, using par¬ 
allel, jointed and connected arms. The Oxygraph, by 
emplo 3 dng a motor-driven, manually guided, tracing 
device, made possible the tracing and cutting of figures 
of any shape with uniform, steady movement. This was 
a notable contribution toward the processes of fabrica¬ 
tion and assembly. 

The motor-driven, straight-line and circle-cutting 
machine, the Radiagraph, and the motor-driven tracer 
and pantograph machine, the Oxygraph, though crude 
by present-day standards, served industry efficiently and 
well. As a ^ect result of these initial contributions, 
outstanding developments have taken place in the field 


* Presented nt the Annual meeting of tbe Ahbsican Wbldino Socibtt, 
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of machine flame cutting, so that at the present time, pre¬ 
cision processes have berome an integral part of American 
industry. 

By the time the United States formally entered World 
War 1, the demands for armament and ships had in¬ 
creased to such proportions that industry, working at 
full-capacity, found itself incapable of meeting this 
avalanche of orders and assignments. This was the con¬ 
dition that forced industry to find new ways and means of 
stepping up production without proportional increases 
in plant facilities and man power. One of the principal 
factors in the solution of tbe problem was the develop¬ 
ment of mass-production techniques. In the field of 
machine flame cutting, this was accomplished by the 
motmting of several torches on the torch arm of the 
cutting machines—^multiple cutting; and through the 
utilization of techniques for the simultaneous cutting of 
multiple layers of metal plates—stack cutting. 

Tj^ical of the problems of the period was that con¬ 
fronting one of the largest fabricating mills in the mid¬ 
west, in the cutting of V* in- x 8 ft. x 30-ft. steel plates. 
This cut, twelve ft. in length and composed of sixteen 
different radii, adjoined o^er pieces in the assembled 
product. In hand cutting the plates, it was found that 
production was slowed through the necessity of chipping 
and grinding the cut. To overcome this difficulty, the 
engineers turned their attention to machine cutting by 
the use of a Radiagraph. 

The use of the machine presented a special problem 
since it was totally impractical to ciuve the track to con¬ 
form to the small variable radii of the cut. This was over¬ 
come by the use of a special torch mount, built to swing 
freely on the post of the machine. One end of a tension 
spring was attached to the torch, the other to the post, 
thus the torch was held in constant contact with the 
template. The template was made to the same profile 
as the desired cut. This arrangement permitted the 
Radiagraph to travel on a straight track as the cut pro¬ 
gressed, yet provided for the necessary lateral movement 
of the torch. 

The cutting time for a single plate was 22 in. per min¬ 
ute; this proved too slow as the deadline for delivery had 
drawn very near. To speed production, a stack of four 
plates was cut, then eight. These proved so successful 
it was decided to stack cut twelve plates. To insiue the 
best possible cut, bolts were placed at 3-ft. intervals to 
clamp the plates tightly together. The most effective 
and economical cutting speed was found to be 12 in. per 
minute; thus the stack cutting stepped up the equivalent 
linear cutting speed from 22 in. to 144 in. per minute. 
The cuts were found to be sufficiently smooth, square and 
clean to permit direct assembly of the plates with no 
further finishing. 

This was typical of the experience of many mills 
throughout the country during World War I. Flame 
cutting equipment, while not strictly new, had been in 
use for so short a period that, generally speaking, indus¬ 
try had not discovered the vast ranges of possible per- 
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formance and application. By the time of the Armistice 
in 1918, machine stack and multiple cutting had become 
firmly established throughout American industry. 
Through the war period and the following decade, many 
new developments and refinements were added in the field 
of machine flame cutting. However, as far as we can as¬ 
certain, there is no evidence of a machine mounting more 
than two torches until 1929. 

In 1930 the first four-torch, centrally operated ma¬ 
chine was constructed; this included central control of 
the preheat flames and cutting jet in addition to provid¬ 
ing an automatic torch lighting mechanism. These were 
innovations in the field but the purchaser, one of the na¬ 
tion’s largest and most progressive manufacturers, had 
sufficient confidence in flame cutting to set aside S5(XX) to 
cover the cost of development of a machine incorporat¬ 
ing these features. 

The machine when completed shown in Fig. 1, con¬ 
tained several important and original characteristics. 
Among these were: 

1. Special work-table 

2. Special tracing device 

3. Hose supports 

4. Gas manifold system 

5. Automatic torch-lighter 

A special non-floating tracing device had to be de¬ 
veloped because the weight of the four torches was so 
great that the standard tracer could not be used. The 
manifold system, mounted directly onto the back of the 
Oxygraph, was developed for efficient distribution of 
acetylene and high and low pressure oxygen. The mani¬ 
fold, equipped with blow-off valve and flash-back ar¬ 
rester, was fed through regulators from cylinders. From 
the manifold, the gas flowed through valves and thence 
through individual regulators to control valves consisting 
of gas savers for preheating gas and a special attachment- 
assembly for the cutting jet. These valves were con¬ 
trolled by jackshafts connected by positive, adjustable 
links to solenoid-operated levers, which, in turn, were 
controlled by electric switches at the operator’s position 
near the tracing device. The solenoid mechanism is 
shown in Fig. 2. 


The automatic torch lighting mechanism consisted of 
city gas pilot lights controlled by a V4*in. solenoid valve 
with by-pass adjustable for desired size of pilot flame. 
The torch was also fitted with 3-dimensional indicators 
for angles between 0® and 45®. 

With the universal acceptance of machine cutting, it 
might appear that the potentials of this phase of produc¬ 
tion would be inexhaustible by merely employing ma¬ 
chines equipped with a greater number of torches and 
larger work tables. While it was true that this principle 
was applicable for work requiring no great accuracy, it 
was equally true that there were undetermined factors 
that produced irregularities, rendering large scale precision 
cutting, the type demanded by a large part of industry— 
impossible. 

A program of concerted effort and study was launche'd 
in order to reduce these adverse features. It soon be¬ 
came obvious that success lay in an empirical solution 
as the elements producing the deviations were myriad. 

The principal factor involved was found to be “plate 
motion.” A picture of this motion and its net ^ect 
can be gained by considering the common portable type 
of machine. \^^ere the track of the machine rests di¬ 
rectly upon the plate, any movement of the plate will 
shift the track in a manner which is dependent up>on the 
relation of points of track support and the zone in which 
the motion occmis. 

In operations where the machine is supported inde¬ 
pendently of the plate, the track will not ^ affected by 
any change of location of the plate, and the path trav¬ 
eled by the cutting tip will be defined entirely by the 
track location and the action of the machine. The lo¬ 
cation of the cut on the plate then becomes a matter of 
relative location of the tip and plate at the point of cut¬ 
ting. The plate may move slightly, but the tip will not 
move correspondingly, thus creating an irregularity in 
the cut edge. With the various shape cutting machines 
mounted independently of the work, we have this prob¬ 
lem of relative location and its bearing upon accuracy. 

Although plate motion has been recognized for a long 
time, only by making observations has the degree and 



Fig. 1—This Forerunner of the Present-Day Oxygraph Was the First Gas Cutting Machine to Carry More 
Thau Two Torches. It hicorporated Numerous Izmovations 
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Fig. 2—Early Solenoid Valve Mechaniam on Machine Shown in Fig. 3—A Common and Eifective Method of Clamp- 

Fig. 1. This I^vided Central Control of the Multiple Torches, ing Thin Plates for Stack Cutting Is the Use of C 

and Operated in Conjunction with Pilot Flame Torch-Lighters, Clamps. Here They Are Used with Heavy Flat Bara 

Another Innovation .to Distribute the Pressure 


manner of motion been determined. In forming some 
shapes, the movement of a portion of the plate is very 
evident whereas with other shapes, it may be so slight 
that it is not readily apparent, and an assumption might 
be made that no motion exists. Where accuracy is re¬ 
quired, any definite information concerning this motion 
with respect to the point of cutting will provide a basis 
for predicting the degree of accuracy expected. , 

The significance of plate motion lies in the fact that 
this, coupled with other factors can seriously affect the 
final results. Where motion exists ahead of the torch, 
the actual dimensions of the finished part will be af¬ 
fected. Assuming that plate motion is the only factor 
which affects the line of cut, experimental data* can be 
used to predict the general finished shape and the gen¬ 
eral expected location of errors. In the case of exterior 
cuts, any movement of the plate inwardly from the line 
of cut and just ahead of torch will result in a plus dimen¬ 
sion, and conversely any plate motion outwardly will 
produce a minus dimension. 

The analysis of the plate motion brings out the fact 
that the cut may be affected by either of two resultant 
conditions. The first is the independent “snaking” of 
the plate. The second is the body movement of the plate 
when one side rests against a rigid point, thereby pro¬ 
viding a fulcrum point. If the plate tends to move and 
is stopped by some projection or excessive friction, a ro¬ 
tation^ effect may result. 

After assimilation of the data obtained from the ex¬ 
tensive research on the behavior of material under varied 
conditions of cutting, it was possible to derive certain 
factorial corrections against the deviations produced 
under standard cutting practices. It was apparent that if 
the plate were mounted in a manner which permits free¬ 
dom of motion, the tendency toward error would be 
minimized. If the plate could be firmly secured at a 
single point in the center—a neutral point—any local 
disturbances would affect only slightly, if at all, other 
portions of the plate. However, central support is 
usually impractical since in most cases at least three 
points of support must be provided, the exact number 
depending largely upon the specific shape being cut. 
With these three points located inside of the line of cut¬ 
ting, and with these supports made smooth and round 
to introduce a minimum of resistance to motion, the 

* *VACtan Affecting the Accurecr of Machine Gu Cutting,” H. G. 
Bttfhcy and A. H. Yod, Thb Wbldino JoxmNAL, October 1M2. 


plate can still shift locally, yet any rotative tendency will 
be eliminated. The general problem of moimting the 
plate proves to be a very important factor if accuracy 
is to be obtained. The supports should be more than 
just a load carrying arrangement, they should provide 
for control of the inherent motion so that the cutting 
is not affected. Any arrangements of support' not per¬ 
mitting this control introduce inaccuracies. 

Aside from the quality of straightness, there existed 
other conditions su<^ as angularity, location of openings, 
or angular error of bevels. It was impossible to obtain 
an exact angle between a side and an end made in con¬ 
tinuous cutting, if during the course of the cut, a slight 
rotation of the plate developed. Likewise, an opening 
would be incorrectly located if the plate had moved 
prior to making the cut unless adjustments in the plate 
or template location were made. 

The specific problems encountered in precision cutting 
require a knowledge of conditions that are likely to exist. 
With the results obtained from the experiments at hand, 
procedures can be determined that 'mil assist id estab¬ 
lishing the required control and minimize the chance of 
inaccuracies. While this discussion centered mainly on 
the conditions existing within the material during cutting, 
the work disclosed the presence of other important fac¬ 
tors; among these were: 
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Fig. 4. This Slack of Niae Vrln. Plates Shows the Extremely 
High Quality oi Cut Obtainable by Careful Stock Cutting 








Rg. 5—Another Method of Holding Stacked Plates Itghfly 
Together Is to Run Bead Welds Across tiie Plate Edges at uiter* 
yals, as Shown Here 


(a) Shape of piece 

(b) The cutting machine 

(c) Accuracy of template and tracing device 

(d) Cleanliness of machine 

(e) Condition of machine (level, square, etc.) 

(/) Ability of operator 

(g) Characteristics of material 

1. Chemical analysis 

2. Surface condition 

3. Heat treatment. Preheat before cutting, 

also postheating after cutting. 

While numerous factors exist that can affect the ac* 
• curacy of flame cutting, of those which can be controlled 
the most important is the maintenance of proper rela¬ 
tionship between plate, torch, and guiding device. An 
understanding of the basic principles of the process, a 
knowledge and appreciation of good workmanship, a 
recognition of what is required and an analysis of what 
transpires during cutting are all necessary to obtain the 
best results. By application of the knowledge gained 
from the research project, there appears to be little reason 
for not obtaining accuracy equ^ to that of any other 
metal working process. 


Stack Cutting 

During the decade following the Armistice, there was 
little need to study the relative merits of multiple cutting 
and stack cutting since the cutting machines seldom 
mounted more than two torches. If the work involved 
the cutting of many pieces of identical pattern, using a 
material that lent itself to stacking in several thicknesses, 
and with an experienced operator available, stack cutting 
was normally used. However, if the job involved but few 
pieces of a single profile, using a material whose thickness 
or chemical composition did not lend itself to tfie cutting 
of several thicknesses, economics indicated the use of mul¬ 
tiple cutting. However, with the development of the 
multi-torch machine, some of the work formerly done by 
stack cutting was given over to the multiple torches. 
Weighing of the relative merits and limitations of stack 
cutting against those of multiple cutting may explain the 
fields of work for which each is best suited at present. 


A. General Characteristics of Stack Cutting 

1. Generally limited to sheets and plates up to Vrin. 

in thickness. However, on gage-thickness 
sheets, stack cutting is preferable to single¬ 
sheet cutting with one or multiple torches, and 
offers an exc^ent alternative to stamping when 
quantities are not large enough to warrant ex¬ 
pense of making dies. 

2. Volume of work should be adequate to compen¬ 

sate for increased set-up time and possible cost 
of clamps, jigs or fasteners. 

3. Material must be clean and flat, since if it is not, 

or if not cut carefully, failure of cut usually 
causes spoilage of entire stack. 

4. Rate of production is usually quite high. Excel¬ 

lent quality of cut edges, with square comers 
and perfectly flat top and bottom faces. 

5. Lower gas consumption per piece cut than if cut 

separately. 

B. General Characteristics of Multiple Cutting 

1. Any thickness of material, within the limits of 

cutting equipment capacity, can be cut. Scrap 
pieces can be utilized for cutting small quanti¬ 
ties of parts. 

2. Economy of operation does not vary appreciably 

with die volume of identical parts to be cut, and 
is not confined to large volume of work. No 
. special work-fixtures are needed. 

3. Plate stock can be run-of-mill material. 

4. Rate of production depends on number of torches 

in use, and is usually less than in stack cutting 
because it is usually applied on heavier ma¬ 
terial. 

The success of stack cutting is dependent first upon 
thoroughness of advance preparations of the plates and, 
second, upon the proper technique of operation. The 
first prerequisite is composed of the thi^ factors (1) 
proper cleaning, (2) proper stacking, and (3) proper 
clamping. The preeminance of these steps can be fully 
appreciated if the principle upon which stack cutting is 
based is known. Several plates, so fitted and clamped as 
to assimilate the formal characteristics of a homogene¬ 
ous plate, can be cut as though they were a single mem¬ 
ber of equivalent proportions. If adequate care is taken 
in preparation and operation, the cut edges of the indi¬ 
vidual plates are left smooth, square and even, making 
further machining unnecessary, particularly if the edges 
of the plates are to be welded. The best results are ob¬ 
tained if the stack is 3 to 4 in. in thickness, although this 
may be exceeded. An accuracy of V» io- possible for 
stacks under 2 in., of Vi8 in. if under 4 in. If accuracy is 
no great factor, a larger stack should be used for purposes 
of economy; on the other hand, the greater numlkr of 
plates always involve a slight loss of accuracy through 



Fig. 6—Stack-Cut Parts Before and After Separation. Sharp 
Comers at Edge of Cut Are Characteristic of This Method of 
Cutting 
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Fig. 7—Pneiunatic Method of Clamping Plates fox Stack Cutting. Pressure Diaphragm at Top Holds Plates 

in Intimate Contact Over Entire Line of Cut 


varying width of kerf and difficulty of maintaining cuts 
at greater depths. In addition, in cutting very thin sec¬ 
tions, the amoimt of heat required is sufficiently great to 
destroy the top plate; this negative factor is minimized 
by the use of a “waster plate,” a plate placed on top of 
the stack to undergo this heat-damage. 

To facilitate secure clamping, the plates must always 
be kept as clean as possible. Consequently it is essential 
that they be stored indoors in a clean, dry place, if pos¬ 
sible in a flat stacked position to prevent bending or 
crimping. A physical or chemical cleaning process is 
applied to the plates immediately prior to cutting; this 
is usually accomplished by blowing with a jet of com¬ 
pressed air, by rubbing with wire brush or broom or, in 
extreme cases, by sandblasting or pickling. 

Proper stacking refers to the observance of the correct 
arrangements of the individual plates composing the 
stack. Care should always be taken tb expel all the air 
between the plates resulting from slight warping, bend¬ 
ing or variations in thickness of the plates. This is best 
accomplished by hammering the plates along the line of 
cut. 

Proper clamping is most important, as upon this de¬ 
pends the figurative transformation of the pile of sep¬ 
arate plates into a single, homogeneous plate. There are 
sever^ methods of clamping in general use, the selection 
iisually being dictated by ^e available facilities, nature 
and shape of cut and the type of plate. 

The various types of clamping devices are familiar to 
all machine shop personnel—C clamps, wedge-type U 
clamps, toggle clamps, and pneumatic, hydraulic or mag¬ 
netic clamps. In addition to these mechanic^ fixtures, 
bolts and bead or tack welds are frequently used. 

Figure 3 illustrates the use of C clamps. As shown, the 
clamps are supplemented by metal bars fitted between 
the (damps and the stack to provide a more imiform dis¬ 
tribution of pressure on the plates. In this case, the oper¬ 
ation consists of the cutting of laundry press parts from 
a stack of nine Vrin. plates. Figure 4 shows the ex¬ 
tremely clean, square edges of the finished cut. 

Figure 5 illustrates the use of tack weld at an average 
spacing of 3 or 5 in. to hold the plates during cutting. 


The stack consists of nine Vc-in. plates, 35 in. long and 16 
in. wide. The center hole, included in the cut, is 7Vw in. 
in diameter. The cutting is done with a drawing tem- 

Fig. 8—The Pneumatic Claiu In Use. This Type of Clamp Is 1 
Practical Only When Large Quantities of Identical Parts Axe to J 
Be Cut 



Fig. 9—Original Single-Torch Set-Up for Cutting Rectangular 
Hdes in T^ulax Headers. The Camograph Was Mounted 
on a Lathe Bed from One Cutting Position to Another 
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Fig. 10—Thi< Finished Header Assemhiy Indicates the Magni* 
hide the Job of Cutting Rectangular Holes, One at a Tiiue. 
Increased Production for War Necessitated the Set>Up as Shown 
in Rg. 11 

plate, manual tracer, and a No. 4 tip. Figure 6 shows the 
completed parts before and after separation of the stack, 
and shows the well-formed edges of the cuts. 

Figure 7 shows a diagrammatic layout of a pneiunatic 
method of clamping. The stack is placed between heavy 
pressure plates. In the operation shown, a waster-plate 
is used because of the extreme thinness of the stacked 
plates; however, it is not an integral part of the system 
of clamping. Between the waster plate and the top pres¬ 
sure plate is a bellows-like diaphragm, composed of */•■ 


in. thick upper and lower cover plates welded to two 18> 
gage diaphragm rims to form a flexible air pressure cham¬ 
ber. This is fastened to the heavy top plate by means of 
studs. Through an auto tire valve, 25 psi. air or hydrau¬ 
lic pressure is introduced to the bellows, thus pressing 
the stacked plates tightly together along the entire path 
of cut. Figure $ shows this device as it appears during 
actual cutting operations. The use of bolts in clamping is 
restricted to plates whose final function requires bolt¬ 
holes, rivet-holes, hand-holes, etc. 

Stack cutting presents a hazard in that if the cut fails, 
the entire stack is nearly always spoiled. The critical 
point of the cut is the beginning. Several methods are 
used to minimize the chance of failure; chiefly, these are 
the use of (1) staggered pile, (2) preheated edge, (3) 
and/or starting cut of bead weld. 

In the "staggered pile" method the plates are stacked 
so that each plate projects slightly beyond the one below. 
Although the plates are well aligned with one another, 
the edge of the stack at which &e cut is to be started 
slopes slightly inward from top to bottom. This permits 
the cut to progress down the stack plate-by-plate as the 
torch advances. By the time the torch has reached the 
line of cut, all the plates have been penetrated by the 
flame. 

In the “preheated edge" method the plates are aligned 
vertically at the start of cut rather than staggered. At 
the point where the cut is to begin, the plates are heated 
by the application of a welding torch, the flame of which 
is played up and down along the line of initial cut until 
all the plates have been brought to the kindling tem¬ 
perature. Upon reaching this temperature, the cutting 
torch of the machine is brought into position, and the cut 
is begun. 

In using a bead weld to aid in starting the cut, the 
torch preheat flames are impinged against a vertical 
bead weld which joins all the plates. The cut is then 
started through the weld at the edge of the stack. This 
method is based on the fact that at the bead the stack is 



Fig. 11—Fourteen Torches Mounted on an Ozygraph Are Now Used to Cut All Openings in a Header at 
Once. Alternate Torches Are Spaced Out from the Torch Bar 
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not composed of individual plates but, by virtue of the 
weld, have been transformed into one homogeneous 
heavy plate. 

There are also several steps to be avoided in stack 
cutting; viz., those producing an effect of heterogeneity 
of surface in face of cut. The most serious is an uneven, 
haphazard stacking of plates presenting an alternate, 
non-unifom? pattern of overlapping and underlying edges 
of plates. (This should not be mistaken for the above 


mentioned “staggered pile” method with its uniform 
overlap.) 

If the plates have been trimmed by mechanical shear, 
they may have the characteristic rounded edge; this 
also produces a negative condition for stack cutting. 
If the sheared plates are stacked so that the rounded 
edges are upward, the cutting flame tends to be de¬ 
flected, causing a false start or cutting failure. However, 
if the rounded edges are face to face, open spaces are 



ng. 13—Volome of Production Ii Speeded in Thie Set-U^y Unng Multiple Fig. 14—Six Cutting Tables Are Used in Pairs, 

Torches in Cutting a Stack of Plates. Two and Three Teaches Are in Semence, for Cutting Tank Sprockets in 

Used Alternately in Making Five Rows of Cuts Rapid Production. Tem^te Table Rides on the 

’ Travograph Tracks and Is Locked in Positioa at 

Each Cutting Station 
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Ilg. 15—Clonup ol Initial Operation in Cutting Sprocket!. Center Hcdee Are Cut 
at Hret and Third Work Stations, and the Plates Severed Into Four Heces for Trane* 
fer to Cotter Pair of Tables 


zation of the South is typified by the 
following experience. 

Figure 9 shows the original arrange¬ 
ment used for flame cutting 4*/is 
in. rectangular openings in ^e */u 
in. side-w^ of a 6 x 6 in. sinuous 
tubular header of a marine type 
steamboiler. Figure 10 shows a 
typical header assembly. The set-up 
consisted of a Camograph mounted on 
a wheel base over a lathe bed with 
measured *'stops” for the proper, 
progressive positioning of Camograph 
relative to header. TUs arrangement 
served to meet all production require¬ 
ments—19 finished headers per 8-hr. 
day—for a period of 16 years. 

Under the pressure of World War 
II demands for increased production 
of ship power-units, a 10-torch Oxy- 
graph was installed, and the 6 to 10 
holes required on a header were cut 
at once. With the advent of larger 
and faster ships, the header size was 
enlarged, similar to that shown in Fig. 
11. Through utilization of a custom- 



Fig. 16—Tooth Contours Are Cut on Eight Sprockets 
at Once, Using a Special Travograph vrith Crossbars 
at Each End ^ Torch Bar. Accuracy of Cutting Is 
Extremely High on This Setup 


Fig. 17—This Qoee-Up of One End of the Machine Operatton 
Shows the Central Clamping Jigs, with Each Piece Hud Sepa¬ 
rately. Creep Is Thereby Reduced to the Vani^iing Point 


formed between the plates; normally the open spaces 
will stop the cut. When faced with this situation, the 
most practicable solution has proved to be the stacking 
of the sheared plates with rounded edges downward and, 
if possible, a flame cut plate at top of stack. 

One of Idle principal applications of flame cutting is the 
shaping of component parts for welded assembly. Fre¬ 
quently these plates will be inner-cut, or holed-out, in 
addition to the peripheral or shaping cut. The starting 
cut of the holing-out operation is more difiicult in stack 
cutting than in single-plate cutting. This is overcome 
by the use of a vertically drilled hole to serve as the point 
of origin of cut. Wherever possible, the drilling should be 
done after the plates have been stacked and clamped; 
if not, a bolt or drift pin should be inserted through the 
holes until stacking and clamping have been completed, 
to insure true alignment. After removing burrs, etc. to 
reduce the possibility of fouling the flame, the cut is 
started at the drilled hole, being careful to avoid»faIse 
start. 

The progress made within the past decade in the field of 
production flame cutting and in the increased industriali- 



fig. 18—In These Finished Sprockets the Last Tooth Cut Has the 
B^e Shape as the Others, Indicating the Effectiyeneas ol 
Individual and Central Clamping During Cutting 
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Fig. 19—The Heavy Duty Radiagiaph No. 40 Wai Deeupied lor Cutting Steel Up to 
50 Inchee in ThiclmeM, but Serves Numerous Other factions as Ww, Incluung 

Hot Cropping ol Billets 


built cutting machine, the production rate was increased 
to an average of 110 finished headers per 8-hr day; an 
increase of 450% in header production with no increase 
in the number of machines in service, notwithstanding 
linear increases of 67% and 133% in required cutting 
of the 10-opening and 14-opening headers, respectively. 

Several unusual features are incorporated in ^e set-up. 
The application of multiple flame cutting is normally 
used to obtain parts of desired pattern from blank met^ 
plates; however, in this instance, the parent piece is the 
finished product and the removed parts are scrap. Stand¬ 
ard multiple cutting machines are constructed with the 
torches arranged in line, the cutting operation consisting 
of a multiplicity of adajcent cuts in reproduction of the 
template ^ape, but in the header-cutting machine, non- 
adjacent openings are cut in the parent piece. In this 
case, the lateral oflf-set is small, under 2 in.; however, it 
discloses the possibilities of this tjqje of machine under 
more extreme application of the principle. 

Figure 12 is a diagram of a specif template for use 
with a magnetic tracer for the cutting of four identical 
pieces, and illustrates how nesting of pieces permits one 
cut to produce two adjacent finished edges. The follow¬ 
ing describes the method of application of the template: 

Lever No. 1 is moved into the out-position to permit 
start of cut which progresses forward along lever No. 2 
until the magnetic roller reaches main cam outline, at 
which time lever No. 2 is moved into the out-position. 
While cut is in progress on main cam, lever No. 3 is 
moved to the in-position to complete the cut of two of 
the four pieces. (Follow arrows.) When this cut is 
finished, lever No. 3 is moved into the out-position. The 
magnetic roller is then moved to the new starting point. 
Before this cut is started lever No. 1 is to be moved to the 
in-position as shown. The magnetic roller then pro¬ 
gresses to complete the cutting of the two remaining 
pieces. 

One of the latest developments in production cutting 
can be seen in Fig. 13. This set-up incorporates the fea¬ 
tures of both stack cutting and multiple cutting and as 
such, is capable of extremely high production. The 
machine is employed by a large East Coast shipyard for 
the cutting of arcs of large diameter rings. The Oxy- 
graph uses an alternate two-torch and three-torch com¬ 


bination. The first phase of the 
operation is the cutting of two rows 
of arcs from the stack of nine ‘/w-in. 
plates by No. 2 and No. 4 torches, 
then the alternate rows are cut by 
torches Nos. 1, 3 and 5. The plates 
are held together by tack welds 
spaced at approximately 10 in. As 
shown in the figure, in. square 
bars are welded along the edge of the 
stack at the end of rows Nos. 2 and 4 
to effect a continuity of stack after 
actual severance by the cutting of the 
first two rows. The division of the 
cutting operation into two distinct 
parts is not due to limitations im¬ 
posed by the machine; this proced¬ 
ure is followed to prevent high heat 
and stress concentrations, and plate 
distortion. By utilizing the alternate 
method of cutting, less heat is ap¬ 
plied to the stack during a course 
of cutting and thus the accumulated 
heat can be dissipated more readily 
through conduction and radiation. 

Several years ago, industry was 
faced with the staggering task of trans¬ 
forming the extremely large National 
Defense appropriations into actual weapons of warfare. 
One of the largest tasks of the automotive industry was 
the design and mass production of self-propelled ar¬ 
mored vehicles, tank destroyers, half-tracks and all the 
various models of tanks. The fact that the automotive 
industry fulfilled their assignments in a manner excelled 
by no other can be attributed in no small way to the new 
and advanced application of flame cutting processes. 

Among the outstanding instances of refinement of pro¬ 
cedure in machine cutting is its application in the pro¬ 
duction of tank sprockets. The sprockets made from 
S.A.E. 4140 steel, are V/t in. in thickness and approxi¬ 
mately 27^/4 in. in outside diameter. After preheating 
to a temperature of 300 to 400° F. to prevent check 
cracks the plates are moved from the heater to a Travo- 
graph. Tins machine is equipped with four extra-long 
torches in order to get the torch-bar away from the heat. 
Various tips were first tried to determine the most ef¬ 
fective; finally it was found that a No. 2 or No. 3 tip 
with medium preheat proved to be the best, utilizing 
pressures of 50 Ib, for oxygen and 3-4 lb. for acetylene at 
a speed of 10-11 in. per minute. The total time of oper¬ 
ation is approximately 40 minutes, 20 minutes set-up 
time and 20-minute cutting time. 

After the cutting is completed, the sprockets arc an¬ 
nealed for 2Vs hr. at 1650* F. It was found that con¬ 
siderable care was required in handling the sprockets 
while hot to avoid distortion. However, when this oc- 
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curs, they are leveled and rounded into shape before 
being machine-ground to final dimensions. 

Precision Cutting of Tank Sprockets 

The great progress made in precision flame cutting can 
be shown in its most recent application to the production 
of M-4 tank sprockets. In contrast to the process de¬ 
scribed above, the precision principles now employed 
eliminate the necessity of sub^quent machining. 

A No. 30 Travograph with special arms carrying 4 
torches on each side, travels between three pairs of tables 
placed end-to-end, parallel, and on each side of the path 
of the cutting machine, as illustrated in Fig. 14. To per¬ 
mit the use of dual torch-arms a small template-table 
was built to run on the same tracks as the Travograph. 
Since it is essential that the table and template be rigidly 
fixed during cutting operations, adequate fixtures have 
been provided for anchoring this table at each of the 
three working positions. 

A 1 Vi in- X 28 in. x 8 ft. 11-in. steel plate (S.A.E. 1345) 
is placed on each of the first pair of tables. In each plate 
four starting holes are pierced by the use of a hand torch, 
after which the machine is used to cut out the center or 
hub-holes of the sprockets, and then to sever each plate 
in four pieces. The Travograph is then moved to the 
third pair of tables which have been similarly loaded, and 
the same operation performed as shown in Figs. 14 and 
15. 

In the meanwhile, the severed plates from the first 
tables are transferred to the center tables, accurately po¬ 


sitioned by means of a jig using the flame-cut hub-holes, 
and securely clamped to water-cooled jig fixttires. The 
machine is then moved to these center tables where the 
tooth-contour of the eight sprockets are cut simultane- 
ouriy as illustrated in Fig. 16. During this operation, 
the other tables are ^ain loaded with plates. These steps 
can be followed by comparing Figs. 14 and 16. 

The greatest advantage of this precision process over 
the older, previously described one is the elimination of 
the subsequent machining operations, frequently the 
limiting prixiuction factor. TTie increment of accuracy 
that permits this elimination of machining is attained by 
the use of center-clamping, water-cooled jig fixtures and 
high-speed cutting tip No. 45, No. 4, as shown in Fig. 17. 

This clamping arrangement restrains the sprocket or 
gear from the walking action inevitably present if 
damps are applied externally, that is, to the scrap. In 
center clamping, the walking action is transferred to the 
scrap, permitting cutting of the sprocket to a 0.033 in. tol¬ 
erance. 

The high speed cutting tip, using an acetylene pres¬ 
sure of 8 lb. and an oxygen pressure of 100 lb., permits a 
cutting speed of 8Vi in- per minute, or a cutting time of 
13 minutes for the circuit aroimd the sprocket. With 
this high speed of cutting, and effident handling and 
control of material, a production of 14 sprockets per hour 
or 112 per 8-lir. shift is attained. 

Figure 18 shows a number of sprockets after the final 
cutting operation. After cutting, the sprockets are 
stress relieved in furnaces and then the sprocket teeth 
are flame hardened by means of a semi-automatic oxy- 
acetylene machine to secure better wearing qualities. 


cable: pulley 

COUNTERWEIGHT CABLE 

LIFTING MOTOR 
FOR VERTICAL RISE 

MOTOR DRIVEN ELEVATOR SCREW 

CARRIAGE STOP 


CONVERTED 
N0.2 8EAM0GRAPH 
BOLTED TO CARRIAGE 


COUNTERWEIGHT-^ OXYGEN AND ACETYLENE 
CONTROL BLOCKS 


CARRIAGE 
CARRIAGE STOP 
MANUAL OPERATION 



CARRIAGE DRIVE GEAR 


RACK 


HORIZONTAL TORCH MOVEMENT 
PROVIDED WITH AN ADJUSTMENT 
SCREW ON SLIDING RACK 


GUIDE FOR TORCH POSITIONING MAY BE 
APPLIED IF NECESSARY 


CONVEYOR 
GRAVITY FEED ROLLERS 


A TYPICAL DIAGRAMATIC 
LAYOUT FOR MECHANICAL 
OXYACETYLENE NICKING 


TYPICAL LAYOUT OF NICKING ROOM 

//////////., 


/BLOOMS 


i 



_— BLOOMSJN_ 

BLOOM ^ RACBULLTOZER 

3 OVERHEAD-HAND 
HOIST 



GRAVITY FEED ROLLERS 


• BLANKS' 


Fig. 21—Schematic Diagram of Typical Layout for Mechanical Ozyacetylene Nicking of Billets in Pro¬ 
duction of Shell Stock Blanks 
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Heavy Duty Radiagrapb 


Figure 19 shows the latest development in portable cut¬ 
ting machines, known as the Heavy-Duty Radiagraph 
No. 40. This multitorch machine was designed to carry 
the special cutting torches required for penetrating and 
severing steel 18 to 50 inches or more in tUckness. It has 
a wide range of speeds, from 1 in. to 44 in. per minute, 
operated though a gear transmissiqn and gear-shift 
lever. The heavy duty torches are a newly developed 
series, water cooled and designed with their auxiliary 
equipment to carry extremely large volumes of gas per 
hour. 

While designed primarily for heavy cutting operations 
at low speeds, the machine may also be used for hot 
cropping and cut-off of billets and blooms at the mill. 
Sev€^ billet cutting setups are in service in steel mills 
and have attracted considerable attention. In such in¬ 
stallations the flame cutting apparatus serves either as 
a substitute for shears, particularly in cases where the 
steel being rolled is heavier than the available shears can 
handle, or as standby equipment to take care of billet 
cutting in case of shear breakdown. Multiple torches 
have been employed to maintain the pace of production 
in several of these set-ups. 

The gear transmission system of the heavy duty 
Radiagraph is of particular interest, inasmuch as its in¬ 
corporation in a flame cutting machine marks a new ad¬ 
vancement in cutting equipment. It consists of a gear 
reduction imit, a transmission unit, and interchangeable 
spur gears, powered by a variable speed motor. In con¬ 
trast to the smaller portable machines, the top is clear 
and unencumbered, permitting any kind or amoimt of 
cutting, hardening or multiflame automatic gas welding 
apparatus to be mounted thereon. This broad range of 
application makes the machine one of the most versatile 
yet designed, since there is no oxyacetylene operation 
outside its range. One of its current applications is as the 
motive power unit in the billet nec^ng machine illus¬ 
trated in Fig. 24. • 


Billet Nicking Machines 

The present armament program requires the speedy 
and economical production of millions of shells and 
bombs. During World War I, the oxyacetylene process 
of nicking and breaking proved to be the cheapest, speed¬ 
iest and most practical method for the production of 
stock blanks from square or round bars, billets or blooms. 

In this war, manufacturers having huge contracts for 
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tig. 22—^Bnd View of Schematic Layout for Niddng Round* 



shells have again adopted this process of nicking billets 
with the oxyacetylene torch and then breaking with 
either drop hammers, bulldozers, hydraulic presses, or 
dropping onto an anvil and letting the shock cause the 
fracture and severance. 

Several different nicking procedures are being em¬ 
ployed, all, of course, subject to modification as greater 
experience is gained. 

The nicked, or grooved surface and the added stress 
set up by the oxyacetylene nicking process along the 
cleavage line makes possible the production of stock 
blanks with sheer breaks by the simple application of 
pressure and/or shock. As the steel analysis used for 
shells is of a specification that will fragment properly 
upon bursting, this property is taken advantage of in the 
nick-and-break process. 

The application of the flame, along with the localized 
high-temperature resulting from the cutting reaction, 
causes expansion of the metal, and due to the restraining 
action of the base metal, the metal adjacent to the cut is 
upset. This effect, combined with the quench action of 
the cold mass of metal causes the adjacent areas to be 
highly stressed. When the elastic limt is exceeded, a 
creek is produced or can be started by the application of 
shock or pressure. 

The restilt obtained by nicking on both sides of a round 
or square cold steel bar or billet of carbon 0.35 or over is 
illustrated in Fig. 20. 

There are no special provisions in the ordnance speci¬ 
fications of the U.S. Anny or Navy regarding procedure 
of severance. However, the required inspection proce¬ 
dure specifies that at least one end of a shell blank be 
provided with a square, natural surface. This would, 
therefore, seem to eliminate shearing, sawing or cutting 
on one end at least, and would automatically prescribe 
the nick-and-break process. 

Billets may be readily nicked by the hand torch, but 
where the entire faces of two opposite flats of a square 
billet require nicking, it is best accomplished by means of 
machine torch equipment. The latter method provides a 
means of rapid and economical production of straight, 
opposite nicks of a predetermined depth, resulting in 
clean, square breaks under the press. 

The nicking machine consists of a motorized torch 
fixture for the quick positioning of two torches at pre¬ 
determined points on a square billet, with tips directed 
toward the bottom corner of the billet at an angle of 45 
to 90® as shown in Fig. 21. The nicking operation is 
completed so rapidly that excellent han^ng facilities 
must be provided to obtain full advantage of the equip¬ 
ment. In some instances a hand hoist with electromagnet 
is used for moving billets to a gravity roller-table such as 
shown in Fig. 22. 

Steel mills provide blooms or billets hot-sawn to 
lengths of multiples of those desired for the shellstock 
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Fig. 24—Latest Type of Billett NickiJig Machine. Nicks Aie Fig. 2S—Reax View d Marltiw Shown in Fig. 24. Torches Are 

Made Horizontally Across Top Face of Billet. Double Casters Driven by a Hea^*Daty Radiagraph, wiu Tracks Mounted 

Maintain Proper Space Between Torch Tm and Work. Note on a Gantry for Latwal Adjustment 

Quench Jets on Both Sides of £ach Tip 


forging blanks with allowances made for the kerf widths. 
The shellstock blank lengths can be accurately held to 
any predetermined length by marking nick locations on 
the billets, or by the use of a stop and index box on the 
carriage of the machine. The bed of the nicking machine 
should be of sufficient length to {>ermit the entire length 
of a bloom or billet to be covered and all nicks completed 
at one setting by merely moving the machine progres¬ 
sively from one nick position to another. 

Upon completion of the nicking operation the two oper¬ 
ators release the stop, permitting the billet to be pu^ed 
into a gravity roller bed to move it forward as shown in 
Pig. 23 to the breaking machine. As the billet is 
broken into shell-stock blanks, the pieces are moved on 
gravity rollers to the furnace or to storage. 

Figure 24 shows the latest development for machine 
billet nicking. As industry was called on to meet the 
greatly expanded demand for large caliber field artillery 
shells, means of faster production was foimd necessary. 
This new machine differs from the former in several not¬ 
able respects. In contrast to the older types, this ma¬ 
chine permits two, four, six or eight nicks to be made si¬ 
multaneously on the top side of the billet, torch move¬ 
ment being horizontal instead of vertical. Control of the 
vertical position of the torches is by caster-fixtures rid¬ 
ing on the top of the billet, producing accurate, predeter¬ 
mined nick depths regardless of camber or irregularities 
in billet shai>e. Each caster-fixture controls the height 
of a set of torches. The fixture consists of two casters 
with the leading caster several inches ahead of the torch 
tip, the trailing caster several inches back of tip. At 
the beginning of the nick, the leading caster alone rides 
on the billet. About midway across, both casters make 
contact, and as the nick nears completion the leading 
caster has ridden off the billet and the trailing caster 
alone maintains torch elevation. 

Another unique feature incorporated in the new ma¬ 
chine is the water-quench jets attached to the torches. 
The jets of water issue from pipes almost immediately fol¬ 
lowing the cutting jets, causing a quenching action which 
increases stress concentrations at the nick-line by in¬ 
creasing the temperature differential. The water is 


brought to the jet-pipes by V>-*n. pipe along the torch, 
and V*'in. hose from this point to the plant water system. 
The flow of water is controlled by a toggle valve adjacent 
to the gas control valves behind the machine. Pilot 
flames are provided at each torch. 

The handwheel with sprocket attachment shown at the 
right in Fig. 24 controls lateral adjustment, by which the 
machine is moved to the right or left until a metal 
pointer, also shown in Fig. 24, is at end of billet. This 
places the torches in the proper position to nick the billet 
according to the length of stock-blank required for the 
specific caliber of ammunition under manufacture. The 
force applied to the handwheel is transmitted by sprocket 
chain to one of the running wheels of the gantry upon 
which the entire machine is mounted. 

The following data provide operational details of the 
machine: 


SheU Size.155M 

Shell Stock Blanks.(i x 6 x 12*/* i*i* 

Tips.Style 118, No. 2 

Oxygen Pressure—Preheat.35 lb. 

Oxygen Pressure—Nicking.8-10 lb. 

Acetylene Pressure—Nicking.12 Ib. 

Preheat Time.5 Sec. 

Nicking Time.12 Sec. 

Length of Nick.5 in. 

Depth of Nick.‘A in. 

Oxygen Consumption—per torch.150 cu.ft./hr. 

Acetylene Consumption—per torch. . 37.5 cu.ft./hr. 

Oxygen Consumption—per nick.0.71 cu. ft. 

Acetylene Consumption—per nick.0.18 cu. ft. 


The rate of production of the eight-torch machine is 
approximately 760 nicked blanks per hour, when operat¬ 
ing at a work factor of 40 per cent. At higher work fac¬ 
tors the output is proportionately greater and, unless 
the mill is unusually well equipped with facilities for 
heating, forging and other succeeding operations, the out¬ 
put of about eight hours operation of the nicking ma¬ 
chine will provide sufficient material to keep the mill oc¬ 
cupied for 24 hours. 
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High Lights of Hard-Facing Procedure 


By R. L. Lerclit 


H ARD-FACING of wearing parts to prolong their 
life assumes greater importance than ever before 
in these days when it is so necessary to keep all- 
imp)ortant machinery in operation every minute. The 
technique for hard-facing with hard-facing alloy rod is 
quite simple, as every experienced welding operator 
Imows, if a few basic procedures are borne in mind. The 
more important of these are: 

* Article written with special reference to the use of Haynes Stellite Hard- 
Fadaf Rod. Pixures on savings and increased life are based on the use of this 
matemi. 

t Vice*Preaident, Haynes Stellite Co. 


1. Thoroughly clean a surface before trying to hard- 

face it. 

2. If a hard-faced edge or corner will be subject to 

shock, prepare it as shown in Fig. 1. 

3. Preheat to a faint red heat, visible in a darkened 

room only, without goggles. 

4. Always use an excess-acetylene flame. (See Fig. 

2 -) 

5. Do not apply the hard-facing alloy before the sur¬ 

face of the base metal reaches the "sweating”’ 
temperature. 



Sig. 1—All suxfacM should be thoroughly cleaned before they 
are hard-faced. A comer or edge that wfll be subject to shock, 
as on a punch, a shear blade or a die, should be machined 
as ^own at A. An angle or comer that will be subject 
to mild impact only such as a valve seat, should be machined 
as shown at B. Dented lines indicate finish ground dimensions 
of the hard-facing alloy 


Excess- 



Approx. 


ng. 2—Adjust the flame so that it has an excess of acetylene 
as indicate by a bright secondary flame, called a feather, 
surrounding flie inner cone. For hard-facing with hard-facing 
alloy rod the feather should be three times the length of the 
inner cone. If an excess-acetylene flame is not used the alloy 
will not spread uniformly and may become porous 


fxcess-Ac^fylene Feafherz. 
Outer Envelope 

“Sweating "Surface 
Inner Cone 

y/.Base Meta! 




iig. 3—With the inner cone about Vi In. from the surface, heat 
a spot of flie base metal until it suddenly becomes glased, indi¬ 
cating that an extremely thin surface layer has melted. This 
cond^n, wUch can be produced only wifli an excess- 
acetylene flame, is known as “sweating" and is necessary to 
flie successful apiidication of alloy hard-facing rod. The 
“sweat" area will extend for a distance of about in. around 
flie acetylene feather 



Fig. 4—Introduce the rod into the flame so that the tip of the 
inner cone just about touches the rod and the rod lightiy 
touches the “sweating" metal. The end of flie rod will then 
melt and form a puddle on the surface of the “sweat" area. 
Withdraw the rod and spread the puddle with the flame. Do 
not stir the puddle. Melt off more rod as required. B tiie 
flame is directed partly on the puddle and parfly on the metal 
adjoining the puddle, the operation will progress forward 
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6 . Hold the rod and blowpipe tip each at an angle 8. Do not stir the molten puddle with the rod. 

of about 45° to the work. (See Fig. 3.) 9. Never cover over or embed any foreign particles 

7. Let the end of the inner cone almost touch the in the deposit. Float and remove them or they 

rod. may cause blowholes. 


Typical Hard-Facing Applications 



Formerly the pioii 9 i on this cotton bale truck were rralaced 
3 times a season and the skids 6 times. After being hanl-iaced 
they show little wear at the end of a year of service. 


The.averam life of these paper mill hog knives was 20 days, 
daring whicm 4 removals fu regrinding were neceeeary. 
When hard'faoed tiiey last 7 without regrinding os 

refacing. 



The average life of screw conveyors in a Minhigim rock 
products plant was 5 weeks. A hard'facing alloy deposit of 
7*/t lb. on the flights of three 6-ui. conveyors increas^ their 
life to 25 weeks at a saving of $512.55. 



In this shear for re-eqnaring oold galvanised sheets up to 
Vi is* Tw«T<mTiTT» thirknees. ha^<faoed blades last 2 to 3 times 
as long between grinds as the hardened steel blades formerly 
used. 



Hard-facing alloy applied to the tip of undercutter bits in 
a coal mine effect a saving of 50% in bit cost and from 
22 to 27% in power cons\imption. 


A forge company cut 6970 pieces with thta hard-faced hot- 
trimming die. Previous to the use of hard-facing alloy, a 
carbon tool steel die averaged only 500 pieces, or one-fear- 
teenth as many. 
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A Small Deposit of Hard-Facing Alloy Inside Each End of the Iiinks of a Conveyoi or Drag Chain Will In¬ 
crease Its Life from 3 to 5 Times 



In one day, a welding operator can hard-face about 500 
alfalfa mill hammers with hard-facing alloy at a cost of ap¬ 
proximately 10 cents each, thereby increasing their length 
of service at least 10 times. 


Only about 2 oz. of hard-facing alloy are required to hard- 
face the hob-nails for a pair of work shoes but their average 
life of 5 or 6 months will be Increased to a year and a half. 


Hard-facing the 58 cleats on the treads of this 10-ton snow 
shovel tractor saved a Midwest highway commission over 
$650 in one winter. Besides the savings in dollars, the hard- 
faced treads afforded better traction. 


The gudgeons, in. in diameter, on this cement con¬ 

veyor lasted but 3 months prior to hard-facing. A hard-faced 
gudgeon after 1 year and 10 months of service was worn down 
only Vii in. on its diameter. 
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HARD-FACING PROCEDURE 
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10. Complete the operation in one pass if possible. 

Do not deposit successive layers of alloy unless 
absolutely necessary. 

11. Remove the flame from the puddle slowly and 


with a circular motion. 

12. Cover the finished job with asbestos paper or bury 
in powdered mica, lime or ashes so that it will 
cool slowly. 




In 

from 
Mrrice, 


for ora roailan waar down 
Aflar an aqual length of 
ird'lacing alloy show prac* 


tically no wear. 



Cams from nail machines are hard-faced in a few minutes 
at a cost of $5.00 each. It required several hours to machine 
and case-harden the S.A.E. 1010 steel cams formerly used, 
at a cost of $20 each. 


On the left is a hard-faced electric mud gun screw after 
4 months of service. On the right is an ordinary screw after 
1 month of service. These screws are used for closing the tap 
hole of a blast furnace. 


This illustration shows the difference in wear between an 
ordinary shovel and one edged with hard-facing alloy. The 
hard-facing is applied in a band */< to */i in. wide along the 
under aide of the point. 


These threshing machine cylinder teeth operated side by 
side for 30 days; the lower one, hard-faced, shows practically 
no wear; the upper one is worn beyond economical repair. 
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A wttriem brickyard found that hard-facin 9 the outer edge 
ol cast*eteel mixing augera with hard>lacing alloy dotted 
their usual liie of 45 days to 90 days at a cost about one-fourth 
that of new ones. 



A chemical company standardized on hard-faced coal pul¬ 
verizer hammers after the first set, faced with hard-facing 
alloy, pulverized 223,000 tons as compared with 38,000 tons 
for the tool steel hammers formerly used. 


Tuna Clippers 

By S. R. ZimmermaiL 


A MONG the people on the water front the question 

/\ is—“What are filling craft going to be like after 
A. the war?” The answer is t^t ^ey are going to 
be faster, more graceful, more economical and more 
comfortable. Th^e will be lots of boats of every de¬ 
scription to suit every pocketbook and every desire, both 
for pleasure and for commercial purposes. This answer 
is provided not by blueprint specifications and drawing 
board theories, but by actual production now imder way 
in various shipyards. Right now there is on the ways an 
all-steel tuna clipper, b^g built by the Steel Ship- 
building Division of the United Concrete Pipe Corpora¬ 
tion, which is typical of the strides forward in the small 
shipbuilding industry. 

The tuna clippers now in production at Long Beach 
shipyard of the United Concrete Pipe Corp. are all-steel 
construction with the exception of wooden joiner work 
in the deckhouses and the held insulation, which will be 
cork. The crew’s quarters will be insulated with spun 
glass. The vessels are incorporating the most modem 


* Ant. to Admin. Mn. United Concrete Pipe Corp., Steel Stupbuildiog Di- 
visicm. Long Bench, Celil. 


but proved ideas, such items as unusually good ventila¬ 
tion, a fidley permitting plenty of light, and air, and an 
inside passageway from deck to engine room. 

The principal dimensions of these single-screw tuna 
clippers are: 


Length over all. 131ft. 0 in. 

Length on load water line. 126 ft. 9 in. 

Length between perpendictUars_ 119 ft. 9 in. 

Beam molded. 27 ft. 0 in. 

D^th molded. 14 ft. 5 in. 

Brine welf capacity under deck.... 9S40 cu. ft... 

Brine tank capacity on deck. 2160 cu. h... 

Total fish tons capacity. 

Diesel engine fuel oil capacity. 


256 tons 
54 tons 
300 tons 
40.000 gal. 


General Description 

A profile view of these vessels shows that they are 
the raised-deck tima clipper type of design. They have 
a raked stem. The stem is of true cmiser construction 
and thus is more slender than the modified stem used 
in many fishing boats. The hull is of electric welded 
ship plate, varying in thickness from */« to V4 in. The 
stern fram (that part of the diip attached to the after 
end of the keel to form the ship’s stem and including the 
rudder post, propeller post and aperture for the pro- 



Fig. 2—Under Way in the Loa Angeles Harbor is a U. S. Army 
Vessel Built by the Steel Ship Division o! the United Concrete 
Pipe Corp. 

This picture was taken on the trial run of these vessels which 
are 176 ft. long with a 31 ft. beam and are rated at 14 “plus" knots. 



Fig. 1 

Doris Logan, left, and Mildred Seiler give their approval to the 
scale model of the all-steel tuna clippers being built by the Steel 
Ship Division of United Concrete Pipe Corp. The first of four tuna 
clippers will soon see service. 
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and bait tank. The bait tank enclosure is subdivided 
into three insulated bait tanks to cany frozen fish and 
condenser tank. 

On the foreward part of the vessel and above the main 
deck is the raised deck. This deck is also steel plate, ' 
flush welded. An insulated steel deckhouse is located 
on the raised deck and has accommodations for sixteen 
of the crew. The roof of the deckhouse forms the bridge 
deck; however, in order to furnish insulation for the 
deckhouse, the steel plates of the bridge deck are over* 


Fig. 3—A Prafabricated Deckhouse Arrives at the Shipyard 
This deckhouse was prefabricated at the Baldwin Park plant of 
United Concrete Pipe Corp, ^ miles inland, and brought to the 
Long Beach shipyard. It is shown at the end of the "production 
line” where the ships are built in an "end to end” arrangement. 


pellet) is a built-up weldment of plates. These plates 
are flush welded which gives a perfect streamlined flow 
of water to the propeller. 

The vessels are of the double bottom construction with 
a center vertical keel. The double bottom is divided 
into four separate tanks which, in turn, are subdivided 
by this vertical keel. This center keel because it is an 
oil-tight girder, gives eight fuel oil tanks. Four of these 
fuel oil tanks are under the machinery space and four 
are under the brine well space. 

The hull of the vessel is divided into six subdivisions 
by a transome and transverse bulkheads which extend 
to the main deck. Moving from forward to aft, the 
first transverse bulkhead forms a subdivision wherein 
are located the forepeak tank, which is used for fresh 
water, followed by a deep fuel oil tank. These are sepa¬ 
rated from the machinery space by a water-tight 
bulkhead. Going aft from the machinery space or 
engine room, the subdivision holds the brine wells and 
shaft alley. In the last subdivision, formed by the aft 
bulkhead are located the afterpeak tank and the lazar- 
ette. In this subdivision there is an afterpeak tank 
which is used for fuel oil and two fresh-water tanks in the 
lazarette. 

As pointed out above, the brine wells and shaft alley 
are aft of the machinery space. On 
each side of the shaft alley are 
located the wells which are seciued 
in place by girders. There are girders 
top and bottom, fore and after of 
the alley and in addition to support¬ 
ing the brine wells they give longi¬ 
tudinal strength. There are five 
brine wells on each side of the shaft 
alley, making a total of ten. These 
tanks extend from the shaft alley 
to the shell and between the double 
bottom and the deck. 

The main deck of the tuna clipper 
is steel plate, flush welded. On this 
deck and forward of the forecastle 
bulkhead is located the upper ma¬ 
chinery space, as well as the refriger¬ 
ating compressors, cold storage 
rooms, machine shop and other store 
rooms. Aft of the forecastle bulk¬ 
head on the main deck are arranged 
the combination galley and mess 
room, partially enclosed well deck 


Fig. 4—After Arriving Irom the Prelabrication Plant at Baldwin 
Park, 35 Miles from the Waterfront, a Deckhouse Is Lifted Into 
Place in Preparation ior Welding to &e Hull 
All plate work is done away from the harbor area where space 
is at a minimiun and the ships sections such as deckhouses, keel 
sections, pilothouses, bulkheads, forepeaks are transported to tbe 
shipyard as they are needed and assembled as soon as they arrive. 


laid with wood. Between this wood covering and the 
steel plate there is a 2 in. air space thus giving pro¬ 
tection against the heat and the cold. The pilothouse, 
which is on the bridge deck, also has the same type of 
insulation in that there is a wood covering over the steel 
top with a 2 in. intervening air space. 

Aft of the pilothouse on the bridge deck there is a 
raised steel fidley with hinged covers on each side of the 
stack. This allows ample -light and air to reach the 


Fig. 5—A View of the "Production Line" 

Shown are seven U. S. Army vessels at various stages of construction. Upon completion 
a ship is moved from the building slab onto the marine railway and then taken to the 
launching carriage which lowers it into the water slowly and without risk of damage. 
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machinery space. The fidley top is bolted in place so 
that it and tiie streamlined stack may be removed when 
it is necessary to handleheavy weights to and from the 
machinery space. 

The vessels have a single mast and one cargo boom 
and these arc rigged in tuna boat style. For shore and 
work boats there are a large skiff, a small skiff and a 15- 
ft. power boat which are sdl stowed on the raised deck. 

Engines 

The propulsion is furnished by a six-cylind^ direct 
reversible Diesel propelling engine which develops 840 
hp. at 300 rpm. 

There are two 200-hp. Atlas Diesel eng^es turning 
500 rpm. and connected to Fairbanks Morse a.-c. gen¬ 
erators. They develop 125 kw. (156 kva.). 

Si}ecial Features 

These new tuna clippers have a rakish profile and ex¬ 
tremely beautiful lines. The vessel’s form has im- 
usually graceful lines with beautifully flared clipper 
bow and a cruiser stem. The stack is entirely stream¬ 
lined. 

One of the main features of the boat is the casing built 
above the raised deck which furnishes light and air to 
the machinery space even in heavy weather. 

Also in these vessels, the machinery is set very low 
which obviates the necessity of an extremely wide boat, 
but at the same time giving ample positive GM— yet not 
too much so as to make it snappy. The vessd rolls 
steadity and rides easily—^thus providing a good fishing 
platform. In reg^ds to fibbing the stem can be lowered 
until it is flush with the sea, but when the boat is under 
way the stem can be raised to a 24-in. free board even 
when the ship is fully loaded. The trimming of the 
vessel is accomplished by the transfer of fuel oil. 

The designers and builders of the vessels have gone 
to considerable trouble and expense to insulate com¬ 
pletely all necessary tanks and quarters. The crew’s 
quarters are insulated throughout against heat, cold and 
sound. The sides and ends of their quarters ^ve spun 
lass insulation with a plywood interior fini^. The 
oors are wood over steel with a 2-in. intervening air 
space. Air holes are so arranged that there is a constant 
circulation in this space resulting in a cool and comfort¬ 
able interior. An innovation in regards to crew's quar¬ 
ters is the extension of the bridge deck to the sides of the 
ship. This extension of the deck shades the sides of the 
deckhouse and gives protection both against the stm and 
from the rain, while at the same time it allows all pos¬ 
sible circulation of air. All berths are equipped with 
individual fans. 

Special attention was given to the problem of ventila¬ 
tion when these vessels were designed. There is a large 
forward cowl ventilator provided with an intake fan 
-which supplies air to the lower part of the ship. Ad¬ 
ditional ventilation is secured by the use of two up-cast 
ventilators, with exhaust fans in each, which terminate 
in the fidley. These ventilators are mn through larger 
vents from the galley and thus draw the heated air from 
•the galley. The vents will change the air in the machin¬ 
ery space every five minutes. 

The antenna for the radio system is run to a tripod 
on top of the pilothouse. This arrangement obviates the 



Fig. 6—Looking Down th« Slip of the Marine Railway at the 
Steel Ship Divi^on of United Concrete Pipe Corp., a Venel 
Can Be Seen in Position to Be Lifted bom the Water for Repab 
Work 

The railway can handle a ship 240 ft. in length and has a capacity 
of more than 1500 tons, and has the dual purpose of either launching 
vessels that have been built in the shipyard or of pulling th«n iron 
file water for repairs. 


necessity of putting the foremast directly in front of the 
pilothouse which wottld obstmct clear vision, and gives 
a destroyer-like appearance to the clipper. The radio 
system is a com^ation commercial radio and radio 
telephone, and is rated at 500 watts. 

There are no wooden tanks aboard the vessels, all 
being steel. Further, there are no dual-ptupose tanks 
except six brine wells which are used for bait in addi¬ 
tion to the regular bait tanks on deck. All the tanks 
throughout the ship are insulated with 6 in. of cork, 
44,000 board feet of the material being used for this 
purpose. 

I^oduction of these modem tuna clippers is by 
methods which the United Concrete Pipe Corp. have 
used so successfully in the constmction of ships for the 
U. S. Army. In the constmction of Army ships, the 
company has prefabricated the ^p’s sections, such as 
decl^ouses, k^ sections, bulkheads, etc., at its Baldwin 
Park Plant, 35 miles from the nearest tideland. These 
prefabricate sections are transported to their Long 
Beach shipyard and assembled in what closely resembles 
a “production line.” In regards to the tuna clippers, 
the vessels are prefabricated in six sections with the 
piping installed. These sections (three sections com¬ 
prising the entire htiU) are moved on huge trailers to 
the slupyard as they are needed and assembled as soon 
as they arrive. This procedure lends itself to economy 
in production. It al^ helps to relieve the critical man¬ 
power situation, found in any harbor area due to the 
necessary congestion, by having a major part of the 
work done a distance away from tfie waterfront. 

When a ship is completed she is launched on the 
company’s large marine railway. The launching of a 
ship on a marine railway is much different from the con¬ 
ventional method of sliding them down a launching 
way, for the railway lowers them into the water slowly 
and without risk of damage. By reversing the latmch- 
ing process on a marine railway, a ship can also be pulled 
from the water. This facilitates rapid repair work. 
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Safety Factors in Arc Welding 


By R. F. Wyer* 


T here is one peculiarity which distinguishes the 
arc welding operator’s job from other occupations. 
Arc welding is the only widely practiced industrial 
occupation in which the operator handles a live electric 
circuit all day. Yet, in spite of all the implications of that 
fact, the danger of electric shock to the operator is not 
as great as is often supposed. It is proposed here to dis¬ 
cuss safety factors in arc welding from the electrical 
point of view. 

There are, of course, other viewpoints. For example, 
the arc welding operation involves some fire hazards, as 
well as the ordmary mechanical hazards to the workman 
which are common to almost any industrial occupation. 
But these are not peculiar to arc welding. 

The presence of fumes and smoke is likewise not pecu¬ 
liar to the arc welding process, and ordinary means of 
dilution and removal are employed. The medical as¬ 
pects of this matter are the subject of careful investiga¬ 
tions in a quantitative way, but they all point to ade¬ 
quate ventilation as the practical hazard-preventative 
measure. 

Radiation of ultraviolet and infra-red wave lengths 
from the arc are sometimes regarded as serious hazards. 
They are not, in the sense that their effects can easily be 
prevented by commonly used protective helmets and 
clothing. Mystery rays are not present, although it is 
surprising how many times the rumor crops up that this 
or that arc welding equipment gives off radiations which 
result in sterility or peculiar ailments such as might be 
attributed to X-rays. Our own plant in Schenectady 
has effectively disposed of such rumors by having weld¬ 
ing operators carry in their clothing pieces of photo¬ 
graphic film for weeks at a time. None showed the 
slightest evidence of radiation. 

Thus, the hazard of electric shock is the one of greatest 
interest from the arc welding p>oint of view. It seems 
worth while to discuss it in considerable detail, because it 
is not as common a source of injury or death as might be 
supposed from casual acquaintance with the subject, and 
becatise there are definite ways in which even the small 
hazard esm be almost completely overcome. 

We have tried to keep records, and make a study of 
fatalities to welding operators from electric shock. It is 
a difficult task, because insurance statistics are not 
broken down quite far enough to reveal the needed data, 
also, rumors and newspaper publicity are notably inac¬ 
curate when dealing with deaths in the arc welding field. 

For example, here are two versions, from different 
papers in the same city, of the one accident. “Stumbled 
and fell in such a manner that the electrode on his weld¬ 
ing instrument was jammed in his mouth. The charged 
connection sent 550 volts through his body, killing him 
instantly.” And, “Fell dead after 440 volts passed 
through his body. His heavy clothing, which all workers 
in the shop are required to wear for safety, was soaked 
with perspiration and, as he accidentally touched a 

* Application Engineer, Electric Welding Division, General Electric Coot* 
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highly charged arc rod used by another worker, a short 
circuit was caused and the power passed through his 
body.” As a matter of fact, careful measurements im¬ 
mediately following the accident showed a maximum of 
76 volts available to shock the victim. 

But we do have some concrete information, and it 
shows a perhaps stuprisingly small number of fatalities 
from this source. One insurance company* reported that 
among one group of policy holders, electric shock was the 
least frequent cause of occupational death classified— 
fewer deaths being attributed to shock than to falls, 
machinery, railroads or even drowning. This in spite of 
the fact that the group must have included electricians 
and workers in electrical manufacturing plants, and in 
spite of the often evidenced tendency to attribute death 
to electrocution in any doubtful case where a live elec¬ 
trical conductor is present at the scene. 

In a survey which we made among four manufacturers 
using arc welding, selected at random and not including 
General Electric, these figures were obtained for the 
year 1941: There were a total of 14,475 industrial work¬ 
ers employed by the four manufacturers, with a total of 
13 fatalities, or one death per 1110 workers. Included in 
these totals were 1125 arc welders, among whom there 
was one fatality. 

Our own plants have for many years employed arc 
welders, with as many as 1500 welding operators em¬ 
ployed at one time before the peak in this employment. 
Yet in the last seven years there has been but one fatal 
accident to a welding operator. This one was in 193S, 
and there is considerable doubt as to whether death was 
caused by electrocution or by a fall. 

The district supervising engineer of one large insur¬ 
ance* company stated in 1942 that, as measured by com¬ 
pensation rates, arc welding is only 75% as hazardous as 
gas welding. Yet gas welding is not generally considered 
a very hazardous occupation. 

In 1942, still another insurance company* reported 



Fig. 1—In Tbis Tank Manuiactxixing Plant, Hundznd* ol 
Amp. a.-c. Arc Welders (on Balconies, I^ht and Left) Arn 
in Operation 
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Tig. 2—120>Fi. Bridge Gixderf ioi 15*Ton Mill^Type Crane Being 
Fabricated with Aid of Altemeting-Current Arc Welders. 
Longest AU-Welded Crane GSirdert fiver Built. Each Weighs 
36 Tons 


about one electrocution case per month for the preceding 
two years, only two of which involved arc welding. 
These two cases were the only ones they had had for 
many years. 

While no figures on the total employment of arc weld¬ 
ing operators are available, a conservative estimate based 
on industry sales of arc welding equipment and on the 
consumption of electrodes gives a figfure well over 200,000 
for the year 1943. So far, we have heard of only four 
electrocutions among arc welding operators during the 
entire year 1943. 

The shock hazards which do exist might be classified 
as to their relationship to equipment and its layout, 
maintenance, supervision and operator education. 

An idea of the magnitude of some arc welding opera¬ 
tions, and of the care which must go into the selection 
and arrangement of the equipment, is shown in Fig. 1. 
This particular plant has alraut 250 d.-c. arc welders, 
which are shown on the balconies, leftv 

A t 3 q>ical application of arc wdders is the fabrication 
of larger girders as shown in Fig. 2. 

Figure 3 shows atomic hydrogen arc welding equip¬ 
ment in operation, and brings up the perpetual question 
as to the relative hazard in a.-c. and d.-c. welding. Here 
there is at times a potential of 300 volts between the two 
slender electrodes projecting up and to the left from the 
arc. It is alternating-current. No case of severe shock, 
and no fatalities resulting from the use of this equipment, 
have ever come to our attention. 

The point is made to demonstrate the fallacy of ar¬ 
guments, based on clinical or laboratory experience, as to 


the difference between a. c. and d. c. with respect to 
shock hazards. In this equipment an adequately in¬ 
sulated electrode holder is used, and factory designed 
and built protective equipment disconnects the power 
when the arc is not actually in use. 

Exhaustive studies on let-^o currents, made at the 
University of California, definitely prove that under lab¬ 
oratory conditions, a victim is less likely toireeze onto an 
electrode with d. c. than with a. c., at a given current in 
milliamperes. But to draw the conclusion that d.-c. 
welding is invariably safer than a.-c. welding is to ignore 
the factors of voltage, insulation, protective equipment, 
skin resistance, and physical condition of the subject. 

The extremes to which interpretations of these tests 
may go is indicated by the recent development of a the¬ 
ory, by a welding supervisor, that while 24 volts is safe, 
28 volts is dangerous. Or by the performance of another 
welding supervisor, who knelt in water on a steel deck 
and grasped an electrode with soaking wet gloves, to 
demonstrate that one can feel 35 volts, but not 10 or 12. 
If such a demonstration ever convinces a welding opera¬ 
tor that it is safe to place the body intentionally across 



Fig. 4—Typical Single-Operator d.-c. Portable Motor-Generator 
Arc Welder, in Cutaway Section 



Yig. 3—Atomic-Hydrogen Arc Welding on Aluminum 


any electrical circuit, it may well be a contributing 
factor to his untimely death. 

What are the welding equipments we are mainly con¬ 
cerned with? First, a single-operator d.-c. welder, 
shown in Fig. 4 is a cut-away view showing the motor at 
the left, with d.-c. generator at the right of the assembly. 
The motor usually operates on 220, 440 or occasionally 
550 volts, three-phase, a. c. The generator delivers from 
50 to 100 volts, d. c. Insulation around the windings of 
the motor, and additional insulation on the generator, 
effectively separates the p)ower-circuit voltage and the 
welding circuit. 

Shown in Fig. 5 is a common type of a.-c. welder which 
transforms energy from the power system into lower 
voltage and higher current, with control of the current 
output to suit it to the welding process. This equipment 
also insulates the power circuit from the welding circuit. 
The input, or power circuit winding, is electrically sep¬ 
arated from the 75-volt welding circuit winding. 

Another form of a.-c. welder is designed particularly for 
outdoor service. This welder includes a welding trans¬ 
former like the indoor type, together with a built-in con¬ 
trol panel which automatically reduces the voltage on 
the welding circuit to about 30 volts within one-fifteenth 
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Ilg. 6—Tank ior Large Oil Circuit Breaker Being W^ded 

of interrupting the stalled rotor current of the d.-c. 
machine or the maximum current which can be drawn 
by the a.-c. unit when the welding electrode is short- 
circuited on the work. 

On the welding-circuit side of a unit, care should be 
taken to avoid the possibility of getting double the 
normal circuit voltage between two adjacent welding 
circuits, because of the connection of one unit with one 
polarity, and the other with opposite polarity. On a.-c. 
units, abnormal voltage of somewhat lower value can also 
be obtained if adjacent welders are operated from differ¬ 
ent phases of the supply line. This factor has rarely, if 
ever, caused serious trouble because of the small likeli¬ 
hood that an operator will get hold of two welding cir¬ 
cuits at once. 

Probably the most important item in equipment, from 
the safety point of view, is the electrode holder. Al¬ 
though uninsulated holders have been used in arc weld¬ 
ing for many years, good practice unquestionably re¬ 
quires that f^y insulated holders should be used. 

Figure 6 not only shows an uninsulated electrode holder 
but incidentally, an ideal set-up for potential trouble. 
The operator is in a cramped space, and also undoubt¬ 
edly in contact with the conducting metal in a number of 
places on his body, unless his clothing is dry and his 
shoes free from n^s. In his hand be holds an electrode 
holder which has a handle of insulating material, but 
through which extends an uninsulated screw-head. IVob- 
ably any contact he might make with the screw, through 
wet gloves or with the bare hand, would be too small in 
area to permit electrocution. But a shock may make 
him do something involuntarily, which will put him in 
danger. The worst feature of this holder is that the 
head, projecting out beyond the ring or collar of insulat¬ 
ing material just above the hand, is entirely uninsulated. 
Each time the operator changes welding electrodes, there 
is a good chance that he will contact this exposed metal. 
If he should fall on the holder, or sling the cable over his 
shoulder or around his neck, as is frequently done, this 
live conductor may contact hjs chest or back. (Fig. 7.) 

There are now several types of good insulated electric 
holders on the market. They should be used on any 
welding job, and their insulation should be kept in first- 
class condition. Studies of accident reports reveal, in a 


of a second after the welding arc is extinguished, as 
when the electrode must be ch^ged. Touching the dec- 
trode to the work automatically puts full power on the 
welding circuit again. 

With respect to the installation of arc welding equip¬ 
ment, the major safety point is the necessity of ground¬ 
ing the frame of the wdding set, regardless of whether 
it is an a.-c. qr d.-c. unit, or whether it is stationary or 
portable. Common sense, as well as the National Elec¬ 
trical Code, demand that this should be done. An un¬ 
grounded unit, even one in perfect condition, can give 
annoying shocks and tickles to a grounded individual, be¬ 
cause of the inherent ability of an electrical circuit to 
induce a static charge on another conductor separated 
from it by insulation. The effect is the same as ^at in a 
condenser, or Leyden jar. 

In the event of failure of the insulation, due to age, 
abuse, or accident, the frame of a unit may become 
charged to full power circuit voltage, with serious con¬ 
sequences, unless the frame is grounded. If the proper 
ground connection is in place, however, the frame cannot 
have a voltage to ground, and the only effect of such a 
failure will be the blowing of fuses or tripping of circuit 
breakers and disconnection of the unit from the line. 

This immediately suggests the necessity of ins tallin g 
adequate overcurrent protection and switches in the 
power circuit to the welder. Fuses or circuit breakers 
must be capable of interrupting the Tnagitnntn current 
which may be drawn by a short circuit in the motor or 
power leads of a d.-c. welder, or in the primary circuit of 
an a.-c. welder. Disconnecting switches must be capable 


Fig. 5—Axc-Welding Transfonner 




/ Fig. 7—Dangerous Welding Practices 

should never sling an electrode holder over his shoulder, nor leave an electrode in a 
not in use. 

^“MJerator should be particularly careful when working above the floor or ground, since many fatalities 
ga«dbyfaUing. 

i^^The insulation of this electrode holder is broken. 

Cables coiled under operator's feet and legs may trip him when he rises from squatted position. 
>--Sectrode holder should never be thrown or placed where it can make contact with conducting 



















good percentage of cases, evidence that uninsulated elec¬ 
trode holders caused or contributed to death. 

Maintenance and supervision play an important part 
in the safety side of welding, as is the case in almost any 
other process. Fire hazards should obviously be watched 
for and, when found, eliminated. Welding cables and 
their connectors should be examined frequently for 
breaks in insulation. The extremely hard service to 
which welding cables are subjected often results in se¬ 
vere damage to the insulation. Yet the welding opera¬ 
tor, accustomed to arcs and sparks in his daily work, often 
disregards accidental short circuits which spell trouble 
to the safety man or the fire inspector. Likewise, weld¬ 
ing return circuit connections should be given attention, 
by supervision. Arcs or flashes in unexpected places 
along the return path of the welding current may result 
in fire hazards if reinforcing rods, scrap lengths of pipe or 
bar laid together, or building piping are indiscriminately 
used. 

The maintenance of adequate safety ground connec¬ 
tions to the frames of all welding machines should be 
checked, because many operators do not realize their 
importance. For the same reason, the maintenance of- 
in^ation on electrode holders should not be left to oper¬ 
ators alone. Electrical repairs , and connections on the 
power-line side of the welder should be handled only by 
competent men. 

In the last analysis, it is obvious that the welding oper¬ 
ator and his safety education plays the greatest part in 
preventing accidents to himself. It is undoubtedly signifi¬ 
cant that at least one—there are probably others— of 
the large electrical manufacturing concerns has an unu¬ 
sually good accident record in regard to shocks to weld¬ 
ers. Regardless of special instructions, the whole phi¬ 
losophy of such a group of workers leads to a healthy re¬ 
spect for all electrical circuits and proper care in handling 
diem. 

The paramount warning should be to take particular 
care in hot and humid weather, and when welding in wet 
places. Almost without exception, fatal accidents to 
wdders occur in hot weather. The operator’s own con¬ 
dition and that of his clothing should be his guide. He 


should always guard against wet gloves, shoes, and 
clothing, particularly clothing made of thin cotton fab¬ 
rics. 

The operator should assume the major responsibility 
for seeing that the insulation of the electrode holder is in 
good condition. 

He should learn to carry an electrode holder by the 
handle, never slung over his shoulder, or squeezed under 
his arm. 

He should never, under any circumstances, transport 
an electrode holder with an electrode or electric stub in 
it. 

He should never throw or lay an electrode holder down 
so that it makes contact with any conducting material. 

He should never work alone in confined or concealed 
spaces wheft, for example, striking his head may cause 
temporary loss of his faculties. 

He should be particularly careful when working above 
the ground or floor, since it is significant that many fa¬ 
talities involve a fall. 

Case studies, incomplete as they usually are, give a 
basis for these recommendations. For example, in all 
but one of nine reports of accidents, dating from 1934 to 
1943, the statement was made that the weather was very 
hot, or that the victim’s clothing was soaking wet. In 
five of these nine cases, a fall was involved, ranging from 
a height of eleven feet to the case of a standing man who 
fell to a steel floor. In every one of them, the electrode 
holder was uninsulated, and in none was there evidence 
of contact with any live part other than the electrode 
holder. Four of the cases involved arc welding operators 
working in confined spaces. 

This discussion can be summarized as follows: 

1. Arc welding is not a hazardous occupation, as 
judged by industrial standards. 

2. Electric shock is a relatively infrequent cause of 
death. 

Where electrocution of the welding operator has oc¬ 
curred, one or more of three factors was usually involved: 

1. An uninsulated electrode holder. 

2. Wet gloves and clothing. 

3. A fall. 
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Aluminum 


Spot Welding Tips 

By Eugene J. Peltier* 


AN EXCELLENT outline on “How to Spot Weld 

/% Aluminum” is given in the August 1942 issue 
I \. of The Welding Journal, whi(^ is the Joiunal 
of the American Welding Society. 

This information may be purchased separately in a 
reprint issued by the Society. It is called “Tentative 
Standards and Recommended Practices and Procedures 
for Spot Welding of Aluminum Alloys.” The price is one 
dollar. 

This article fully explains the processes required for 
successful spot welding of aluminum. A careful study 
of these Standards, combined with a knowledge of the 
theory of electricity, will enable anybody to efficiency 
supervise, inspect or opiate an aluminum spot-welding 
department. 

There are several points in altuninum spot welding, 
however, which need special analysis from time to time 
and in this paper I shall attempt to outline some of them. 

Prior to the war and the tremendous increase in the 
aircraft industry, aluminum spot welding was a specialty 
confined to a few manufacturers such as those making 
household utensils and special electrical apparatus. 

However, the spot welding of ferrous metals, brasses, 
stainless steel, etc., was quite widely utilized in industry. 
Expanding requirements for fabricated parts of alumi¬ 
num necessitated the revamping of existing equipment 
in order that it may be utilized. 

Aluminum spot welding requires higher current values 
and a much closer control of the duration of the weld 
than that needed for most other metals. 

Fortunately, electronic timers had been developed 
and perfected to such an extent that the exact t 5 q)e 
needed may be ptnchased, with proper priorities, and 
connected to present resistance welders. 

These electronic timers allow a very accurate selection 
of timing the duration of the weld from 1 cycle to 30 
cycles. That is, with a 60-cycle alternating current sup¬ 
ply, the time can be acciuately control!^ within the 
range of from one-sixtieth of a second in sixtieths of a 
second up to one-half second or more. 

This is a tremendous advantage to machines on which 
the duration of the weld is controlled by a can on the 
driving mechanism or some attachment operated by air- 
pressure switches or similar devices. With an electronic 
timer the duration of the weld can be accurately set 
merely by adjusting a dial, whereas a mechanical control 
requires considerable work and only approximate results 
are obtained, never approaching the accuracy of the 
electronic timer. 

Unless a welder is already equipped with condenser dis¬ 
charge apparatus, or is of the stored inductive energy 
type, it is ^visable to add an electronic timer. 

A second point in the adaptation of present equipment 
is the analysis of the current capacity of the machine. 
Since aluminum has a relatively high conductivity, a 
much higher current value is required to spot weld it as 
compared to ferrous metals. Currents ranging up to 

* Porefnan, Westinghousc Blec. & Mfg. Co.. Springfield, Mots. 


50,000 amp. are needed to obtain the proper size of spot 
weld when working with heavy stock such as quarter 
inch welded to quarter inch. Some setups are such that 
cause high secondary impedance requiring high machine 
capacity to overcome this impedance and provide suflB- 
dent current for the weld. 

The duration of the weld for aluminum is considerably 
shorter, in general, than that for ferrous metals, and in 
most cases the loading of fixtures and directing the parts 
between the points require considerable time as com¬ 
pared with the actual welding time. This leads toward 
a low-duty cyde; that is, the ratio between the current 
time on and ^e current time off is quite low. Most spot- 
welding transformers are designed for a 50% duty cyde, 
indicating the current time on is equal to the current 
time off. The controlling factor in the design of these 
transformers is the dissipation of heat. With a low-duty 
cyde, such as is coimnon in aluminum spot welding, 
these transformers could stand more load without over¬ 
heating. 

The current capadty of most machines can be in¬ 
creased, in some cases up to 25%. The following pro¬ 
cedure is used to increase the output of these machines. 

The transformer is disconnected from the line and a 
test is run on it to plot its saturation curve. This is done 
by leaving the secondary windings open and ic^essing 
a potential on the primary, ranging from 50% of the 
normal primary voltage to a point at which the exciting 
current increases rapi^y with a small increase in voltage. 
Readings of impressed voltage and exdting current are 
taken at small voltage steps. From these data a ctuve is 
plotted using the voltage as the absdssa and the current 
in amperes as the ordinate. The point on this curve at 
which the current starts to increase rapdly with a slight 
increase in voltage is called the kiiee of the saturation 
curve- The voltage value just bdow this knee is the 
value at which the transformer can be safely operated. 
In most cases this value is higher than the rated primary 
voltage of the wdder. Thus, with a suitable transformer, 
auto transformers, or induction voltage regulator, the 
voltage impressed on the primary of the welding trans¬ 
former can be increased with a corresponding higher 
secondary current. 

. When the installation includes an electronic timer and 
the primary connections to the welding transformer are 
made through electronic tubes rather than contactors, 
there is a de^te voltage drop across these tubes. This 
drop causes a reduced voltage to be impressed on the 
primary windings of the welding transformer. 

The exact amount of this drop can be determined by 
examining the manufacturer’s characteristics of these 
tubes. 

The line voltage can be fiuther increased by the 
amount of the voltage drop of one of these tubes. 

This increase in capacity puts an added load on the 
power lines feeding the equipment as well as the fusing of 
the power circuit. These points should be checked, and 
if several spot welders are on the same power lines it is 
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advisaUe to locate wdders as dose as possible to the 
main power busses or substation. 

The effect of simultaneous operation of two or more 
welders on the power supply, and on the quality of the 
wdd produced on the individual machines, is adequatdy 
described by another artide in Thb Wbldino Joxjrnal. 
It would be well to state that the effect of this simultane¬ 
ous operation is proportionate to the voltage drop in the 
supply lines indicating again that adequate supply lines 
and locating your wdding department as dose as pos¬ 
sible to the feeder transformers are vital details to con- 
sistancy in spot wdding. 

Even after reconnecting your spot wdders in such a 
manner to obtain the tnayiTnnm current from them, you 
may occadonally be asked to wdd some parts requiring 
more current tlmn is available. In stating the amount 
of current required, I refer to the tables of current values, 
pressures and time of duration as advised in the “Tenta¬ 
tive Standards and Recommended Practices and Pro¬ 
cedures for Spot Wdding of Alumintun Alloys.” These 
values are for obtaining an ideal wdd, but a certain 
amotmt of latitude is allowed if one understands the ef¬ 
fects of deviating from the values given in the tables. 

Let us take a look at the formula 

H = P'KrXtXk 

in which 

H = the heat in watt seconds 
I * the ciurent in amperes 
r the resistance between sheets in ohms 
t — the time in seconds of the duration of the wdd 
k = a constant controlled by the dissipation of heat 
in the wdd area. 

An analysis of this formula shows that any of the fac¬ 
tors on the right-hand side of the equation could cause a 
change in the heat obtained. Now if the required current 
I is not available, a sufficient increase in r or / would 
compensate for the lack of current, r, the resistance be¬ 
tween sheets, can be increased by decreasing the pressure 
applied on the work, t can be increased by leng^ening 
the duration of the wdd. The quality of these wdds 
may not be absolutdy ideal, but by properly adjusting 
values of pressure and time a very satisfactory weld may 
be obtained from a machine slightly imder the cturent 
capacity desired. 

Thus far we have discussed the application of equip¬ 
ment formerly used for spot wdding steel to the duties of 
spot wdding alumintun. In several cases, new equip¬ 
ment is purchased. Concerns manufacturing this equip¬ 
ment will, upon request, advise the specific t 3 q>e b^t 
suited for your application. It is advisable to be sure of 
accurate timing control plus sufficient current capadty 
for the heaviest sections you will be required to wdd. 
Purchase a machine or machines which will not overtax 
your available power lines, because new power wiring 
and transformers are costly and difficult to obtain. 

The Tentative Specifications for Spot Wdding Alu¬ 
minum recommend the use of analytic^ cross sections of 
sample pieces to determine the quality of the wdd when 
setting up the machine. They advise setting the current, 
time, pressures, point size and contour before starting to 
wdd. Then weld two test pieces together. These test 
pieces are cut across the wdd, taking care to leave over 
half of the wdd on the part to be andyzed. This part is 
filed using a “Vexon” or milled tooth file until the wdd 
is sectioned exactly in the center. The Standards advise 
the use of “Keller’s Etch” to etch the sample, but a hot 
concentrated solution of Oakite No. 30 or caustic soda 
followed by a dear hot water rinse, then a dip in 25% 
nitric acid and another dear hot water rinse does a satis¬ 
factory job. After the section is etched, the wdd nugget 
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is dearly defined and can be readily analyzed. The ma¬ 
chine setup or point contour may be alte^ and the sec¬ 
tioning procedure continued wiUi more test pieces until 
an ideal section is obtained. 

Once this ideal setup is obtained, the operator must 
use spedal care not to alter it in any way without check¬ 
ing the new setup with another section analysis. 

The operator must prevent the wdding points from 
shorting against other members of the assembly to be 
wdded, o^erwise some of the current will be Averted 
from the wdd area and an inferior wdd obtained. 

Fixtures should never be made of sted because the 
presence of sted in the secondary enclosiu'e will increase 
the impedance of the secondary circuit thereby reducing 
the current and affecting the wdd. Also the high surge 
of current will pull any ferrous fixture and is likely to 
thiust the assembly out of correct location or surprise tbe 
operator. 

By far the most critical factor and the hardest to 
control is maintenance of the spot-wdding tips. Tbe 
contour of the surface of these tips which contact the 
metal to be wdded control the penetration of the wdd 
into the respective pieces, as well as the size of the wdd. 
Since the tips will pick up aluminum after a certain num¬ 
ber of wdds, they must be periodically deaned. This 
deaning must not alter the contour of the tips and must 
be done with extreme care by.an experienced operator 
otherwise the character of the wdd wffi be changed and 
in some cases will cause a complete loss of wdd. Care¬ 
ful, thorough instruction to eadi operator and a periodic 
checkup by section analysis is the only way to control 
consistency throughout a large number of wdds. Tbe 
original setup cross section should show suffident pene¬ 
tration, about 40%, into each of the two pieces and 
should be of suffident size. That is, the diameter of the 
wdd should be equal to tmce the thickness of the thin¬ 
nest piece plus one-sixteenth of an inch. This will allow 
for shght variation in point contour and size that even 
the expert operator cannot avoid. 

It has been proved that a well-trained operator starting 
off with a good section analysis and cardully dressing his 
points can make several diousand wdds in aluminum 
with an extremdy low percentage of ddective welds. 

A periodic test piece set up in a tensile testing machine 
is advisable to assure proper streng^ of wdd. 

In analyzing a cross section of a spot wdd, dearly de¬ 
fined areas show concentrated heat between the two 
sheets wdded. This is desired. Cloudy areas show poor 
concentration of heat and doudy areas extending toward 
or up to the point of tip contact indicate heating of the 
sheets on the surface. This will lead to poor surface ap¬ 
pearance and rapid tip deterioration as well as exces¬ 
sive aluminum pickup on the tips. Recommended cor¬ 
rection for this condition is a larger tip area and more 
thorough tip deaning. A dirty tip will cause more heat 
at the point of tip contact on the sheet. This is due to 
the fact that the contact resistance between an aluminum 
coated tip and the sheet aluminum is greater than that 
of dean Cupuloy and aluminum. Surface spit or indica¬ 
tions of aluminum melting on the surface is unnecessary 
and indicate a very poor machine setup. 

Another detail to simplify spot wdding aluminum is to 
use high current values, low time values and high tip 
pressure. These values are so recommended in the Tenta¬ 
tive Standards, and by adhering to them a ^ater num¬ 
ber of good wdds can be obtained between tip cleanings, 
thereby increasing tip life and reducing labor costs. 

In setting up a spot welder when previous data have 
not been collected, it is good practice to sdect tips whose 
contact area is proportionate to the thickness of the sheet 
to which they will contact. For example, when wdding a 
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Vrin. thick sheet to a Vw-in- thick sheet, the tip contact¬ 
ing the thicker sheet should have approximately ttvice 
the contact area as the tip contacting the thinner sheet. 
This tends to focus the current so the greater concentra¬ 
tion will be between the two sheets where it is required. 

Careful maintenance of all equipment will reduce 
breakdown time, departmental overhead and help meet 
production schedules. All machines and auxiliaries are 
generally supplied with instruction manuals and if they 
are not on h^d, the machine suppliers will provide them. 
These manuals should be carefully studied by whoever is 
responsible for the maintenance of the machines. Also 
ea(^ individual operator should know enough about his 
machine to avoid calling in assistance to make some ad¬ 
justment for which he himself is responsible. This state¬ 
ment should not be misconstrued to indicate that the 
operator should tamper with the electrical circuits, 
tubes, relays or protective devices, but he should be cer¬ 
tain that cooling water circuit is functioning, his setup is 
correct and the electronic timer has come up to heat. 

Generally, if there is any current at all at the tips of the 


machine and a good weld is not obtained, the settings of 
time, current, pressure and tip contour are incorrect 
rather than something being radically wrong with the 
apparatus. An exception to this is that one of the igni- 
tron tubes in the electronic timer may be irratic or in¬ 
operative allowing only one-half of the wave to pass. The 
tube life is long, but when a machine is making from 3000 
to 15,000 welds in an $-hr. period these parts are subject 
to wear after long use. A list of all parts which are sub¬ 
ject to failure should be made and ample replacements 
kept on hand. This investment will pay for itself many 
times in reduced breakdown time and production sched¬ 
ule made. A good supply of welding tips, electrode 
arms and holders of various types to make special setups 
is a valuable stock to have on hand. 

In conclusion, if you are ever called upon to do any 
aluminum spot welding, I would suggest that you obtain 
a copy of the “Tentative Standards and Recommended 
Practices and Procedures for Spot Welding of Aluminum 
Spot Welding Tips from the Socibty, and it will greatly 
assist you in any problems. 
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Save Those Tires 

By L. I. Rumig* 


AN AUTOMOTIVE service company has built up 
/% a good business by altering automobile disk 
1 \ wheels with a cutting blowpipe. The wheels 
are then able to take wider rims, and thus help save tires. 

Authorities have found that it is of great importance to 
mount the tires on the right-sized rim. It has been 
proved definitely that the rim width directly affects the 
rate of tire wear, and therefore can become a contributing 
factor to tire life. The laiger-sized tires that have be¬ 
come popular in recent years do not always give users 
the absolute maximum mileage, since such tires are 
frequently mounted on rims designed for the smaller 
tires of earlier days. Rim width was a matter of no 
great concern when rubber was plentiful, but now it is of 
decided importance. It is imderstood that when the 
manufacture of wheels is resumed, they will be made 
with wider rims. 



Fig. 1—^When the Wheel Is Turned on the Shaft, the Cutting 
Mowpipe Will Remove the Bead of the Old Rim Neatly and 
Accurately 


When a large tire is mounted on a narrow rim, the 
tread surface is curved sharply, leaving only the center 
in contact with the road; this results in concentrated, 
rapid wear. The side walls are belled out and are more 
ea^y damaged. If the same tire is mounted on a wide 
rim, the tread tends to be flattened out and to make full 
contact with the road, resulting in uniform wear and 
better traction; the side walls remain in normal position 
and are better protected by the sides of the rim. 

This automotive service shop makes a specialty of 
replacing rims on light delivery trucks. At first the old 
rims were removed from the steel disk wheels by cutting 

* The Liodc Air Products Co. 



Fig. 2—The New Rim It Mounted on the Remaining Portton 
of the Old One and Attached by Tack Weldt at Rve or ^ 
Point* on Each Side 


them off in a lathe, but this soon proved too slow and too 
expensive. It was found that the same, or better, results 
could be obtained with an oxyacetylene cutting blowpipe 
in a fraction of the time and at nominal cost. 


Method of Procedure 

In this shop the cut is made by mounting the wheel 
and the blowpipe in an old rig that had been used years 
ago when truck wheels were converted from solid to pneu¬ 
matic tires. A suitable rig can easily be fabricated with 
a welding blowpipe from scrap material that can be 
found in any service garage. The sketch. Fig. 1, indi¬ 
cates the arrangement. 

The wheel rides horizontally on a vertical shaft—a 
length of scrap pipe would serve the purpose. The two 
cones, the upper one of which is adjustable vertically, 
permit the accommodation of wheds of various hub 
sizes. The blowpipe is mounted on a bracket on the 
shaft, above the wheel. Either a hand- or a machine¬ 
cutting blowpipe may be used. By merely turning the 
wheel at the proper speed, with the blowpipe remaining 
stationary, the bead of the rim can be cut off accurately 
and neatly. 

After both beads of the old rim have been cut off, the 
new wider rim is mounted as shown in Fig. 2 and at¬ 
tached to the remaining portion of the old rim by tack 
welds at five or six points on each side. No attempt is 
made to balance the wheel until after the tire is mounted. 
Before welding, however, the rim is properly centered 
with respect to the wheel and a check for trueness is 
made. 

It will be noted from the sketch that the drop-center 
type of tire mounting used before the alteration is elimi¬ 
nated and the new rim is equipped with a lock-ring. This 
is merely for convenience in fenning the new rim and at¬ 
taching it to the remains of the old one. 
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Velding versus Riveting on Hopper 
Dredge Construction* 


By S. £. Lawrence^ 


AR emergencies and the necessity for utilizing 
to the fullest extent all our industrial re> 
sources have resulted in many new combina- 
»f efforts and usages of all the facilities as they exist 
machine world. 

will to do and to get results with the means at 
las given birth to an expression among river and 
men familiar with the determination and in- 
y of men who operate dredges. This wordage bids 
come into the language in time as an expression of 
>hshment of difficult tasks with the immediate 
they control—this idea is summed up in the 
phrase “dredge boating.” If you hear a man say 
dredge boating” you may know some one is doing 
ith little, or getting full benefit out of what he has 
command. 

it a year ago it became imperative to construct 
nail (in point of yardage), shallow draft seagoing 
dredges, (Fig. 1). They were designed by the 
Department of the U. S. Engineers, under the 
»n of Colonel H. B. Vaughan, Jr. (now General) 
)f Engineers, for quick production to help out in 
Ilow or medium depth waterways or those of our 

design followed the general principles for dredges 
t 3 q>e which have been developed by the U. S. 
■r Department, but brought these basic ideas up 
in accordance with best proved practices. Or- 
Duilding conditions would have made the con- 

paper sabmitted by S. B. Lawrence, Chief Marine Branch, U. S. 
Dept., Philadelphia, Pa., in the Indiiatrial Prog^eae Award Pro- 
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struction of these two dredges a real pleasure and a proper 
monument to two former members of the Corps of 
Engineers. They are named the Hains and the Hoffman 
after two deceased members of the Corps of Engineers— 
as is a custom of the service. 

When proposals for building these two 300-700-cu. 
yd. dredges were being considered, it was found that 
most of the shipyards ordinarily av^able for such work 
were not only ^eady overloaded, but each yard was 
developing its own facilities to produce maximum effort 
and results in shipbuilding—and a seagoing dredge is a 
ship as well as a dredge. 

One cpmpany had gone all-out for the welding of hull 
plating, scantlings and everything else. Another was 
at that time set up for riveting—from the drafting room 
through the hold loft, laying out, fabricating, fitting up, 
riveting, etc. Not only shops and tools adapted to 
riveting, but their mainstay of men were riveters, heaters, 
passers and buckers up. They were a riveting outfit 
throughout. 

Other yards, seeing the handwriting of competition 
on the wall, were in a state of transition. Their plant 
had a background and a big investment in riveting equip¬ 
ment and riveting personnel, but their new force and 
equipment were being built arotmd the more modem 
methods made possible by the welding process and the 
ease with which welders can be more quickly trained. 

It costs money to change over and not only money 
but time, which we did not and do not have. Common 
sense demanded that the yards do with what they had 
supplemented by what iliey could acquire most ex¬ 
peditiously. 
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fig. 1—First Seagoing Hopper Dredge of Paitiedly Welded Design 
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Fig. 2—Dredge in Early Stagea of Conatruction 


Therefore, an agreement was made with a yard which, 
while fundamentally a riveting yard in years gone by, 
was equipped throughout for riveting down through 
and including the personnel—foreman and men of 
trained skills. This yard was also facing a conversion 
to an approved step ahead in their building methods. 
They were equipped in a lesser degree as a welding 
yard,too. 

Engineers realized that the maximum efforts must be 
made in the production of these dredges by combining 
the ^orts of both classes of production and methods of 
construction. The construction agreement was made 
so that all available facilities could be brought to bear on 
this essential war problem. The bow and stem of these 
dredges, speaking generally, were to be riveted and the 
ami^hip sections of the hulls were to be welded (Fig. 2). 

During their building the past few years have seen 
many interesting combinations of these two schools of 
fastenings of huU and structural shapes, either of which 
would have produced a dredge and both combined have 
made it possible to call into action much needed war tools 
by utilizing a mixture of both in a yard which could not 
have brought its full force to bear by using welding or 
riveting alone. 

It is diflBcult to evaluate the two methods of this work, 
because of the stress of the times and distorted condition 
of procurement, delays making sequences of operation 
difficult, and the intermingling of portions of the work, 
and also because there are few comparable jobs that are 
riveted one time and welded another. 

Certain things have been gleaned from this experience, 
however, and it has served as a laboratory for future 
reference even if the experiments were not conducted 
under the most favorable times and conditions. 

1. The first lesson that was emphasized was the de¬ 
sirability of proper design for either welding or riveting in 
work of this type. 

2. The great field for savings to be effected in a plant 
in transition by following through from design to finished 
product. It is not merely the substitution of a new 


fastening to obtain an equivalent strength. Many 
savings can be effected. Savings of weights of metals, 
economy of shapes, easier fabrication of sheets, simplifica¬ 
tion of fittings-^ead weight saving of welding rods over 
rivets, etc. 

3. Savings of time were found harder to equate, due 
in part to the fact that facilities were not previously pro¬ 
vided to expedite welding operations and due to lack of 
time to work out the simplest, most economical manner 
of welding a seam, i.e., whether overhead, down welding, 
side welding, etc. 

4. Units of price work costs were difficult to reduce 
to a common denominator for comparison. Labor 
prices, for mechanics of certain classes did not reflect 
their day rate in consistent constancy. This can only be 
fairly compared where, say, tanks of the same size are 
constructed with setups under favorable working con¬ 
ditions for welding in one case and riveting in the other. 
The continually varying jobs on dredge building were not 
conducive to accuracy. 

Comparisons could not be made to an extent that 
would fairly reflect in a comparable manner the most 
desirable method, except in a few instances. An attempt 
to set forth such isolated comparisons would entail too 
many explanations of the facilities or lack of them in the 
plant in which this work was done. 

Very definitely, however, welding proved a ready 
supplement to an inadequate supply of riveters and in 
an emergency where the immediate need would not 
permit tbe lengthening out of the building period to 
conform to the number of accessible riveting personnel. 
The two methods of welding and riveting were carried 
on without conflict or embarrassment to the work. 

Special precautions were taken in assembling the plates 
and parts, especially in curved hull sheets to prevent 
undue contraction of the joints which would result in 
buckling and warping of frames and stiffeners (Fig. 3). 

Since the bow and stem were riveted, only the simplest 
straightaway sections were involved in these welding 
precautions. While not especially designed originally 
for welding, this point was considered in the making of 
construction or shop drawings and by a selected se< 
quence in welding and in some instances by prespringing 
of sheets, etc. 

Of course, it is too soon to determine whether any 



Fig. 3—General View of Welded Conetnictira Amidihipc 
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internal stresses of a serious nature have been set up in 
the hull, but none were evidenced after launching and 
since many authorities agree that these stresses tend to be 
largely relieved of themselves after a time, none are an¬ 
ticipated to develop. As is customary, certain sections 
were preassembled in convenient places and welded before 
erection, such as machinery foundations, bulkheads in 
part, etc. 

Ordinarily it is the practice on a ship for weltog to 
start at approximately the center of the vessel, with the 
welding progressing outward, forward and aft from that 
point. In the instance of the Hains and Hqffmant it 
was a somewhat modified case. After the midships 
sections had been constructed in this customary manner 
these sections then had to be fasted by welding to the 
riveted bow and stem sections, and allowances had to be 
m»le accordingly. 

Weight savings in the welded portions were estimated 
to be close to 10% and can be translated into extra cargo 
tonnage in a freight carrier or in increased carrying 
capacity in the case of a dredge—cubic yards of mud. 

Savings of weight was one of the advantages of our 
combination system of construction. In the welded 
section this was augmented by doing away with plate 
laps and straps, faying flanges of frames, etc., stiffeners, 
connecting angles, clips, etc. Another advantage we 
counted in the wdded section over that of the riveted 
sections was: strength—no weakening of frames frcm 
rivet holes, even though intangible unrelieved residual 
stresses may have tended to offset this somewhat. With 
good metal and workmanship, little question remained 
about the strength of a joint, very good ductile weld 
metal was used. 

Much might be said of the stresses and strains pro¬ 
duced in plates and structural members when no means 
of relieving them are attempted, or where "free” ends 
cannot be conveniently left or peening done. 

Of comse some buckling of plates was expected with 
the corresponding warping of stiffeners but little if any 
of that was in evidence. 

In making a comparison of welding and riveting on 
work of this nature the most difficult part of the equa¬ 
tion is the relative labor cost. 

The following points go into the establishing of rates 
in welding, wiSi labor only involved and a crew con¬ 
sisting of one welder only. 

1 Size of welding rod (usually up to and including 
’/u in. in diameter). 

2. Kind of current (whether a. c. or d. c.). 

3. Kind of weld (fillet or butt, one or two sides). 

4. Thickness of plates or shapes. 

5. Position (whether flat, vertical, horizontal or 

overhead). 

6 . Location (ship board or slab). 

It is easy to see how many combinations are required 
to make up a wage scale for work of this character, es¬ 
pecially when your plate thickness may vary all the 
way from Vs to iVs in. and again when special work 
other than simply joining plates or shapes are involved. 

When riveting rates for labor were set up for piece 
work (price per hundred rivets) both snap and flush 
riveting had to be considered. The following point 
then bad to be taken into consideration. 

1 . Size of rivets (Vs to 1 in. in diameter, and some¬ 
times length was taken into consideration). 

2. Whether work was on ship or ground work. 

3. Number of rows (single or double). 

4. Location aboard dredge: The location greatly 
determined the piece difference in the cost for labor. 
Several locations were considered comparable and the 
same price per himdred for the location of rivets was set 
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i.e., snap riveting for deck house bulkhead, lower 

deck, "promenade” deck (Fig. 4) were all considered 
as of equSl value. Prices varied on an ascending scale 
for the following ‘A-in. riveting. The first seven items 
listed below were given the same rate. Those following 
increased somewhat with each item: (1) deck house 
inside; (2) side stringers; (3) keelson; (4) frame con¬ 
nections; (5) beam keel brackets; (6) framing in hold; 
(7) rider plate; (8) intercostals; (9) engine girders; 
(10) C. V. keel; (11) frame brackets; (12) steering en¬ 
gine foundations; (13) trunks and vents from ladder. 

Some 77 different siiziilar locations were set uplor snap 
rivets alone, in sizes ranging from •/* to Vs in. Thirty- 
seven of these locaticms were ship work locations, and 
the remaining forty were classed under ground work, 
varying all ^e way from comparatively light smoke¬ 
stack fabrication (’/g in.) as the low on the scale (ap¬ 
proximately $2.40 per himdred) to "trunk and vents 
from ladder” as high as approximately $7.50 per hundred 
rivets. 

In the flush riveting piece work involving Vs to 1-in. 
rivett the same distinction is made as to which is ground 
work, and over a hundred different locations and con¬ 
ditions were enumerated (56 of them are in ship work and 
46 are ground work). 

Some of this work ranged as high as $12.30 per hundred 
on special locations and on large 1-in. rivets. These 
unit costs included all labor connected with driving the 
rivets. These unit costs included all labor connected 
with driving the rivets of this size in special locations and 
under the specific conditions set forth. 

An enumeration of these different locations in them¬ 
selves would serve no purpose here. It does, however, 
give an idea of the great number of classifications re¬ 
quired in setting up a riveting labor price schedule for 
piece work. 

Granting that the unusual conditions under which 
these dredges were built were so fraught with factors 
not found in a more consistent time and granting the 
distortion of some of the ordinary control!^ features of 
such construction still certain conclusions are obvious 
from this experience. 

The day of riveted hulls is passing as surely as the 
trade of the blacksmith or the hour of the old broad ax 
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man who hewed the timbers of the early American sail¬ 
ing ships, for the same reason that all good practice 
eventu^y yields to better especially in this country 
where ingenuity is more quickly capitalized than any¬ 
where else in this mechanized world. 

It is only a short time since the first all-welded hull of 
a seagoing ship was produced and reams were written 
of it. Years of performance may not be behind such a 
hull but certainly sufficient concrete evidence is at hand 
to convince some of the old riveters themselves. The 
desirability of welding forces itself upon you as the ac¬ 
cepted ultimate in this class of construction and is con¬ 
ceded from the limited comparative observations made 
in the production of the Hains and Hoffman. 

One of the chief lessons learned is that, in the period of 
transition from riveting to welding these two brothers 
of the art of hull building can go hand in hand for a time 
but as the newer meth^s of welding are adopted and 
adapted there will come a natural parting of the ways. 
Both are doing their part under stress of war production, 
and either could do the job in time—and about the same 
time at that due to war restrictions. 

It is not, in the opinion of this observer, advisable to 
make a practice of mixing these two methods except 
where necessity dictates, even though in this case it 
justified itself. Decisions of combinations of effort must 
be made at times like these in each separate case and re¬ 
sults obtained with what is at hand. 

When events so shape themselves and choice can be 
made the episode of the Hains and Hoffman will point 
ahead definitely to wdding starting as an accepted and 
approved method at the design board with that in mind, 
and following through step by step to the digging of the 
first load—and further for maintenance is simplified in 
many, many ways because of welding design and con¬ 
struction. 

Our vote is for a completely welded job next time—war 
permitting. 

1. Proportionate cost in per cent per complete unit 
or part of product or structure produced by arc welding 
and treated in the paper, over that produced by the 
previous method. 

The kind of contract xmder which these two boats 
are building is a participating contract, wherein a fixed 
limiting price is agreed upon and costs are kept with a 
predetermined overhead per cent. If a saving under 
the fixed cost is effected, a portion of the saving becomes 
additional profit to the contractor and a portion becomes 
added savings to the government. Since this i» the 
first instance in which a dredge of this type has been 
welded in part and no previous records are available of 
work of this nature being done in this manner, concise 
figures are not p>ossible until after final completion and 
tabulation of data. 

The proportionate cost of the arc-welded portion of 
the Hains to the completed structure is estimated how¬ 
ever as slightly over 50% of the total. 

In the past 10 yr. few seagoing hopper dredges have 
been built by the government, the only agency building 
and operating them in this country. 

This constitutes the first instance of a seagoing hopper 
dredge hull being welded even in part. 

A building program involving a niunber of dredges in 
the 3 sizes of standardization (700 cu. yd.—3000 cu. 
yd.—5000 cu. yd.) has been proposed but more urgent 
war construction has not as yet made it possible. If 
any are built immediately the question of whether the 
hull will be riveted or welded will be determined by the 
availability of shipyard facilities irrespective of wdding 
methods as an emergency measure. 


If built after the emergency when facilities and pro¬ 
curement are more normal the trend is definitely toward 
welding for all future hulls of this type. 

2. Estimated total annual cost saving occuring from; 

(а) Use of arc welding by the company with which the 

author is connected p producing all products 
or structures of the type treated in this paper. 

(б) Use of arc welding by industry, in gene^, in 

products or structiu'es of the type treated in the 
paper. 

(a) The U. S. Engineer Department was one of the 
earlier advocates of "electric” welding, so-called, when 
first introduced. This use included work all the way 
from thickening boiler sheets to steel pontoons and barge 
repairs and new construction. Gradually small boats 
and larger barges were included and numerous machinery 
repairs—especially dred^ng pump and impellers. 

The Hains and the Hoffman, however, are the only 
two seagoing hopper dredges in which welding has played 
a part. It is expected o^ers will follow when priorities 
permit. 

(5) Since the U. S. Engineers are practically the only 
designers, builders and operators of seagoing hopper 
dredges the industry, in general, and the dredging con¬ 
tractors are not using welding in exactly the same or 
comparable fields. Contractors of dredging have con¬ 
fined their efforts to other types of dredges—principally 
pipe-line suction dredges. Many of the most recently 
built hulls for these contractor dredges have been welded 
throughout—probably 75% of them. 

The estimated savi^ in weights of metal on new con¬ 
structions is 12 to 15%. Maintenance cost annually is 
approximately 10%. 

If the question of hulls of freight and passenger ships, 
which have a less strenuous life, are considered, the early 
future will, without a doubt, disclose extensive savings 
in the hull maintenance over riveted construction and an 
even greater saving in a seagoing hopper dredge where the 
continual and sudden changing of load stresses in the 
hull as the hoppers are discharged have in the past neces¬ 
sitated reriveting, particularly in the midship section. 

3. Increased service life, efficiency and social ad¬ 
vantages occurring from: the use of arc welding in pro¬ 
ducing all products or structures of the type treated in 
the paper. 

As set forth above the use of arc welding on the build¬ 
ing of a seagoing hopper dredge is an innovation. By the 
inherent nature of these great excavating machines se¬ 
vere strains and wear faU on the central section of the 
dredge. A heavy load of mud or sand is pumped aboard 
the hoppers and when the hopper gates are opened, the 
load is quickly discharged. 

The hoppers must be tight or leaks will develop into 
the bilges of the dredge. Such leaks reduce carrying 
capacity tmtil made tight in dry docks at a large expense. 
This is a costly operation when loss of dredging time is 
taken into consideration. Rivets work loose in the older 
riveted dredges and something must be done about it 
—hopper plates wear and must be built up or replaced. 
Welding has increased service life and efficiency by weld¬ 
ing up the old riveted hoppers and over laying worn plates. 
Not only that but welding has made possible overlajring 
the places that wear most with special hard metal, and 
here again additional service life is added. 

Time saved from repair lay ups on a dredge run quickly 
into money when you consider the larger standardized 
seagoing hopper dredge costs one dollar a minute to be 
idle and a single load missed means over 5000 cu, yd. 
of material imdug. The stakes are high and welding is a 
real factor in keeping them operating. 
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War shortages crop up in strange ma- 
* terials. Mica, for instance. Once seen 
principally in the windows of stoves, 
and in small boys’ pockets, it is now 
used extensively as electrical insula¬ 
tion. In some war products, it is vir¬ 
tually indispensable: capacitors for 
radio, spark-plugs for airplane engines, 
insulators in electronic tubes. 

With demand mounting, manufac¬ 
turers were desperate. A four-man 


technical mission flew to London to 
help ration the world’s supply between 
the United States and Great Britain. 
The shortage was serious. 

The War Production Board, con¬ 
vinced that much mica was classified 
too low when judged by appearance 
alone, asked Bell Telephone Labora¬ 
tories to develop a new method of elec¬ 
trical tests. The Laboratories were able 
to do this quickly and successfully 


because of their basic knowledge and 
experience in this field. 

The new tests were made available 
to manufacturers in this country and 
abroad^the supply of usable mica was 
increased 6o% — and a difficult situa¬ 
tion relieved. 

Skill to do this and other war jobs 
is at hand in Bell Laboratories because, 
year after year, the Laboratories have 
been at work for the Bell System. 


BELL TELEPHONE LABORATORIES 



Exploring and Invniing, davlting and porfacUng tor our Armod Fortot at war and tor coniinuod improvomonU and •cenemwi in toiophono mrvko. 
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© Arc-Weld Glare is treacherous. 

Like a Tojo, it attacks where it knows 
welders are unprotected. It seems so unim¬ 
portant—until the welders’ eyes begin to 
hurt. Back of that pain may be damaged 
optic nerves. 

You can’t buy new eyes, but you can 
beat back Arc-Weld Glare with Cesco 
safety equipment. 

Beneath protective Cesco helmets, wise 
welders wear Cesco flash goggles equipped 
with antiglare lenses. That’s their reliable 
defense against Arc-Weld Glare. 


HOW TO SELECT 
INDUSTRIAL 
HEAD AND EYE 
PROTECTION 


Before you buy sofefy equipment, see CESCO'S 

new 48 -pa 0 e catalog. It's the standard for 
quality... write for your copy today. 


f./iVn\n CHICAGO EYE SHIELD CO. 

C/E 8 CIO 2332 Warren ftoulqvard • Chicago 12, IMineit 
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A TYPICAL STORY OF G-R'S ON THE JOB... 


"Higher Production - Better Welds - Lower Costs” 

• Early in 1940, Weld-Rite Welding Works put their first G-R Model 45 to work on 


In the following four years, Weld-Rite bought four 
more G-R's—convincing proof that G-R’s deliver the 
kind of results you want in a welderl 


There's o G-R model to fit every requirement; sizes range 
from the 10-100 amp. Model 10 to the 2,500 amp. Model 
85. See your 6-R distributor ... or write us for literature 
and details on the welder that gives you a. c. at its bestf 


H«<iv)r fvrlM- 9 «n«rotor ore 0«R w«ld«4 In 

10 to 19 hourf at Wold«llito, and ther# aro plonty 
of weld* that don't chow here! 




Diesel engine bases (shown above). This pioneer western welding concern quickly noticed 
that production time went down; with magnetic blow eliminated and the hazard of 
undercutting reduced, inside fillets and "tight corner" welds went on smooth and fast. 
And G-R*$ smooth, stable, all-position arc resulted 
in better quality, better looking welds that kept 
customers happy and spoilage low. 
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AMERICAN WELDING SOCIETY 

ACTIVITIES BELATED EVENTS 


NOMINATING COMMTTFEE 

With the approval of the Board of 
Directors the President has appointed the 
following members to constitute the 
1944-45 Nominating Committee: 

D. Amott, Chairman, American Bureau 
of Shipping, New York, N. Y. 

E. C. Brekelbaum, Hamischfeger Corp., 
W. Milwaukee, Wis. 

J. C. Gowing, Owner. Los Angeles. 
CaUf. 

Milton Male, U. S. Steel Corp., Pitts¬ 
burgh, Pa. 

A. G. Oehler, Simmons-Boardmao Pub¬ 
lishing Co., New York, N. Y. 

R. H. Taylor, The Electroloy Co., 
Inc., Bridgeport, Conn. 

W. L. Warner, Watertown Arsenal, 
Watertown, Mass. 

The By-Laws require that these names 
be published in the Journal on or before 
March 1st. The Committee is required 
to deliver to the Secretary in writing on 
or before the 10th day of May, the names 
of its nominees for the various elected 
offices next falling vacant, together with 
the written acceptance of each nominee. 

The purpose of publishing the names 
of the Nominating Committee in the 
Journal is to provide every member with 
an opportunity to make suggestions to the 
Nominating Committee. To be effective 
it is essential that these suggestions be 
sent in at once as. naturally, the Nominat¬ 
ing Committee will be required to hold 
early meetings in order to fulfill its duties 
as required by the By-Laws. 

The offices to be ^ed are: President, 
First Vice-President, Second Vice-Presi¬ 
dent (all for a term of 1 year) and four 
Directors (for a term of 3 years). Present 
incumbents of the offices of President and 
Second Vice-President are eligible for a 
second term. Present incumbent for the 
office of First Vice-President is not eligible 
for re-election to the same office, having 
served for a second term. The incum¬ 
bents for Directors-at-Large are not 
eligible for re-election, according to the 
revised By-Laws, Article VIII, Section 7, 
which states that Directors shall not be 
eligible for re-election to the same office 
until at least one full term of 3 years shall 
have elapsed after the end of their respec¬ 
tive terms. Although not yet adopted, 
it is expected the complete revision of the 
By-Laws will be consmnmated before the 
time of the annual election. The Direc¬ 
tors-at-Large are selected by the Nominat¬ 
ing Committee, with due consideration to 
geographic distribution. 

Present officers whose terms expire next 
October are: President, A, C. Weigel; 
1st Vice-President, I. Harter; 2nd Vice- 
President, W. F. Hess. Directors: H. C. 


Boardman, J. H. Critchett, E. V. David, 
R. S. Donald. 


BOARD OF DIRECTORS MECTING 

A meeting of the Board of Directors 
of the American Welding Soobty was 
held in the Board of Directors’ Room, 
A.S.C.E., 29 West 39th St., New York, 
on December 15, 1944. 

The meeting was called to order by 
President Weigel at 10:15 A.M., with the 
following present: H. C. Boardman, R. 
W. Clark, J. H. Critchett, E. V, David, 

G. N. Bull, representing J. F. Lincola, 
J. H. Depprier, O. B. J. Fraser, I. Harter, 
W. F. Hess, H. W. Lawson, J. F. Maine, 

H. W. Pierce and H. M. Priest. 

By Invitation: H. O. Hill, Chairman, 
Outline of Work Committee and Past 
Chairman, By-Laws Committee. 

Members of Staff: W. Spraragen, 

Editor; S. A. Greenberg, Acting Technical 
Secretary; and M. M. Kelly, Secretary. 

Approval of Committee Personnel 

On recommendation of the President 
and with the approval of the Chairmen ot 
the Committees concerned, the following 
changes in the personnel of our standing 
committees were approved: 

Addition.—Committee on Admissions: 
George Schneider, Acetylene & Welding 
Equipment Co., Brooklyn, N. Y. 

Replacements.—Program Committee: D. 
E. Roberts, The Linde Air Products Co., 
New York City, replacing A. 'B. Kinzel 
of same organization. Convention Com¬ 
mittee: J. L. Stover (Secretary, Publicity 
Committee), replacing C. J. McDonough, 
(Chairman of same Committee who was 
named for membership on the Convention 
Committee because of his office on Pub¬ 
licity Committee). Manufacturers Com¬ 
mittee: C. T. Price, National Cylinder 
Gas Co., Chicago, Ill., replacing L. W. 
Smith of same company. Membership 
Committee: H. P. Etter, Air Reduction 
Sales Co., Los Angeles, Calif., replacing 
J. W. Lucas, Southwest Welding & Mfg. 
Co., Alhambra, Calif. Mr. Lucas de¬ 
clined, and Los Angeles Section proposed 
Mr. Etter as substitute. 

Revised Edition A.W.S. By-Laws and Rul¬ 
ings of Board of Directors 
Before calling for a preseutation of this 
report, Mr. Weigel reminded the Board 
of the considerable amotmt of time and 
effort that bad been spent by the former 
Chairman of the By-Laws Committee 
and the other members of bis Committee 
in the preparation of a revised edition of 
the By-Laws which would eliminate am- 
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biguities and conflicting provisions, and in 
submitting this revised document to the 
Directors and the Section Advisory Com¬ 
mittee in advance of this meeting for 
study, with request for comments, it was 
the hope that the outcome of the discus¬ 
sion at this meeting would make possible 
publkatiott (in the 1946 Year Book) of a 
set of By-Laws that would be in conform¬ 
ity with good practice. 

Upon motion, duly seconded, it was 
voted that the revised edition of the By- 
Laws prepared by the By-Laws Committee 
and as amended at this meeting, be ap¬ 
proved, and published in The Welding 
Journal 30 days in advance of its sub¬ 
mittal to the voting membership for 
adoption. 

Finances 

Report of Financial Operations for the 
Fiscal Year Ended September 30, 1944.— 
The Treasurer reported that the year just 
ended was the most prosperous in the his¬ 
tory of the Society. largely attributable 
to jrield of dues from increased member¬ 
ship, increased Journal advertising and 
subscriptions, and lower figures for several 
items of expense than were expected at 
the start of the year. Our net worth was 
5% better than at the close of the previous 
year. The considerably larger excess of 
income over expense this yesu* as com¬ 
pared with a year ago made it possible 
to underwrite completely the cost of re¬ 
tirement pension annuities for four mem¬ 
bers of headquarters staff who have been 
with the Society the longest. 

Budget for Fiscal Year Commencing 
October 1944. —The proposed budget and 
accompanying explanatory letter, sub¬ 
mitted by the Treasurer to the Directors 
imder date of December 8th and read by 
the Treasurer at this meeting, were dis¬ 
cussed and approved. 

Metal Congress and Exposition 

Mr. David reported as follows on the 
status of the 1945 National Metal Con¬ 
gress and Exposition: 

Selection of location of the 1945 Na¬ 
tional Metal Exposition remains un¬ 
settled. Under date of December 9th, 
Mr. Eisenman reported that communica¬ 
tions have been received from societies 
that participated in the 1944 Exposition, 
indicating a desire to participate in the 
1945 Show. 

The situation relative to possible con¬ 
vention cities is quite complicated because 
of two factors: (1) unwillingness of the 
hotels to make any targe commitments of 
rooms for the Congress; (2) absence or 
improbability ^of a building to house the 
Exposition. 
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ESSENTIAL PRODUCTS .. .TRU-LAV Aireroft,Aotomofive, and Induitrlal Controls,TRU-LOC Aircraft Terminals,AMERICAN CABLE Wire Rope, 
TRU-STOP Brakes, AMERICAN Choin. WEED Tire Chains, ACCO Malleable Costings, CAMPBELL Cutting Machines, FORD Hoists, Troileys/ 
HAZARD Wire Rope, MANLEY Auto Service Equipment, MARYLAND Bolts and Nuts, OWEN Springs, PAGE Fence, Shaped Wire, 
Welding Wire, READING-PRATT & CADY Valves, READING Steel Costings. WRIGHT Hoists, Crones . . . In BuSMCSS jor Your Safety 


ELECTRODES 


M aking electrodes is 
highly technical work. 
Analysis of the wire—type, thick¬ 
ness, hardness and concentricity of 
the coating—all chemical and physi¬ 
cal characteristics must be held to 
close tolerances to insure uniform 
welds and satisfactory pro<liietion. 

To you, the very fact that page 
WELDING ELECTRODES have been hard to 
get is proof that they measure up to 
the highest standards. Here's why: 
PAGE has been turning out a bigger 
tonnage of electrodes than ever before 
in PAGE history. And they have a/Z been 
used on work that had to pass the 
closest scrutiny of Army, Navy and 
Air Corps inspectors. They have had 
to be good! 

As more and more of page’s volume 
begins to flow into civilian manufac¬ 
turing, it will become evident that 
PAGE is making even better welding 
electrodes—of all types—than ever 
before. That’s why it will pay you to 
get in touch with pag e. 


Ask the local page distributor about 
PAGE Hi-Tensile "C” Electrodes—as 
well as the complete range of page- 
Allegheny Stainless Steel Electrodes. 


PAGE STEEL AND WIRE DIVISION 

Menessen, Pa., Atlanta, Chicago, Denver, Los Angelet, New York, Pittsburgh, Portlond, San Francisco 

AMERICAN CHAIN & CABLE COMPANY, INC. 

BRIDGEPORT • CONNECTICUT 
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COMPLETE SPOT 
AND PULSATION 
CONTROL INCLUDES 
“POST-HEAT” 

The new Weltrooic Model 
86 Welder Control makes 
available for the first time 
in one cabinet complete 
controls for selective opera* 
tion of either spot or pulsa¬ 
tion welding, with or with- 
out post weld heat treatment. 
Compact "package” unit de¬ 
sign incorporating a highljr 
versatile timer, pulsation 
counter, dual heat control 
and universal contactor elim¬ 
inates the necessity for inter- 
unit wiring and phasing. 

Timer provides independ¬ 
ent, wide range, accurately 
calibrated dial adjustment 
of Squeeze, Hea4 Cool, 
Chill, Anneal, Hold and 
Off times—plus a pulsation 
counter. E>ual phase-shift 
heat control permits sepa¬ 
rate stepless, automatic con¬ 
trol of weld and temper 
heats plus independently 
adjustable weld and anneal 
intervals. Universal tube 
contactor accommodates all 
size ignitrons from A to D. 
'^Exclusive Weltronic cir¬ 
cuits requiring fewer, less 
expensive tubes insure a 
minimum of maintenance in 
addition to providing a high 
degree of operational flexi¬ 
bility. 


Ask for 
bulletin 
No. 
WT 86 


COMPANY 

^VDITROIT 19, MICH. 




Proposal for staggering the meetings of 
A.W.S. and A.S.M. so that the smaller 
number of rooms available, when ex¬ 
tended over a two-week period, would 
equal the room requirements for a one- 
week period with a metals show of suf¬ 
ficient duration to overlap the two Socie¬ 
ties’ meetings was discussed by Mr. Eisen- 
man with us and also with Mining Engi¬ 
neers and it seemed to be the solution for 
relieving the housing situation. The 
situation on the only two prospective 
convention cities is as follows: 

Philadelphia —has offered to allocate 
3000 rooms in the three inincipal down¬ 
town hotels for the week of October Ifith, 
and the same number of rooms for the 
week of October 22nd when the A.W.S. 
would come in. Convention Hall in 
Philadelphia, including the arena, exhibit 
hall and Commercial Museum may be 
available. 

Cleveland —Mr. Eisemnan has an option 
on the exhibit facilities of the Cleveland 
Public Auditorium for the third full week 
in October. Also, options on the com¬ 
plete facilities of Cleveland hotels for 
both the week of the 15tb and the 22nd. 
If the entire facilities of Cleveland are 
made available for the full two weeks 
and the meetings are staggered, be believes 
that satisfactory conditions might be 
worked out. 

Mr. Eisenman has, therefore, made 
recommendations to hb Board of Trustees 
that if the Philadelphia Hall becomes 
available and the stagger system b put 
into effect, Philadelphia be designated as 
convention city. If the Philadelphia 
Convention Hall does not become avail¬ 
able previous to the time when it becomes 
necessary to send out floor plans, he has 
recommended that the Board consider 
seriously holding the Show in Cleveland 
using the stagger system for the meetings 
of technical societies. Hb Board of 
Directors acted favorably on hb sugges¬ 
tion of the stagger system and also upon 
selection of Philadelphia as a first choice 
and Cleveland as a second choice. 

I It was the general feeling that the 
stagger system proposed for 1946 b the 
immediate step, and the results of thb 
venture will prove valttable to the Manu¬ 
facturers Committee in determining the 
necessity or desirability of A.W.S. bolding 
a separate welding show. 

Recommendations of the Outline of Work 
Committee 

The following proposab offered by the 
Outline of Work Committee for considera¬ 
tion and the actions taken thereon are 
recorded below: 

(a) Revision of Rules to Govern Tech- 
ni^ Committees on Recommendation of 
Outline of Work Committee .—It was, 
upon motion, duly seconded, voted to 
add to rules governing technical commit¬ 
tees the following section: 

"14. A technical committee may 
recommend to the Technical Activities 
Committee, or the Technical Activities 
Committee may recommend to a technical 
committee, the reorganization of per¬ 
sonnel of that technical committee when 
such action seems necessary for the proper 
functioning of the technical committee- 

THE WEIiDINO JOURNAL 


Such prop o s e d plan of reorganization shall 
be approved by the Technical Activities 
Committee bdore any action toward r^ 
organization b undertaken.” 

(&) A.W.S. Representaiwe on Sub^ 
committee II —i4.5.r.M. CommitUe A-l— 
Structural Steel for Bridies and BuUdinp. 
—It was voted to designate Mr. C. E. 
Loos, Camegie-IUinob Steel Carp., to 
rep r e sen t the A.W.S. on Subcmnmittee II 
—A.S.T.M. Committee A-l—Structural 
Steel for Bridges and Buildings, with the 
understanding that approval of thb ap¬ 
pointment by the Chairman of A.S.T.M. 
b to be obtained. 

(c) AppoisUment of A.W.S. Automotioe 
Weldini Committee .—It was voted to ap¬ 
prove recommendation of the Outline of 
Work Committee for the appointment of 
an A.W.S. Automotive Welding Commit¬ 
tee, with scope and personnel as outlined 
briow. 

Scope: Because of the many produc¬ 
tion conditions peculiar to the automotive 
type of fabrication, a great many prob¬ 
lems have arisen in the use of welding as a 
fabricating process in thb industry that 
are not satisfied by the material avail¬ 
able through A.W.S. today. Therefore, 
it b firmly believed that an A.W.S. Auto¬ 
motive committee would prove a very 
valuable beuefit to thb industry as well 
as the Ambucan Wbldino Socibty. 

The purpose of thb committee shall be 
to bring together into one group rq>re- 
sentatives of the automotive manufactur¬ 
ing industry including their supplier that 
are using welding processes in their pro¬ 
duction fabrication in order to bring a 
concerted effort toward the solution of the 
welding problems peculiar to thb industry. 
Thb committee would act on such prob¬ 
lems by either delegating subcommittees 
for their solution or by referring them 
to the proper A.W.S. committee already 
in exbtence. Thb committee would be 
active in establbhing standards on all 
fusion and resbtance welding procedures 
related to sheet metal fabrication. Other 
functions of thb committee would be to 
permit free exchange of ideas within thb 
group and act as a means of seeing that 
worth-while ideas are given to the rest of 
the industries through A.W.S. 

Representation on thb committee shall 
be as follows: At least one representa¬ 
tive of each of the larger automobile 
organizations, a representative from each 
of the independent automotive manufac¬ 
turers, and representatives of those sub¬ 
contracting fabricators who supply the 
automobile industry with aiH>rectable 
quantities of weld^ assemblies. Such 
representation would constitute a commit¬ 
tee of about 40 members. An executive 
committee composed of the chairmen 
the various subcommittees on projects, 
no two of which would be from the same 
organization. The chairman of the execu¬ 
tive committee would also function as that 
of the committee as a whole. 

Personnel: J. M. Diebold, Temporary 
Chairman, General Motors Corp.; C. D. 
Evans, Vice-Chairman, International Har¬ 
vester Co.; S. A. Greenberg, Secretary. 

Executive Subcommittee: J. M. Die¬ 

bold, Temporary Chairman, C^eral Mo¬ 
tors Corp.; L. Boelter, Ford Motor Co.; 
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LOOK, MRm KBTTCRiNG, how recourse to “Fleetweld” elec¬ 
trodes helps assure a successful future for arc welded products 


. • . the standard of quatity 
and economy is constantly 
improved 


W ORLD-WIDE contacts, made by 
skilled Lincoln engineers, provide a 
constant flow of suggestions for continuous 
improvement of “Fleetweld” electrodes. 
Lincoln research men translate these field- 
bom ideas into (1) faster and faster weld¬ 
ing, (2) higher and higher weld quality and 
(3) lower and lower cost. THREE DOTS 
on each “Fleetweld” electrode enable you 
to know you have the genuine article . . . 
the world’s standard of arc welding qual¬ 
ity and economy. 


Complete details and proced¬ 
ures for six ^ypes of “Fleetweld" 
and for 32 other Lincoln elec¬ 
trodes are given in the “Wel- 
directory” Free on request. 


THE LINCOLN ELECTRIC COMPANY 
Clevelond 1, Ohio 


LINCOLN ta. ^ 


dme^uixii} reconi^ 








ARC WELDIXG 
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W. E. Crawford, A. O. Smith Corp.; 
C. D. Evans, International Harvester Co.; 
Harold Sparks, Chrysler Corp. 

Main Committee: Briggs Body Corp., 
Edward G- Budd Manufacturing Co., 
Chrysler Corp., Diamond T Truck Co., 
Firestone Tire and Rubber Co., Ford 
Motor Co., Freuhauff Trailer Co., General 
Motors Corp., Hayes Body Co., Hudson 
Motor Co., International Harvester Co., 
Kelsey Hayes Corp., Mack Truck, Motor 
Wheel Co., Midland Steel Corp., Mullins 
Co., Murray Corp., Nash Kelvinator Co., 
Noblitt Sparks Co., Packard Motor Co., 
A. O. Smith Corp., Studebaker Co., 
Timken-Detroit Axle Co.. White Motor 
Co., Willys Overland Co., Walker Michi¬ 
gan Co., Wheeling Steel Corp., L. A. 
Young Spring & Wire Corp. 

(There are several others who are con¬ 
sidered distinct possibilities as members of 
this committee, but it is believed that the 
membership listed above is as large as is 
really desirable at this time; and while 
this committee should represent this field 
of industry fairly, it should not become too 
ponderous or it will lose its value.) 

(d) Appointment of A.W.S. Committee 
on Brazing .—It was voted that the report 
of the Investigating Committee on Brazing 
be accepted and the A.W.S. Committee on 
Brazing be organized with scope and per¬ 
sonnel given bdow. 

Scope: The Committee on Brazing 

shall be concerned with the establishment 
of standards and recommended practices 
for the various brazing processes. These 
activities would include data on design. 


fabrication practices, inspection practices 
and test methods, definitions and sym¬ 
bols, as required for the various applica¬ 
tions of these brazing processes. 

Personnel:* Temporary Chairman, C. 
E. Johnson or J. R. Wirt (if Mr. Johnson 
declines); S. A. Greenberg, Acting Secre¬ 
tary. (Producers) American Brass Co. 
(I. T. Hook or Chas. Davis), Chase Brass 
Co. (J. J. Vreeland), Aluminum Co. of 
America (G. O. Hoglund), Handy & Har¬ 
man (R. H. Leach), Linde Air Products 
Co., Air Reduction Sales Co., Eutectic 
Welding Alloys Co., 2 or 3 additional 
producers of heavy, brazing alloys. 
(Consumers) Bureau of Ships, General 
Electric Co., G. M. C. Frigidaire Co. (Geo. 
Xx)ng), Federal Shipbldg. Corp., Carrier 
Corp., AUis-Cbalmers Mfg. Co., Bell Air¬ 
craft, Consolidated-Vultee Aircnrit, West- 
inghouse Elec. & Mfg. Co. (A. K. Phillips), 
Scaife Company (C. E. Johnson), Bell 
Telephone Labs., Delco Remy Division, 
General Motors Co. (J. R. Wirt). 

(e) Change in Name Committee on 
Outline of Work .—With the understanding 
that the Technical Activities Committee 
will be concerned only with the planning 
and development of welding codes, stand¬ 
ards, procedures and practices, it was, 
upon motion, duly seconded, voted to ac¬ 
cept recommendation of the Committee 
on Outline of Work that the name of this 
Committee be changed to Technical Activi¬ 
ties Committee. 

* Nsmes shown in pArentheses following com¬ 
panies listed are suggested representatives. 


Mr. HiH further reported, as a matter 
of information, that Mr. C. H. Jennings 
had been elected Vice-Chairman of the 
Technical Activities Committee for a term 
ending October 1945, to fill vacancy caused 
by the elevation of Mr. H. O- Hill to the 
Chairmanship. 

He further reported that an Executive 
Subcommittee, comprising of Messrs. 
H. O. Hill, Chairman, S. A. Green b erg. 
Secretary, O. B. J. Fraser, T. R. Higgins, 
C. H. Jennings, H. W Pierce and Wilson 
Scott, has been appointed to act in an 
advisory capacity to the Technical Activi¬ 
ties Committee in reviewing and guiding 
the Technical Committee activities in the 
periods between regular meetings of the 
Technical Activities Committee. 

Appointment 1945 National Nominating 

Committee 

In accordance with Article XII, Section 
7 (revised edition) of A.W.S. By-Laws, 
which requires publication of personnel of 
Nominating Committee in Tub Welding 
Journal on or before March 1st, the 
President offered for approval personnel 
named below; D. Arnott, Chairman, 
New York, N. Y.; E. C. Brekelbaum, 
Milwaukee. Wis.; J. C. Gowing, Los 
Angeles, C^if.; Milton Male, Pittsburgh, 
Pa.; A. G. Oehler, New York City; 
R. H. Taylor, Bridgeport, Conn.; W. L. 
Warner, Watertown, Mass. 

It was voted to approve recommenda¬ 
tions of the President for personnel of the 
1945 Nominating Committee as listed 
above. 




snAss MAKES BULLETS 

RE^O Gas Plant Equipment to be 
safe, must be made of brass and 

other critical metals. 
Conserve your equipment. 
You may not get more. 


^astian-Blessinip 

*4241 W. PETERSON AVE. CHICAGO 

Pioneers and Manufacturers of Precision Equipment for' 
Using and Controlling High Pressure Gases 


Best for AC General Purpose 

DUCTONE AC 

(E6011 AND E6013) 

WELDING RODS 


Dvclpn* AC •Itctredet or* availoble 
again. This is Ih* famous wolding 
rhat was dosignod and manufocturod 
esptcially for AC wolding. DUCTONE 
AC rods ossuro low cost of oporotion. 
Thty havo e high dopositien ralo ond 
aro noted for their ease in striking and 
maintaining an ore. SmoH sites are 
good for thin shoot metal. Excellent for 
vortical and overhead welding on DC 
positive polarity. Extruded in all sizes 
from 1/16” to 1/4”. 

Territories Available 
for Distributors 
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Theflnol stagesof mangfacture of X-ray 
and other electronic tubes must include 
thorough "outgossing" to remove gases 
held within the metal tube parts, os well 
as the gas inside the glass envelope. 
This has customarily been done in three 
separate operations, and it was con¬ 
sidered inevitable for two-thirds of the 
equipment to be idle while one-third 
was in operation. Machlett felt that this 
produced highly undesirable effects on 
output, costs, and on tube quality. 

So we developed o unique produc¬ 
tion line. The tubes are sealed on a 
high-vacuum pump which is mounted on 
a dolly, and thuscan be wheeled through 
each operation, while pumping continues 
steadily. The dolly goes first to a baking 
oven (shown above); then to a station in 
which the tube elements are heated red 

1945 


hot by induction; finally they are bom¬ 
barded repeatedly at 70,000 volts. 
This is about 10 times the usual voltage, 
and not only reduces the time required 
in o later seasoning process, but assures 
much better tubes. 

The system approximately triples the 
output of the equipment. That alone was 
invaluoble in meeting tremendous war 
orders. But we also believe that it pro¬ 
duces tubes with less residual gas and 
hence improved operation and longer 
life. When buying X-ray tubes for 
medical, dental, scientific or industrial 
purposes, or radio tubes for communi¬ 
cations or industry, remember this 
Machlett technique which makes pos¬ 
sible the production of the tube shown 
above ... Machlett Laboratories, Inc, 
Springdale, Connecticut. 
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Employment 
Service Bulletin 

SERVICES AVAILABLE 

A-492. Three years’ experience as an 
Arc Welder. Attending school studying 
Gas Welding. Would like connection 
with job shop doing all position welding. 
New York or vicinity. 

A-493. Welding Engineer. Experience 
in instructing, engineering, supervision 
and service. Technical knowledge and 
practical experience in the application of 
Lincolnweld and Unionmelt Automatic, 
Atomic-Hydrogen, Oxyacetylene Pressure 
Welding, Metallic Arc, Carbon Arc, 
Oxyacetylene and Oxy-hydrogen Welding; 
also flame cutting, gouging and scarfing. 
Young, intelligent, aggressive. 

POSmON VACANT 

V-163. Welding Foreman. Man ex¬ 
perienced in gas and atomic hydrogen 
welding of stainless steel. Applicant 
must be capable of assuming full super¬ 
vision and have the ability to instruct 
welder trainees. 


3000TH MILE 07 INVASION TUBING 

The two plants of the Babcock & Wilcox 
Co. in Alliance, O.. have started produc¬ 
tion on their three-thousandth mile of 


welded invasion tubing used to pipe oil and 
other necessary fuels to the front, it was 
announced on December 28 by oificiab of 
the company. The two mills have pro¬ 
duced a substantial portion of the 
country’s total output of 4-in. (outside 
diameter) tubes for invasion pipe lines. 
A single welding unit in one plant pro¬ 
duces between 10 and 12 miles a day of the 
tubing, and capacity production is be¬ 
tween 20 and 25 miles a day. 

The pipe is made in lengths of 20 ft.. 
4 in. in diameter, of 14-gage low-carbon 
steel. The thickness is only slightly more 
than that of an automobile fender. 
Weighing 67 lb., the tubes are light enough 
for a single man to handle, allowing quick 
action in the field. Three squads of men 
can lay between 70 to 80 miles of tubing a 
day. 

The lengths are joined together in the 
field by means of a standard coupling 
device and a rubber gasket. The grooved 
ends of two joints of the tubes are con¬ 
nected and gathered, then the bolts in 
the coupling tightened, and another length 
of the line to victory has been laid. This 
operation repeated on 284 lengths com¬ 
pletes a mile. 

These pipe Unes have played an im¬ 
portant part in the Sicilian, North African 
and Normandy invasion campaigns. No 
longer is the old adage true about an 
army traveling on its stomach. Today it 
travels by means of these steel arteries 
which convey the necessary fluids of 
mechanized warfare. One petroleum pipe 
line carries enough fuel to free 250 trucks 


for other purposes. Unlike a truck con¬ 
voy, the pipe line makes such a poor bomb¬ 
ing target that a 100-lb. bomb must strike 
within a few feet to be effective. One 
such pipe line requires only one-tenth the 
manpower needed for tanker-truck trans¬ 
port. 


PHILADELPHIA SECTION TO 
CELEBRATE SILVER ANNIVERSARY 
IN MARCH 1945 

Plans*are~being completed for a Dinner 
to mark the twenty-fifth anniversary of the 
first Section of the American Welding 
Society, it is announced by Mr. William 
H. Barnes, chairman of the committee in 
charge. The Dinner is to be held Monday 
evening. March 19th, at the Engineers’ 
Club in Philadelphia. Dr. C. A. Adams, 
first President of the Society and at pres¬ 
ent a member of the Philadelphia Section, 
Mr. A. C. Weigel, President, Mr. Isaac 
Harter, First Vice-President, Miss M. M. 
Kelly, National Secretary, and Mr. 
William Spraragen, Welding Journal 
Editor, will be among the honor^ guests. 
In addition to Mr. Barnes, Messrs. T. M. 
Jackson, J. W. Meadoweroft and R. D. 
Thomas are some of the founder members 
who will be on hand to welcome the mem¬ 
bers and guestsof the Section. It is hoped 
that former members now located in other 
parts of the country will, if possible, join 
in the celebration. 



• Yes, 85 million dollars is a staggering sum. Yet, it’s precisely the amount 
of cash you welders laid on the line last year for “bottled” acetylene gas. 
And if all of you had used the handy Sight Feed Generator you could have 
saved fully two-thirds of the expenditure — or over 56 million dollars. 
Last year’s opportunities are no more. But 1945 is ahead of you! Why not 
order your Sight Feed Acetylene Generator today and . . . economize in ’45. 

THE SIGHT FEED GENERATOR COMPANY 

Richmond, Indiorn • Foefory: W. Aloxondrio, Ohio 


"ECONOMIZE IN '45 ... WITH Si^ *peed" 
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^ElEKET’S 
NEW X-RAY UNIT 


1 


With X-ray you can check every inch of a weld 
and know it is right—or instantly spot any slag 
inclusion, porosity, lack of fusion or other im¬ 
perfection. As faults can be corrected only when 
they are known, and as the whole story is on 
the film, inspection by X-ray points the way to 
perfecting your welding technique. 

KELEKET —known the world over for in¬ 
stallations in many plants, large and small—has 
developed for Industry the simplest X-ray unit 
ever built, the KELEKET 250. Scores of X-ray 


users who visited the National Metal Congress 
were instantly impressed with its automatic con¬ 
trols, its safety signals. Manual steps have been 
reduced to a minimum—the machine does more, 
the operator does less. And it has plenty of power 
and penetration to cover the widest range of 
welding inspection requirements. 

X-ray need not interrupt your production 
flow. Consult a KELEKET sales engineer for the 
know-how of an X-ray department—or write 
Covington direct for full information- 
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AIR REDUCnON 

ANNOUNCES NEW APPOINTMENTS 

C. D'W. Gibson, Vice-President in 
Charge of Sales of Air Reduction, has an¬ 
nounced the following appointments ef¬ 
fective January 1, 1945. 

H. F. Henriques, formerly Sales Man¬ 
ager of the North Central Division, is ap¬ 
pointed General Sales Manager. J. J. 
Lincoln, formerly Sales Manager of the 
South Central Division, is appointed Di¬ 
rector of Sales Services. C. M. Bloodgood, 
who has been serving as Sales Manager of 
the Pacific Coast Division, is appointed 
Assistant to the Vice-President in Charge 
of Sales. 

All of the above new appointees will 
have offices at 60 East 42nd St., New York 
17, N. Y. 

H. P. Btter, heretofore Manager of the 
Los Angeles District of Air Reduction, is 
appointed Sales Manager of the Pacific 
Crast Division with headquarters in the 
Mills Tower Bldg., San Francisco. Calif. 


PRACTICAL DESIGN 
FOR ARC WELDING 

Practical Design jor Arc Welding, Vol. 2, 
by Robert E. Kinkead; 100 additional 
welding design plates, cloth bound, 8*/4 x 
llVi in-> published by The Hobart Broth¬ 
ers Co., Hobart Square, Troy 1, Ohio. 
Price per volume, S3.50. 

Taking up where the first volume left 
off, this second volume of Practical Design 


for Arc Welding presents 100 new and en¬ 
tirely different “idea stimulators” for use 
by designers, engineers and fabricators 
who are interested in making the most of 
welding equipment now on hand or to be 
installed. 

In selecting the 100 design ideas for this 
second book, Mr. Kiiikead has paid con¬ 
siderable attention to fabrication of tubu¬ 
lar members and connections. Many of 
these ideas will be found applicable both 
to piping installations and to tubular 
structural design. 

This second book merits the same en¬ 
thusiasm that is being accorded the first 
volume of this Design for Arc Welding 
series. (For those who do not have access 
to Vol. I, it, too, is available from The 
Hobart Brothers Co., Troy, Ohio, f3.50 per 
volume.) 


HIGH-SPEED MACHINE 
GAS CUTTING TIPS 

A new 12-page, four-color bulletin. No. 
ADG-2008, describing the Airco "45’' and 
'‘45M'’ high-speed machine gas cutting 
tips which control the expansion of cutting 
oxygen, has been published by Air Reduc¬ 
tion. 

Cross-sectional drawings and photo¬ 
graphs clearly show how the especially 
designed orifices in these tips release a 
high-velocity stream of oxygen to cut a 
narrower path or kerf than the standard 
cutting tips. Cutting steel plate of vari¬ 


ous thicknesses up to 8 in., both tips give 
the user better than a 20% increase in 
cutting speed with no increase in gas con¬ 
sumption per inch of cutting. Photo¬ 
graphs show how the newer "45M'' tip is 
designed for heavier preheat making it 
particularly adaptable for cutting rusty 
and sesJy plate, ^vel cutting, and cutting 
with hydrogen as a fuel gas. 

Other illustrations, including charts and 
tables, give valuable specifications data 
for both the '‘45’' and "45M’' tips. Cop¬ 
ies of bulletin ADG-2008 are available on 
request from Air Reduction Sales Com¬ 
pany, GO East 42nd St.. Ntw York 17, 
N. Y., or any local Airco office. 


BRAZING CARBDE TOOL TIPS 

Handy & Hannan, 82 Fulton St., New 
York have bsued a new Bulletin 11-A on 
the subject of Brazing Carbide Tool Tips 
with Easy-Flo No. 3, which has a flow 
print of 1270" F. 

A copy of this bulletin will be mailed to 
anyone upon request to the company. 

SHEET METAL—THEORY AND PRACTICK 
By John C. Buflar 

For sheet metal workers—a concise, 
practical, tested self-instruction guide 
giving methods of handling successfully: 
Tools and Machines; Material Allow¬ 
ances: Blueprint Reading; Soldering, 




CH AS, EISLER 
EI5LER ENGINEERING CO. 

779-SO. IS'b ST. N,,. AVO.s AVE NEWARK,3 N.J. 


We manufacture a complete line 
of resistance spot welders from 
to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 

TRANSFORMERS OF ALL TYPES 

WE INVITE CONTRACT SPOT WELDING 
IN LARGE OH SMALL QUANTITIES. 



ENGINEERING 

INFORMATION 


/-BETTER WELDING 


This New Engineering Bulletin contains iinpx)rtant technical 
Information that may save you time, labor and money on 
many welding jobs. Learn how to keep welding jigs free 
of spatter; how to save mill-scale cleaning time after nor* 
malixing; how to reduce fumes; etc. etc. Contains actual 
case histories and laboratory authenticated reports. Write 
lor your copy now. 

WBLOng fOFPLT DUTKIBUTOM AND SAUtMBN WAMTCD 


The MIDLAND PAINT & VARNISH CO. 

91U RENO AVENUE CLEVELAND I, OHIO 
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• Lepel Induction Healing Equipment — in the tool¬ 
room as in many leading tool manufacturing plants 
— removes the uncertainty from the operation of braz¬ 
ing tungsten carbide cutting tips. 

Automatically-controlled heating cycles insure 
uniform brazing and a uniformly sxure bond between 
the tip and the shank without danger of losses from 
overheating. 

Brazing alloys of any melting point can be irsed 
with equal assurance, permitting selection of the 
alloy best suited to the service requirements. 

Actual brazing time is cut to a matter of seconds. 

Heating coils for various tool sizes and shapes are 
instantaneously interchangeable and the same set- 
ps can also be used for removing worn tips without 
injury to either tip or shank. 

The operation is so simple and foolproof that any¬ 
one can do a good job every time. 

The same compact, easily-movable unit can also 
be used for heating for hardening, annealing, stress- 
relieving, forging, production brazing or soldering, 
and for melting all ferrous and non-ferrous metals. 


Write for complete information. 



LEPEL HIGH FREQUEHCY LABORATORIES, INC. 

MONitKS IN INDUatON HtATINO 

Generof Offices; 39 West 60th Street, New York 23, N. Y. 
Chiaigo 0Ae«; 320 Eott Ohio Stroot, Chlcogo 11, III. 
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Fluxes; Welded and Riveted Assembly, 
used in today’s Sheet Metal shop practice. 
Price $3.00. Published by John Wiley & 
Sons, Inc., 440 Fourth Ave., New York 16, 
N. Y. 


ARC WELDING 

Engineering and Production Control 

Sy Walter J. Brooking, R. G. LeTourneau, 
Inc. 

A manual of the arc*welding process as 
applied in manufacturing and fabrica¬ 
tion, drawing largely on typical industrial 
experience for a helpful blend of the shop 
skills and technical know-how required by 
operators, inspectors, engineers and others 
concerned with the use of the process. 
Discusses fully the significance of mater¬ 
ials, fixtures, engineering control, process 
planning and organization, and other 
factors, and shows how to analyze them as 
a basis for the effective application of arc 
welding to specific manufacturing prob¬ 
lems. Price $4.00. Published by Mc- 
Oraw-Hill Book Co., Inc., 330 West 42nd 
St., New York 18, N. Y. 


PULLMAN INC. BUYS M. W. KELLOGG 
CO., ENGINEERING FIRM 

Pullman Incorporated announced that 
it will acquire for cash, with price to be 
finally determined in accordance with con¬ 


ditions of the sale contract, the entire out¬ 
standing stock of The M. W. Kellogg Co. 
of Jersey City, N. J., for many years a 
leading firm in the field of petroleum and 
chemical engineering. 

The announcement, made jointly 
by D. A. Crawford, president of 
Pullman Incorporated, and M. W. 
Kellogg, president of the M. W. Kellogg 
Co., said, “the Kellogg Company will be 
operated as a separately incorporated 
member of the PullmaA group of compa¬ 
nies, with the present staff of officers and 
employees, and continuing as a special¬ 
ized research, manufacturing and engi¬ 
neering-construction company along the 
lines which have given Kellogg leadership 
in its field for more than a quarter of a 
centtiry.” 

It was also announced that M. W. 
Kellogg has been elected a member of the 
Board of Directcn^ of Pullman Incor¬ 
porated. 

“By acquisition of the Kellogg Com¬ 
pany,’’ the statement said, “the Pullman 
group will participate in more diversified 
lines of engineer-contracting, research and 
manufacturing activities than heretofcre, 
and it is expected that advantageous re¬ 
sults will be effected. From the point of 
view of the Kellogg Company the change 
is expected to open new opportunities for 
service to the oil-refining and other in¬ 
dustries through substantially expanded 
facilities made possible by increa^ re¬ 
sources. It also carries the prospect of 
expansion into other fields where these 
enlarged facilities may be applied.’’ 


TINNON PROMOTED 

The Metal and Thermit Corp. announces 
the election of John B. Tinnon and Walton 
S. Smith to the Board of Directors of the 
corporation. 



John B. Tinnon 


Mr. Tinnon was appointed Sales Man¬ 
ager in 1928 and was made Vice-President 
in Charge of Sales in 1942. Mr. Tinnon 
has long been active in the affairs of the 
Ambucan Wbloino SociBTY. He has 
served as Chairman of the Manufactures 
Committee, Membership Committee and 
Meetings & Papers Committee. 


^etcC Tfou 


• c- 4 


This is partkulerly uti* of machine tool bases, frames, lovors; 
of diosel ongino frames and goar casings; oquipmont for papor 
mills; crano and hoist parts; manifolds, blower housings; parts 
for tho groat majority of oloctrical appliances, etc. 

Woldod construction Is almost always stronger, yet lighter— 
also mere sightly end often loss costly. 

Study your product. Arronge to weld as much 
of it as possible. Consult United engineers on new 
plons, or submit present plans for study and 
estimates. 


THE UNITED WELDING CO. 



MIDDIITOWN. OHIO 


WftDfNC fA$glCATO»t Of MODtKN DESIGNS 
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In moving a radial drill press needed on an 
Army tank production line, the 5,250 lb. base 
fractured completely through. 

Repair welding with Tobin Bronze* Rod 
was imdertaken by the Super Arc Welding 
Co., of Detroit and the press was successfully 
returned to service. 

Preparation, requiring 54 man-hours, in¬ 
volved chipping out the break at each of the 
"T” slots so that these slots could, be ma¬ 
chined after welding without loss of strength. 

Actual welding required 85 man-hours 


and 350 pounds of Tobin Bronze Rod. 

Maintenance men everywhere are taking 
advantage of the salvage and repair oppor¬ 
tunities offered by Anaconda Welding Rods, 
such as Tobin Bronze, ”997” Low Fuming and 
others. 

Their experience is making the slogan 
“Don't scrap it...Bronze weld it”, an order 
of the day in wartime industrial plants. Pub¬ 
lication B-13 contains suggested welding 
procedures and examples of savings in repair 
time and expense. Write for a copy. 

•B«S. V.B. PBbOS. 



THE AMERIGO BRASS COMPANY—General Offices: Waterbury 88, Connecticut 
Subsidiary oj Anaconda Copper Mining C ompa ny^-ln Canada: AnacondA American Brass Ltd., New Toronto, OmA 


BUY WAR BONDS... Keep buying them. Buy them for Keeps 
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LINDE TO HOLD PRESSUBE-WELDING 
SCHOOL 

Beginning January 15 The Linde Air 
Products Co. with the cooperation of 
Pressure Weld Co., Houston, Tex., will 
conduct a training course for the purpose 
of giving detailed instructions in the proper 
procedure to be used in pressure-welding 
overland pipe lines. The school will be 
held at the warehouses and plant of 
Pressure Weld Co., Houston, under the 
direction of Linde service operator H. A. 
Yost, assisted by members of the Pressure 
Weld Co. field force. A welding clamp of 
the type used in the field, complete with 
the necessary auxiliary equipment, will be 
used to train the men under acttial field 
conditions. Men are trained in small 
groups to give an opportunity for in¬ 
dividual instruction. Each man who at¬ 
tends the school is provided with a spe¬ 
cially prepared illustrated reference man¬ 
ual of the subject and, because he will 
actually operate the pressure-welding 
equipment, the trainee should bring work 
clothes with him. The average training 
period is about two days. 

More than 50 welding operators, pipe¬ 
line inspectors and other interested field 
men representing 30 companies were in¬ 
structed at a similar school held last fall. 
Oil companies, gas companies and pipe¬ 
line contractors in the vicinity of Houston 
sent selected personnel to the school for 
training. Men came as far as 500 miles to 
attend. 

Complete information on the pressure- 


Tho Eqnipmant Usod in the Training Prograni Is Idantioal with That Aetnallir Usad 

in tha IWd 


welding school may be obtained from the Co., 6119 Harrisburg Blvd., Houston 11, 
Houston Office of The Linde Air Products Tex. 



Carbide 


IN THE RED DRUM 


EFFICIENT 

ECONOMICAL 


DEPENDABLE 



FOR WELDING and GUTTING 

Use National GarMde In the Red Drum 


M E. 43nd St. 


National Carbide Corporation Naw York, n. y. 


176 


THE WELDING JOURNAL 


Digitized by 


Google 


FEBRUARY 














For Welding Heavy Metals 



MODEL 
1549 P 


• Pump the Heat Into Weld 

• Reduce Flashing, and Bums 

• Make Cleaner Welds 


Presenting NATIONAL’S new 1945 Inter¬ 
rupter-timers—^five improved models spe¬ 
cially designed for fast, thorough welding of 
heavy metals. These are the same fine 
quality type of timers used by industry for 
many years to handle the tough, heavy jobs. 
They also control and time the pressure to 
Electrodes through a Solenoid Valve. Pre¬ 
cision-built by NATIONAL—America’s fore¬ 
most maker of welding controls. 


NATIONAL 

PULSATION WELD TIMERS 


It is being used more and more — INTERRUPTED 
WELDING — for Stronger, Uniform Weld Joints 



Here’s a close-up view of the heart of the new 
1945 National Type 1549P Timer. With this fine, 
precision timer, interrupted welding of heavy 
metals can be handled properly, and in volume. 
Heavy metals cannot be fully welded by one 
charge of current. It has been well estabUshed 
that pumping the heat into the weld two, three 
or more times, while the pressure to electrodes 
is held, produces a superior weld-joint. Also, it 
can be done with less KVA capacity. The ‘oAT 
interval between ‘on’ time must be short—not 
much over one cycle, otherwise metal will cool 
and form a crust that must be heated all over 
again. 5 cycles ‘on’, 1 cycle ‘oAT, repeated 4 
times, will weld 2 pieces of Jie*" metal perfectly, 
with 50 KVA applied. It reduces flashing and 
bums to a minimum. Even light-gage steel 
sheets are frequently welded with 2 interrup¬ 
tions, instead of a single spot, to produce a 
cleaner weld, without discoloration. 


Get the facts about Interrupted Welding with National Repeat Timers—also identified as 

NEMA Type 9B PULSATION SEQUENCE CONTROL 


N ationalTime& Signal (Corporation 


600 E. MILWAUKEE AVENUE 


DETROIT 2, MICHIGAN 
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Welding Developments of 1944* 



Welding Broken Tank Tread on the Battlefield with the Army's Welder*jeep 


I F A jeep can get there, so can a welder; 

and the result is that Army engineers 
can now make emergency repairs on tanks, 
trucks and other war equipment right up 
in the front line in Europe, or along jungle 
paths in the Pacific. Consisting of a 
standard Army jeep with a modified arc 
welder bolted to the floor in place of the 
right-front seat, the welder-jeep, has seen 
plenty of action. Light in weight, com¬ 
pact, highly mobile and extremely ma¬ 
neuverable, it can go places where heavier 
maintenance vehicles find the trails im¬ 
passable. Also, it can be loaded aboard 
a transport plane for use in airborne oper¬ 
ations. 

Driven by a V-belt on a power take-off 
from the jeep's engine, it is ready for oper¬ 
ation as soon as the vehicle is stopped. 
The governor, easily disengaged by a hand- 
operated clutch to permit normal opera¬ 
tion of the jeep, maintains proper engine 
speed. Any welding current from 40 to 
250 amp. is obtainable, and electrodes up 
to and including */« in. diameter are ac¬ 
commodated. 

Just as the Army has its welder-jeep, 
the Navy has its particular equipment. 
Installation was made in a Navy LVT 
(Water Buffalo) combat vehicle of a jeep- 
tjrpe engine, a welder and the miscellane¬ 
ous accessories. Such an equipment is of 
inestimable value in salvaging damaged 
equipment since the LVT vehicle is built 
for island-landing operations. 

Shipboard Welders—Through 
the Hatchway 

A 200-amp. d.-c. arc welder of special 
design was developed for shipboard use. 
Requirements were that it pass through 
the 16- by 16-in. hatchway, be as light as 
possible in weight, and be constructed 
to withstand high impact shock. Such a 
welder with a d.-c. motor weighs 450 lb. as 
compared to approximately 1000 lb. for a 
standard welder of the same output. 
A.-c. motor-drive was also made available. 

Gas-shielded Arc Welding—for 
Light Metals 

The application of both manual and 

* This ia one of the sections of General Elec¬ 
tric's anniuU review of electrical developments 
puhlished in the January 1945 issue of the Gen¬ 
eral EUclru Review. 


automatic gas-shielded arc welding was 
extended considerably during the year, es¬ 
pecially in welding aluminum and mag¬ 
nesium, and stainless steel. This type of 
welding—in which a relatively permanent 
electrode such as carbon or tungsten is 
surrounded by a stream or envelope of 
inert gas—is expected to be of most inter¬ 
est in the fabrication of wrought alumi¬ 
num and magnesium and the repair of 
castings in these metals. Welding stain¬ 
less steels, particularly in the thinner 
gages, and making electrical joints in cop¬ 
per are still other uses. Magnesium al¬ 
loys can be welded readily with a helium- 
shielded arc, using standard d.-c. power 
sources. Aluminum alloys can be welded 
readily without flux, with an argon- 
shielded arc supplied with alternating 
current from a special power unit. 


Welding Spotlight—No "Pecking" 

An arc-welding spotlight was developed 
to enable welding operators to see their 


work clearly through the welding lens of 
their helmets before striking the arc. The 
operator can thereby strike the arc ex¬ 
actly where he wants it, without "peck¬ 
ing” or "feeling” around. Time b saved 
and spoilage avoided. 


Electrodes—for Aircraft Steels 

A high-tensile electrode was developed 
to meet an urgent need of the aircraft 
industry for an electrode which would pro¬ 
duce a high-tensile deposit when wel^ng 
the heavier thicknesses required for the 
larger bombers and transport planes. Arc 
stability is good over a reasonably wide 
arc-voltage range, making it easier for the 
operator to keep the arc in operation, 
avoid pop-out of the arc and maintain 
uniformity of deposit. The arc has suf¬ 
ficient force to keep the slag from crowd¬ 
ing the weld metal when welding ver¬ 
tically downward, and the metal freezes 
quickly when welding overhead or ver¬ 
tically upward. 


ELECTR^^Y'/bt RESISTAj^E WELDING 







OF'PSET HOLDER ThE ElECTROLOV Co. Inc. 1600SEAVIEwi^^. BrII>6EPORT.Conn. WELDING ROLL 
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Shows Up Flows of Twist Drill Shanks _in Darkness 


Zyglo's unmittAkabl* indication of dafact cauaad by lack of fuaiozt. 



The best time to discard an imperfect 
flash-welded drill, like that illustrated 
above, is before it breaks in use—with 
possible injury to operator and prob¬ 
able damage to the part in process. 
This calls for 100% pre-service in¬ 
spection of every weld-careful, accu¬ 
rate inspection, by a method which 
reveals c7eor7y what the unaided eye 
cannot see. 

ZYGLO's brilliant fluorescent pene¬ 
trant indications unfailingly locate 


and show up such dangerous defects 
in all welds.. .lack of fusion, cracks, etc. 

ZYGLO Inspection, fast enough to 
keep step with production, may be 
adapted successfully to all types of 
welds—in both magnetic and non¬ 
magnetic metals. 

Think about the possible application 
of ZYGLO in your production. Write 
for illustrated bulletin and full 
information. 


*ZYGLO^^Tbe Trade Mark of Magnaflux Corporaiion applied to He equipment, 
material and methods A>r fluorescent penetrant inspection. 


MAGNAFLUX CORPORATION 

8902 NorthwSAt Highway, Chicago 3i, lllinola 
NSW YORK • OCTROIT • DALLAS * LOS ANOKLCS • CLEVKLANO • BlRMINOlUMli 
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An improved electrode was produced for 
horizontal fillets and joints of all types in 
the flat position. It provides smooth, 
high-speed deposition of high-quality 
weld metal, meeting A.W.S. specifications. 
Classes E-6020 and E-6030. 


Resistance Welding^for Special 
Jobs 

Standard resistance-welding equipments 
continued through the year to find added 
applications of major importance in war 
production, but in addition there were 
various applications calling for special 
equipment. In one such case, involving 
the fabrication of helicopter blades from 
tubular steel, mild-steel clips are spot 
welded to the tubular steel. Since the 
steel is* air hardenable, a new control 
equipment was required to temper the 
weld, reducing brittleness and increasing 
ductility. 

A new low-capacity capacitor-discharge 
control was develop^, utilizing a small 
bank of capacitors which are charged to a 
preset voltage by means of electronic 
tubes. Sufficient energy is discharged 
into the primary of the welding trans¬ 
former to induce suitable currents in the 
secondary or welding circuit for spot weld¬ 
ing thin-gage materials as used in elec¬ 
tronic tube manufacture. 

A complement of the series-capacitor 
control was developed, utilizing shunt ca¬ 


pacitors for power-factor correction, for 
use in those plants having only limited 
power supply for resistance welders. 
Used with a bank of capacitors, the control 
connects the capicators to the primary 
circuit of the welding transformer at the 
correct point with reference to power- 
supply voltage so as to avoid the heavy 
surge current which would occur other¬ 
wise. The series-capacitor arrangement 
is generally preferred for power-factor 
correction in new applications, but this 
control, together with the shunt capacitor, 
is of value in correcting existing installa¬ 
tions. 


REDUCING AIR-FLOW DRAG ON 
AIRPLANES 

Even the tiniest projection from the 
surface of an airplane is sufficient obstacle 
to the free flow of air to interfere to some 
extent with speed and, therefore, to in¬ 
crease fuel consumption per distance 
traveled. 

This sort of drag on air flow has been 
greatly lessened by modem improvement 
in the method of fastening the skin of an 
airplane to its frame. Instead of rivets, 
resistance welding is employed as the con¬ 
necting medium, thus eliminating rivet 
heads. 

As clearly shown in the accompanying 


1 

i 


I 




4 

«s 


photo coutUiy Rtiistonc* Wilder Ufrs. Assn. 


illustration, the surface is left perfectly 
smooth, allowing unobstructed flow of 
air over the surface of the craft. 

But other important advantages ac¬ 
cruing from the newer method are re¬ 
ported by Fleetwings, Inc., division of 
Kaiser Cargo, Inc.» pioneers in the use of 
resistance welding in metal plane con¬ 
struction. 

For example, fittings can be made 
smaller and lighter, because of the closer 
pitch permitted in spot welds. 


PRACTICAL DESIGN OF 
WELDED STEEL 
STRUCTURES 

by H. M, Priest 

An up-to*date book of 150 pages 
copiously illustrated with charts and 
photos giving practical design in¬ 
formation and procedures for the 
design of welded steel structures. 
Price $1.00. Bound in cloth covers. 

AMERICAN WELDING SOCIETY. 

33 WEST 39TH STREET. NEW YORK 18. N. Y. 
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Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
rhe Trade-Name U “ANTI-BORAX’’ 


49 k for 77i«m Unequalled for Quality 

4 Flux for every metali Cast Iron Welding Flux 
No. It Braainc Flux No. 2t Braa-Cast Flux No. 4. 
for bronae«we1ding cast in>nt **ABC** Aluminum 
Flux No. 8 for elieet Aluminum and all alloys of 
Aluminumt Stainlees Steel Rux No. 9t SUver 
bolder Braaing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 

ANTI-BORAX COMPOUND COMPANY 

Fort Wayne, Indiana 
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NOW .. . RESISTANCE WELDING WITH AN 

evenly balaneed 
three-phase load... 


Resistance welding steel in heavy 
gauges places a high, periodic demand 
on the power supply. Conventional a.c. 
welders — designed for single phase — 
seriously unbalance the load, cause flicker 
in the line and often require expensive 
substation and distribution equipment. 

Sciaky “THREE-PHASE” welders em¬ 
ploy a principle enabling them to take 
practically an equal amount of current 
from each phase of the power supply, 
thus operating on a balanced load. 
An ideal low frequency welding current 
is produced first by converting to d.c. 
then reconverting to an alternating im¬ 
pulse. This system also provides oper¬ 
ation at high power factor (80 to 85%) 
and decreased actual power demand. 

The Sciaky •^THREE-PHASE'' Welder 
illugtrated i$ deaigned for high quality 
spot welding on mild and stainless steels 
and rusty and scaly stock in thicknesses 
from .032” to .312". Rnlinfr 100 KVA 
at 50% duty cycle, operating at 85% 
power factor. Speed on two thicknesses of 
.062” mild steel is 90 spots per minute. 
Special features include Variable Pressure 
tcith a maximum pressure of 5.000 lbs., 
and adjustable Preheating Current. 


^’rile for biillptin 204-.A descrihinp fully the 
principle of the Sciaky “THREE-PH.\SE". 
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Monufoetureri of a Complete line of AC and DC Electric Resistance Welding Mochines 

4915 West 67th Street > Chicago 38, Illinois 

Offices in Detroit, Los Angeles, Washington, Clevelond and New York 
Representatives in Principal Cities 
In England: Sciaky Electric Welding Machines, ltd., London 
In Fronce: Sciaky S. A., 13, 15 Rue Chorles Fournier, Paris 






SECTION ACTIVITIES 


BIRMINGHAM 

The January meeting of the Birming¬ 
ham Section was held on the 4th in the 
Auditorium of the Alabama Power Build¬ 
ing. Mr. Milton Bowers, Proprietor of 
Milton Bowers Welding Co., Memphis, 
Tenn., outlined his experience as a job 
welder over the past twenty-five years. 
Mr. John C. Thierae, Field Engineer, 
Eutectic Welding Alloys Co., New York, 
N. Y., presented his experience on the use 
of welding as a solution to maintenance, 
repair and salvage problems. A film, 
“The Use of the Electric Arc in the Main¬ 
tenance, Construction and Repair of 
Cutting Tools,” was shown through the 
courtesy of the Welding Equipment and 
Supply Co., Detroit, Mich. 

The following are the programs of meet¬ 
ings starting with the March meeting. 

Thursday, March 1st—“Distortion in 
Welded Structures and Its Correction." 
Prevention—Design, Jigs, Welding Pro- 
cediue. Setup; Causes—Avoidable and 
Unavoidable; Correction—Flame Shrink¬ 
ing, Mechanical, Furnace. 

Thursday, April 5th—"Shipyard Weld¬ 
ing.” Hull Construction (Subassembly— 
Erection); Auxiliary Welding—Piping, 
Stacks, Thermit, Rudders, Chain, King 
Posts; A Woman’s Viewpoint; Ship Re¬ 
pair Welding. 

Thursday, May 15th—Joint Meeting— 
American Society for Metals and Aicbri- 
CAN Welding Society. “Metallur¬ 
gical Aspects of Arc Welding.” 

All Meetings at 8:00 P.M. in the Ala¬ 
bama Power Building Auditorium. 

CHICAGO 

J. Wesley Cable of the Induction Heat¬ 
ing Corp., discussed “Induction Heating 
for Soldering and Brazing” at the Decem¬ 
ber 15th meeting held in the Peoples Gas 
Auditorium. Mr. Cable discussed induc¬ 
tion heating which is playing an increas¬ 
ingly more important part in brazing and 
soldering applications. A Pre-Meeting 
Movie, “Birth of the B-29,” shown 
through the courtesy of the War Depart¬ 
ment. showed some of the revolutionary 
mechanical features of this giant aircraft. 
“Ski Revels,” which combined beautiful 
winter scenes with skilled action at high 
speeds, and “Jack Frost,” a technicolor 
comedy, were also shown. 

CINCINNATI 

A joint meeting and plant visitation at 
Cincinnati Milling Machine Co. was held 
on Thursday, January 11th, by the Ameri¬ 
can Society for Metals and the Ameri¬ 
can Welding Society. From four to six 
o’clock in the afternoon the members vis¬ 
ited the welding shop, the machine shop 
and the heat treat department. Dinner 
followed in the cafeteria, after which the 


evening meeting was held. Frank Mc¬ 
Guire, Division Service Engineer, The 
Linde Air Products Co., gave an illus¬ 
trated talk on "Flame Hardening.” 

CLEVELAND 

A revised City Code of Structural Weld¬ 
ing will very shortly be presented to the 
Cleveland City Council and is being 
sponsored by a number of technical soci¬ 
eties in Cleveland. 

As a part of the plan to interest many 
different technical societies in this Welding 
Code, the Cleveland Section was very for¬ 
tunate in being able to have Mr. H. W. 
Lawson, engineer for the Bethlehem Steel 
Co., speak on January 10th on “Welding in 
Modern Building Construction.” 

Members of the various architect, civil 
engineer, and professional engineers so¬ 
cieties heard Mr. Lawson give an excel¬ 
lent, down-to-earth discussion of many 
phases of welded structures, with particu¬ 
lar reference to the design details which he 
has developed. 

Mr. Lawson is well known in the eastern 
part of the United States and gave an ex¬ 
cellent paper on a similar subject at the 
National Convention in Cleveland. His 
work along structural welding lines has 
been so outstanding that it was felt desir¬ 
able to have him return to Cleveland. 

At dinner Miss Esther MuUin, director 
of women's activities at Radio Station 
WGAR, and a member of the acting staff 
at the Cleveland Playhouse and instruc¬ 
tor in drama at Western Reserve Univer¬ 
sity, gave an interesting talk and monolog. 

The Cleveland Section Educational 
Course given during the last half of 1944 
was so successful that it is being continued 
during 1945. No charge is being made for 
these educational courses at the present 
time, which include lectures and plant 
trips into the factories of various manu¬ 
facturing members of the Cleveland Sec¬ 
tion. 

DETROIT 

Power-line problems growing out of 
welding installations were described in 
interesting detail at the first 1945 meeting, 
held on January 5th, of the Detroit Sec¬ 
tion, by L. W. Clark of the Detroit Edison 
Co. The meeting was held in the Edison 
building auditorium. 

Most welding installation problems, in 
so far as the power source is concerned, 
grow out of lamp flicker, Mr. Clark indi¬ 
cated. The amount of flicker developing 
in a line can be reduced, he said, by locat¬ 
ing the transformer close to the machine, 
and by spacing the conductors closer to¬ 
gether. Such methods reduce voltage 
drop. Storage battery and stored energy 
welders, he said, impose no problem in 
equalizing the line load. As to other 
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types of welders, he estimated that a con¬ 
ventional single-phase welding machine 
imposed the heaviest load, a three-phase 
machine about two-thirds of the single 
phase’s, while a single-phase machine 
with series capacitors imposed about 40^ 
of the line load of the conventional instal¬ 
lation. 

It was announced that the March 14th 
meeting would be held jointly with the 
Society for Advancement of Management, 
with James F. Lincoln, of The Lincoln 
Electric Co., the featured speaker. 

The following is the program for the 
next couple of meetings: 

March 2nd—Ford Night. 

March 14th—Joint Meeting with Society 
for Advancement of Management. 
Speaker, James F. Lincoln. The Lincoln 
Electric Co. 

April 6th—“Induction Heating,” J. 
W. Cable, Induction Heating Corp. 

May 4th—Second Annual Welding 
Conference. Technical Sessions—Rack- 
ham Memorial Bldg. Dinner and Eve¬ 
ning Meeting—Wardell-Shcraton Hotel. 

HARTFORD 

The first regular meeting of the Hart¬ 
ford Section was held at the University 
Club of Hartford on Friday, Decembw 
8th. and although the weather was ex¬ 
tremely bad. there were 38 people present. 

The following officers were unanimously 
elected: Chairman, John W. Mortimer, 
Whitlock Mfg. Co., Hartford; Vice- 
Chairman, Shaw Taylor; Secretary, R. H. 
Florian, Trumbull Elec. Mfg. Co., Plain- 
ville, Conn.; Treasurer. Louis C. Koch; 
Program Chairman, Wm. D. Halsey; 
Membership Chairman. Fred J. Giroux. 

Each of the officers said a few words to 
the assembly. 

The meeting was then turned over to 
Mr. A. M. Setapen of Handy & Hannan, 
who presented a very interesting talk on 
the application and use of low-temperature 
silver-brazing alloys. This talk was sup¬ 
plemented by lantern slides and follow^ 
by an actual demonstration of torch braz¬ 
ing. 

LOS ANGELES 

Because of his transfer to Chicago, 
David Bisbcc bad to resign as Chairman 
of the Los Angeles Section. Charles 
Babbitt, Vice-Chairman, was appointed 
Chairman. Clifford Sommarstrom was 
appointed Vice-Chairman. 

LOUISVILLE 

The Louisville Engineering and Scien¬ 
tific Societies’ Council published its first 
edition of "The Louisville Engineer and 


Scientist in December 1944. This b an 
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admirable and timely effort to coordinate 
the aims and activities of some ten groups 
whose kindred subjects dovetail in many 
respects. Conflicting meeting dates and 
procedures as to programs will be one of 
the items to be coordinated. 

The annual business meeting of the 
Louisville Section was held on December 
12th, with those present reviewing the 
year’s activities. A color sound film, 
“Eighteenth Century Life in Williams¬ 
burg, Virginia” courtesy Eastman Kodak 
Co., was shown and found educational, en¬ 
lightening and entertaining. 

MILWAUKEE 

The meeting place of the Milwaukee 
Section is at the Ambassador Hotel on 
the last Friday of the month, except when 
that day falls on a holiday or close to one. 
The December 15th meeting was, as usual, 
a dinner meeting. After-dinner talk and 
movie were presented by Lt. Jay G. 
Scbadt, navigator on a B-17 in Europe. 
The movie was on “Air Corps Materiel 
Equipment.” A “Symposium on Tool 
and Die Repair by Welding” had as the 
main speakers Mr. J. Welch of the Cutler- 
Hammer Co. and Mr. H. E. Bailie of the 
Nordberg Mfg. Co. 

NEW YORK 

The New York Section held a joint 
meeting with the Metropolitan Chapter of 
the American Poundrymen’s Association 
and the New York Chapter of the Ameri¬ 
can Society for Metals at the Building 
Trades Club on Monday, January 8th. 
T. D. Parker, Climax Molybdenum Co., 
New York, presided as Technical Chair¬ 
man. 

The speaker for the evening was Nor¬ 
man L. Mochel, Manager of Metallurgical 
Engineering, Westinghouse Electric & 
Mfg. Co., Philadelphia, Pa., who spoke on 
the subject, “Shall It Be: Cast? Forged? 
or Welded?” He described the factors to 
be considered in selecting castings, forg¬ 
ings or weldments for construction or 
fabrication of various types of industrial 
equipment. His talk explained when each 
of these methods should be used and 
showed how casting, forging and welding 
can work together rather than compete 
with each other. Mr. Mochel also showed 
that many structures can advantageously 
combine two or more fabricating methods. 


His talk was well illustrated by numerous 
lantern slides. 

NORTHWEST 

“Welding and Problems Associated 
with Welding” was the subject of T. Mc¬ 
Lean Jasper’s address at the January 9th 
meeting. Mr. Jasper is Technical and 
Research Director, General American 
Transportation Corp., Chicago. 

OKLAHOMA CrTY 

The regular December meeting of the 
Oklahoma City Section was held on De¬ 
cember 14th at 7:30 P.M. at the Black, Si- 
vails & Bryson, Inc., plant in Oklahoma 
City. 

Tbe program consisted of a practical 
demonstration of the application of low 
melting point alloys by M. C. Robbins, 
Service Engineer. Handy & Hannan Co., 
Chicago, Ill. Of particular interest was 
the joining of copper, steel and alloy met¬ 
als, as well as dissimilar metab, by meth¬ 
ods developed by the Handy & Hannan Co. 

The program was followed by a plant 
tour of Black, Sivalls & Bryson, Inc., 
which enabled those attending to see the 
plant in full operation. 

Oklahoma City Section has added 37 
new members since the beginning of the 
1944-45 season. 

PHILADELPHIA 

The Philadelphia Section Education 
Committee under the chairmanship of 
Wm. B. Brooks is working with the Phila¬ 
delphia Section of the American Society 
for Metals to re-establish the course in 
Welding Metallurgy given at Temple 
University last year. Plans are being 
made to run this course from 15 to 20 
weeks starting about the middle of Feb¬ 
ruary. Members of both societies will act 
as instructors and an enrollment of ap¬ 
proximately 100 students is anticipated. 

The Structmal Committee he^ed by 
W. F. Carson is working actively with the 
city officials who are planning a revision of 
the Building Code. The committee seems 
to have the utmost confidence in Mr. 
Carson and it is very probable that they 
will accept many of his suggestions. 

A. Amirikian, of the Bureau of Yards 
and Docks, U. S. N. was the speaker for 
the November 20th meeting, and he gave 


an excellent talk on Structural Engineer¬ 
ing. This meeting was attended by mem¬ 
bers of the American Institute of Archi¬ 
tects and the American Society of Civil 
Engineers. 

At the December 18th meeting T. D. 
Radcliffe of the Standard OO Co. of 
California outlined the many uses erf 
and stainless steels in oil reveries. Rep¬ 
resentatives from all of the refineries in the 
area were present and a lively discussion 
followed Mr. RadcUffe's talk. 

PITTSBURGR 

The following are the future meeting 
dates, speakers and subjects to be dis¬ 
cussed before the Pittsburgh Section: 

February 21—“Welding of Copper and 
Copper Alloys,” John J. Vreeland, Metal¬ 
lurgical Engineer, Sales Promotion Div., 
Chase Brass & Copper Co., Waterbary, 
Conn. 

March 21st—“Steel Castings—Their 
Use in Weldments,” E. J. Wellauer, Super¬ 
visor, Research & Metallurgy, The Falk 
Corp.. Milwaukee, Wis. 

April 27th—Eighth Annual Tri-State 
Convention. “Welding in the Post-War 
World,” T. B. Jefferson, Editor, 71k 
Welding Engineer, Chicago, lU. 

Each meeting is preceded by a Question 
and Answer Period conduct^ by L. C. 
Bibber of the Camegie-IUinois Steiel Corp. 

ROCHESTER 

The January 4th meeting of the Roch¬ 
ester Section held in Lower Strong Audi¬ 
torium, University of Rochester, was ad¬ 
dressed by D. H. Corey, Welding Engi¬ 
neer with the Detroit Edison Co. His sub¬ 
ject was “Welding and Stress Relieving of 
High-Pressure Piping Systems.” 

His “brassiere" talk covering the high 
spots of high-pressure welding proved 
very interesting to the members and guests 
that were present. With the use of 
slides, which, by the way, were remark¬ 
ably clear, he explained the types of joints 
and welding procedures that are used in 
high-pressure pipe welding. His dis¬ 
cussion of preheating and stress relieving, 
and the equipment that can be used for 
this work, was particularly interesting. 
For over an hour, after his talk, he was 
kept busy answering questions. All 
in the audience felt well repaid for their 
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efforts in attending the meeting. Due to 
the bad storm that has covered this area 
and the almost impassable roads, the at- 
tendence was smaller than usual. 

An executive meeting was held Monday 
evening, January 8th. The bowling party 
on January 13th and the social evening 
planned for May were given special at¬ 
tention. 

The February meeting will be ad¬ 
dressed by George F. Wolfe of Dravo 
Corp. His subject will be “Production 
Line Assembly Methods as Applied to 
Ship Construction.’’ 

ST. LOUIS 

The St. Louis Section held their regular 
meeting on Friday, December 8th, at 
the Engineers’ Club Auditorium. The 
speaker for the evening, J. A. Hudson of 
The Linde Air Products Co., spoke on 
some new developments in oxyacetylene 
cutting. Mr. Hudson’s talk was illus¬ 
trated with slides and a short movie. His 
treatment of the subject included manual 
cutting and machine cutting from the 
simplest type of machine to the most elab¬ 
orate. The short movie illustrated the 
cutting of a heavy casting riser weighing 
approximately 10 tons. The pre-meeting 
movie was a war film, entitled “Birth of 
the B-29.” Following the meeting, re¬ 
freshments were served in the Club Recre¬ 
ation Room. 

TOLEDO 

The December meeting was held on the 
19th at the Macomber Vocational School. 
A half-hour “Problem Period’’ was held 
for the first time and “Problem Chairman’’ 
Sam Snell did a good job. The speaker of 
the evening, Frank E. Thompson, Jr., 
Salvage Engineer of the Thompson En¬ 
gineering Co., Grand Rapids, Mich., gave 
an exceedingly realistic and most inter¬ 
esting talk on “Salvage at Pearl Harbor 


List 


BIRMINGHAM 

Hawkins, Floyd (C), Hawkins Iron Co., 
P.O. Box 670, Birmingham, Ala. 

BOSTON 

Lyon, Lyman F. (C), 23 Phillips St., 
West Medway, Mass. 

Ring, John S. (C), 396 Main St.. Wil¬ 
mington, Mass. 

BRUNSWICK 

Coleman, Clester Terrel, Sr. (B), 5847 
Goodyear Homes, Brunswick, Ga. 

BRIDGEPORT 

Donovan, John J. (C), 918 Reservoir Ave., 
Bridgeport. Omn. 


after December 7, 1941.” A film, “Re¬ 
turn to Guam,” was shown. 

Meetings for the remainder of the season 
are as follows: 

February 19th—“Electric Resistance 
Welding,’’ by Mario Sciaky. 

March 19th—“Metallizing or Metal 
Spraying,” by David C. Boltz. 

April 16th—"Flash Butt Welding,” 
by W. S. Evans. 

May 21st—“Welding and Problems 
Associated with Welding,” by T. McLean 
Jasper. 

June 18th—“Welding as It Effects De¬ 
sign,” by Leslie McPhee. 

WASHINGTON, D. C. 

The Washington Section of the Ambki- 
CAN Wblding Socibty was'host Decem¬ 
ber 13th at the seventh annual joint 
meeting of that society and the Washing¬ 
ton Chapter of the A. S. M. 

The guest speaker for the evening was 
Norman L. Mochel, Manager, Metallur¬ 
gical Engineering, Westinghouse Electric 
and Mfg. Co., whose theme, “Weldments 
versus Castings versus Forgings,” was 
presented with the viewpoint of a spe¬ 
cialist whose chief interest was heavy 
equipment. Mr. Mochel spoke of the 
growing feeling of confidence in welding 
during the war and pointed out that al¬ 
though much progress naturally was mode 
at the expense of casting and forging these 
latter two methods of fabrication had not 
suffered in production because of the big 
job they had to do in the war. 

In discussing the black marks against all 
three fabrication methods, such as flakes 
and fissures in forgings, defective castings, 
ship failures and the like, the speaker sug¬ 
gested that a broad viewpoint was needed 
since all branches were weighted with tre¬ 
mendous production schedules. The 
superb contributions of all branches since 
the war were mentioned in some detail. 
Centrifugal line castings were cited as a 
progressive step which after the war 
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Hammond, Mark A. (B), c/o Electric 
Boat Co., Groton, Conn. 

Sinclair, John A. (C), 2393 East Main St., 
Bridgeport, Conn. 

CANADA 

Alcock, D. M. (B), Canadian General 
Electric Co., Ltd., 212 King St. West, 
Toronto, Ont., Canada. 

CHICAGO 

Aarta, Cornelius (B), Chicago Specialty 
Welding Co., 600 S. Michigan Blvd., 
Chicago, Ill. 

Ellis, Robert S. (B), 543 W. Washington 
Blvd., Chicago, Ill. 

Knop, Edgar C. (B), Crucible Steel Co. of 
America, 7606 Calumet Ave., Chi¬ 
cago 19, Ill. 


would compete with forging. Electrical 
machinery frames long made by casting 
would be largely welded structures later 
on while larger machinery castings would 
be eliminated in preference to welding. 
Locomotive beds should continue to be 
cast due to the quantity required, the 
speaker said. Ship shaftings of alloy 
steels have long been a forged product 
but if cracks are prevalent and are ac¬ 
cepted by inspectors of the forging field, 
Mr. Mochel stated, the method takes a 
downward step. Interesting slides were 
shown by the speaker in taking his audience 
on visits into foundries, forge shops and 
welding shops, while he discussed his 
subject. Mochant ships, turbines, central 
stations of power houses, propulsion equip¬ 
ment, condensers and gear rings were 
among the items presented pictorially. The 
use of all three methods of fabrication 
in one unit was shown in a large structure 
in marine service. 

The use of precision casting in turbine 
blades and for other parts was also men¬ 
tioned as important steps forward in this 
field. 

FoUowint^the discussion period a sound 
film, “New Horizons in Welding,” was 
shown. The serving of refreshments con¬ 
cluded the well-attended meeting. 

YORK-CENTRAL PA. 

The regular monthly meeting of the 
York-Central Pennsylvania Section was 
held on December 13th. A sound movie 
in technicolor, “Development of Steam 
Power,” showing installations and interior 
of furnaces, also Animated Drawings were 
shown. Mr. E. B. Van Sant, Superintend¬ 
ent of the Badenhauser Corp., Division of 
the Riley Stoker Corp., was the speaker of 
the evening. His subject, “Welding for 
High Pressure,” covered such features as 
heavy plates, construction, high-pressure 
boilers, superheaters up to 1800-lb. pres¬ 
sure, 1,000,000 lb. steam per hour. 
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Deitrick, Stanley J. (B), 45 Highland 
Drive, Willoughby, Ohio. 

Dines, Glenn G. (B). Euclid Road Ma¬ 
chinery Co., 1361 Chardon Road, Cleve¬ 
land 17, Ohio. 

Friedman, Adolph J. (C), A. J. Friedman, 
2310 Westminster Road, Cleveland 
Heights, Ohio. 

Gilbert, Clifford F. (C), Republic Struct. 
Iron Works, 1290 East 63rd St., Cleve¬ 
land, Ohio. 

Robbins, J. Morley (C), Goodyear Tire & 
Rubber Co., 1144 East Market St., 
Akron, Ohio. 

Tekautz, M. J. (C), 1167 East 74th St., 
Cleveland 3, Ohio. 

Webb, Walter C. (B), 812 Huron Rd., 
Cleveland, Ohio. 


DETROIT 

Aulerich, Arthur J. (C), 14469 Mapleridge 
Ave., Detroit 5, Mich. 

Cherry, Frank £. (B), c/o Baker Perkins, 
Inc., 1000 Hess St., Saginaw, Mich. 

Harley, James A. (B), c/o Baker Perkins. 
Inc., 1000 Hess St., S^naw, Mich. 

Hennecke, Hans (B), c/o Baker Perkins, 
Inc., 1000 Hess St., Saginaw, Mich. 

Kaiser, Walter S. (C), 93 Kenilworth, 
Detroit, Mich. 

Lauzon, Ernest (B), General Welding Co., 
2134—20thSt., Detroit 16, Mich. 

Leach, Edgar S. (B), c/o Baker Perkins, 
Inc., 1000 Hess St., Saginaw, Mich. 

Leathers, Chester F. (B), Progressive 
Welder Co., 3060 E. Outer Drive, 
Detroit, Mich. 

Lueck, W. E. (C), 14167 Longacre, De¬ 
troit 27, Mich. 

Lttkowski, Arthur E. (B), c/o Baker Per¬ 
kins, Inc., 1000 Hess St., ^ginaw, Mich. 

Miller, Frank C. (B), c/o B^er Perkins, 
Inc., 1000 Hess St., Saginaw, Mich. 

Oberschmidt, Oscar H. (B), c/o Baker 
Perkins, Inc., 1000 Hess St., Saginaw, 
Mich. 

Panik, Joseph J. (C), 10829 Peerless Ave., 
Detroit, Mich. 

Renny, Douglas K. (C), 13344 Longview 
Ave., Detroit 6, Mich. 

Ross, Stanley W. (B), 6040 St. Lawrence 
St., Detroit 10, Mich. 

Stanley, Wallace A. (C), 16729 Mettetal, 
Detroit 27, Mich. 

Vaughan, George E. (B), c/o Baker 
Perkins, Inc., 1000 Hess St.. Saginaw, 
Mich. 

Waltman, Harold C. (B), 16371 Ardmore, 
Detroit 27, Mich. 

Winnert, Goe^ E. (C), 999 Whitmore 
Rood, Detroit, Mich. 
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Brann, Samuel, Jr. (C), 360 N. Brewer St., 
Greenwood, Ind. 

Bldridge, Flo^e E. (C), 248 E. Ohio St., 
Franlclin, Ind. 

Thompson, R. D. (B), 427 West Vineyard 
St., Anderson, Ind. 


KANSAS CITY 


Alexander, Albert M. (B), 66 & 40 Route 1, 
Marshall, Mo. 

Creighton, E. J. (B), 4th & Walnut Sts., 
Leavenworth, Kan. 

Fitzjarrell, Roy (C), Overland Park, Kan¬ 
sas City, Mo. 

Kohlbeck, Oscar J. (B), 4106 Wyoming, 
Kansas City 2, Mo. 

Miller, Perry E. (B), The Vendo Co, 
2600 Washington, i^nsas City, Mo. 

Staihr, Joseph B. (B), National Steel 
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Products Co., 1611 Crystal Ave., 
Kansas City 3. Mo. 


LOS ANGELES 

Ashman, Theo. R., (B), Amphibious Oper¬ 
ating Base. F.P.O. Francisco. Calif. 

Bizby, Dean 1. (C). 219 West 84th Place. 
Los Angeles, CaliL 

Fournier, John L. (C), Rte. 2, Box 43, 
Los Gatos, Calif. 

Haines, Lawrence L. (C). 122 W. Collins, 
Orange, Calif. 

Hall, John J. (C), 10214 Inglewood Ave., 
Inglewood, Calif. 

Mays, David W. (B), 9117 Gramercy 
Place, Los Angeles 44, Calif. 

Mudge, Robert M. (C), 619 N. Spring 
St., Compton. Calif. 

Renoe, Virgel T. (C), 816 South St., 
Long Beach 6, Calif. 

Searfosa, L. V. (C), 111 Morningside St., 
Long Beach 5, C^if. 

Sorensen, Claude Shaw (C), 2762 Daisy 
Ave., Long Beach 6, Calif. 


LOUISVILLE 

Disney, Aubrey H. (C), 1233 Kentucky 
Ave., LouisviIle3, Ky. 

Martin, R. S., Jr. (B), 1209 Audubon 
Pkwy., Louisville 4, Ky. 

McDo^d, Dennis L. (C), 1604 Lincoln 
Drive, Jeffersonville, Ind. 

Ray, Samuel G. (C), 619 W. Magnolia, 
Louisville 8, Ky. 

Smitii, Stanley L. (C). 1617 N. Spring St., 
Jeffersonville, Ind. 


MARYLAND 

Lucas, Hen^ C., Jr. (B), 3606 Clifton 
Ave., Baltimore 16, Md. 

NEW JERSEY 

Cameron, Geo. W. (C), Lloyd Engineer¬ 
ing Co., 66 Stephen St., Belleville 9, 
N.J. 

Di Liberti, Ernest (C), 1281 Paterson 
Plank Rd., Secaucus, N. J. 

Goldberg, Morris (C), Metal & Thermit 
Corp., 92 Bishop St., Jersey City, N. J. 

Goodinan, Isaac S. (B), Westinghouse 
Elec. & Mfg. Co., Div. 8910, Bloom¬ 
field, N. J. 

Hahuszek, Frank (C), 206 Prospect St., 
Englewood, N. J. 

Lawrence, Harold (C), Welding Fabricat¬ 
ing Co., 39 Sumit St., Newark, N. J. 

lawyer, Frank C. (C), 18 Paulisoo Ave., 
Passaic, N. J. 

Rountree, John H. (B), The Linde Air 
Products Co., 686 Frelinghuysen Ave., 
Newark, N. J. 

Sharav, Wm. B. (B), The Linde Air Pro¬ 
ducts Co., 646 Frelinghuysen Ave., 
Newark, N. J. 

Swan, Charles H. (B), 12 Condit Terrace, 
West Orange, N. J. 


NEW YORK 

Baker, Gordon L. (C), Westinghouse 
Electric & Mfg. Co., c/o Agency & 
Specialty Div., 40 Wall St., New York 
6, N. Y. 

Castellano, Frank (B), 170 Maple Park¬ 
way, Staten Island 3, N. Y. 

Rubin, Allen (B), 16 E. 4th St., Mt. Ver¬ 
non, N. Y. 


NORTHWEST 

Brayden, James D. (C), Walter Butler 
Shipbuilders, Inc., 609 South 64th Ave. 
W., Duluth, Minn. 
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Casey, P. W. (A), Stainless & Steel Prod¬ 
ucts Co., lUOU Berry Ave., St. Paul 4, 
Minn. 

Diehl, H. J. (C). 225 -;iOth Ave. So., 
Minneapolis 6, Minn 

Tierney, F. P. (C), Northern States Power 
Co., 16th & Chestnut Sts., Minne¬ 
apolis 3, Minn. 

Westin, Heilin D. (B), 3227 Benjamin 
St. N. E., Minneapolis 13, Minn. 


OKLAHOMA CITY 

Burleson, Merle (C), 2640 N.W. 16th. 

Oklahoma City. Okla. 

Hill, Byron M. (C). 4901 Classen, OkU- 
homa City, Okla. 

Huffman, Dan N. (C), 40 S.E. 34th. 

Oklahoma City. Okla. 

Olsen, LesUe (C). 2724 W. 16th, OkU- 
homa City, OUa. 

Stierwalt, Roy M. (C), 137 East Maple St., 
Drumright. Okla. 

Ziemer, Arniin (C), 826 Braniff Bldg., 
Oklahoma City, Okla. 


PEORU 

Strickler, Orvel M. (C), National Cylinder 
Gas Co., Peoria I. III. 


PHILADELPHU 

Brooks, Walter F. (C), 923 Linden St., 
Camden, N. J. 

Knief, Royal R- (B), 6709 Lansdowne 
Ave., Philadelphia 31, Pa. 

Kough, Harry V. (C), 26 E. 24th St.. 
Chester, Pa. 

Moyer, Robert N. (C), 19 Bldridge Ave., 
CoUingswood, N. J. 

PITTSBURGH 

Johnson, Carl B. (B), Box 242 Rd. 2. 
Verona, Pa. 


PORTLAND, MB. 

Goodwin, Charies Vincent (C), 426 Broad¬ 
way, South Portland, Me. 

Libby, Carl A. (C), Pownal, Me. 

McCarty, J<dm (C), 91 Boston St., South 
Portland, Me. 

Nielsen, Christisn (C). 286 Allen Ave.. 
So. Portland, Me. 


PUGET SOUND 

Bradway, I. C. (B), Isaacson Iron Works. 

2917 E. Margin^ W^, Seattle, Wash. 
Hslverson, Kennetii Theron (C), 6601 
21st Ave. So., Seattle 8, Wash. 

Hard, Artimr R. (C), 1118 Cherry St.. 
Seattle 4, Wash. 

Larsen, H^ld N. (C), 2912—11th Avn. 
West, Seattle, Wash. 

Matthews, Floyd H. (B), 3720—39th So.. 
Seattle, Wash. 

Wilson, Robert K., Jr. (C), 9729—31st 
Ave. So., Seattle 6, Wash. 


ST. LOUIS 

Pandjiris, A. (B), 214 Elm Ave., Glendale 
22, Mo. 


SAN FRANCISCO 

Dill, Maurice F. (B), 317 San Fernando 
Way, San Francisco 16, Calif. 
Nemeyer, O. D. (B), 3322 Liese Ave., 
Oal^nd, Calif. 
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implicity of Design Makes This 

_Resistance Welder Control Ideal_ 

for Efficient Production Weiding 


ron €ASY INSTALLATION AND MAINTCNANCE 


SYNCRO-BRCAK 


/ DETROIT • MILWAUKEE • LOS ANGELES 


• Only simple magnetic relays and pneumatic tim¬ 
ing units are used in the assembly of Safront weld 
and sequence timers. Operation is based on the 
interval required to transfer a small volume of fil¬ 
tered air from one chamber to another, through a 
regulated orifice. Circuits are conventional—easy 
for the electrician to understand and service. 


SAFRONT TIMERS are built In 18 NEMA standard 
types. All electrically energized parts ore behind 
a protective panel, yet finger-tip adjustment of 
individual timing periods is provided by large, 
colibrated dials on panel front. 


On timers and contactors alike, all terminals and 
wiring are instantly accessible for inspection and 
maintenance. Coils, contacts and all renewable 
parts may be replaced in a matter of seconds, using 
only standard electrician's tools. 


*Shou n above — an efficient 
production line with Thomson Welders, 
Square D controlled. 


HIGH SPEED end SYNCRO-BREAK CON¬ 
TACTORS have unusuol design features required 
for frequent making and breaking of the vrelding 
transformer primary circuit. Syncro-Break con¬ 
tactors provide means for opening circuit without 
arcing at contact tips—thus increasing contact life 
and allowable ratings. 


HtCH SPEED 
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YORK-CENTRAL PBNNA. 


Schemm, C. W. (C), 1170 Phelan Bldg., 
San Francisco 2, C^f. 


SYRACUSE 

Ames, Millard R., Jr. (C), 549 W. Seneca 
Tnpk., Syracuse 7, N. Y. 

McEeown, Frank I. (C), 161 West 6th 
St., Oswego, N. Y. 

Reitz, Mikael (C), 215 Murray St., 
Oswego, N. Y. 

TOLEDO 

Von Behren, Wm. P. (C), 2723 Densmore 
Dr., Toledo 6, Ohio. 


WASHINGTON, D. C. 

Calkins, Nelson M., Jr. (C), 2005 Frank¬ 
lin St., N. E., Washington 18, D. C. 
Mattson, Lt Irving C., U.S.N.R. (C), 2961 
Columbus St., Apt. 1, Arlington, Va. 


Shuck, Mervin J. (C), 102 E. Hamilton 
Ave., Silver Spring, Md. 

WESTERN MASS. 

Hartley, Edwin B. (B), 22 High St., 
Turner Falls, Mass. 

Pike, Norman (C), 6 Pomeroy Court, 
Easthampton, Mass. 

Tinsman, Joseph A. (B), Gilbert & Barker 
Mfg. C^., West Springfield, Mass. 


WICHITA 

Irvin, C. O. (B), Beech Aircraft, R. 4, 
Wichita, Kan. 

Risuig, Carl Jay (C), Beech Aircraft 
Corp., R. 4, Wichita, Kan. 

Russell, Harley D. (C), Russell's Welding 
Shop, 1906 No. Broadway, Wichita, 
Kan. 

Yount, E. W. (C), 602 Menor St., Win¬ 
field, Kan. 


McPhee, Alexander H. (B), P. O. Box 
No. 244, Coatesville, Pa. 


NOT IN SECTIONS 


Keeton, Cannon Lawrence, MS 1 C (C), 
c/o Fleet Post Office. &n Francisco, 
Calif. 

Lempke, Milford (C), Bovaird & Seyfang 
Mfg. Co., Bradford, Pa. 

MacFarlane, William Ian (B), MacFar- 
lane Engineering Co. Ltd., Netherlee 
Rd.. Cathcart, Glasgow 54, Scotland. 

Molins Andre’s (B), San Salvador, Cen¬ 
tral America. 

Schunck, Joseph J. (B), 1714 Chicago 
Ave., Box 3228. Orlando. Fla. 

WUson, C. G. (B). 4409 Druid Lane. Dal¬ 
las 5, Texas. 


Members Reclassified During Month 

of December 


CLEVELAND 

Barr, Glenn S. (from D to C), Avon Lake, 
Ohio. 

HARTFORD 

Koch, L. C. (from D to C), The Fafnir 
Bearing Co., New Britain, Conn. 

NEW JERSEY 

Albrifl^t, Albert R- (from D to C), 5 


Colin Kelly St., Cranford, N. J. 

NEW YORK 

Simons, Alexander (from D to C)r 625 
Howard Ave., Brooklyn, N. Y. 

PASCAGOULA 

Bowen, W. B. (from C to B). The Ingalls 
Shipbldg. Corp., P. O. Box 149, Pasca¬ 
goula, Miss. 


PHILADELPHIA 

Gorgas, F. Y. (from D to C), 4030 Hartel 
Ave., Philadelphia 36, Pa. 


NOT IN SECTIONS 


Brou|hhHii H. (from D to C), 325— 
9th St., Ashland, Ky. 

Kyler, Donald (from C to B), 1216 Leon¬ 
ard Ave., Elkhart, Ind. 


NEW BY-LAWS 

The Board of Directors at its meeting 
on December 15. 1944, adopted a revised 
set of By-Laws with all suggested re¬ 
visions incorporated. 

Article XX of the By-Laws—“Amend- 
ments"—specifies that after approval by 
the Board of Directors, amendments shall 
be considered temporary and then shall 
be published in Thb Welding Journal, 
and not less than SO days later shall be 
submitted to the membership for letter 
ballot. The amendments shall be adopted 
at the expiration of 60 days after mailing 
the ballots unless rejected by at least 20% 
of the voting membership. 

In accordance with the above require¬ 
ment, the By-Laws are published in this 
issue of the Joidinal. 


NAVAL ARCHTTECrS 

At the 52nd Annual Meeting of The 
Society of Naval Architects and Marine 
Engineers, Mr. William S. Newell was 
elected president of the Society for a term 
of two years, beginning January 1,1945. 


COVER GLASSES FOR WELDING 

SH IELD S 

IPCO Processed Cover Glasses are 
regular glasses (2 x 4Vs in.) that have been 
treated with a protective coating to guard 
against heat breakage and damage from 
metal spatter. 

They are completely covered on both 


sides with this tough, baked-on protective 
coating which will not pit, peel or rub off. 



Saving many minutes, per worker, each 
day, otherwise required in replacing broken 
or pitied glasses, their economy is soon 
proved. Welders say they outlast eight 
to fifteen ordinary glasses. For further 
information, write Industrial Products 
Co., 2820 N. Fourth St., Philadelphia 
33, Pa. 
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C ONSISTENT values of current and timing, so vital to uniform, high- 
quality, aluminum-alloy welds, are insured when your stored-energy 
welding machines are equipped with this G-E control. Experience proves 
that required welding energy is reduced and weld quality improved by the 
accurate forge-pressure timing provided by this control. 

Because of its low demand kva, this control permits the use of welders on 
distribution systems which, without it, might be overloaded. Also, because 
of its low demand on the line, which means less voltage drop, you can 
economically install your welding machines in the most favorable places 
on your production line, even though the machine may be 
some distance from incoming distribution transformers. 


Good voltage regulation, afforded by the low demand kva, 
also lessens the possibility of light flicker, and limits inter¬ 
ference with other welding equipment on the same circuit. 

The arrangement and accessibility of all parts of the 
control make it easy to install and service. 

BUY WAR BONDS 

GENERAL M ELECTRIC 


Want More Information? 


General Electric Company, Sec. L645-29 
Schenectady 5, N. Y. 

Please send a copy of your bulletin, "Capacitor-dis¬ 
charge control," No. GEA-3728, which describes the 
control, tells how it operates, and explains where it can 
be used most effectively. 

Name... 

Company....... 

AddreM...-... 


Photo Courioay l^ckhood Aircrmtt Corp. 

G-E CAPACITOR 
DISCHARGE CONTROL 


---It provides accurate forge- 
pressure timing for your stored- 
energy welding machines 


Dii 


by 


Googi: 


1945 


ADVERTISING 


191 
































NEW PRODUCTS 

The Society assumes no responsiHlity 
for the validity of in this Section 


sections are assembled in a jig, tack 
welded, and welding is completed with 
the truss in a vertical position. 

Because it is fabricated completely 
from rolled members which are simply cut 
to desired lengths, no splitting, blocking, 
slotting or chipping is necessary. The 
only raw cut edges are closed by the welds,' 
so that only the smooth, bard, rolled sur¬ 
faces are exposed which gives the truss a 
maximum of corrosion resistance. 


FACE SHIELD VISORS 

A new snap-fast shield, developed by 
exhaustive research to save lost time, 
makes possible visor replacement in 15 
seconds. Perforations in the visor fit 
snugly over small lugs. Spring clamps at 
each end hold the visor firmly in place. 
For release, a turn of the fingers snaps out 
the old visor, and a new one is quickly 
slipped into position. This feature is es¬ 
pecially desirable when face shields are 
used in flash welding, butt welding, spot 
welding, heavy grinding, and other 
operations. ■ 



The tough, noninflammable plastacele 
visor protects the head and neck. It fits 
snugly against the chest to prevent the 
entrance of flying particles from below. 
Quick adjustment means easy wearing for 
men and women. 

CESCO's new shields are available in 
four styles—including one with open top 
headgear, one with half crown headgear 
and another with helmet-like top and 
bottom guards. There is also a choice of 
two visor thicknesses. Complete in¬ 
formation is available from Chicago Eye 
Shield Co., 2300 Warren Blvd., Chicago 
12, Ill. 



These 50-Ft. Trusses, in Which The Austin Company's New Design Employing H-Sec- 
tions for All Memlwrs Was Used, Illustrate Their Clean-Cut Appearance and Simpli¬ 
city. Adaptability of Such Trusses to the Installation of Mraorails on the Lower 
Flanged of the Bottom Chord Is Made Apparent by the Preservation of the Full Beam 

Section from End to End 



Fabricating One of the New H-Trusses, Which Consist Entirely of Rc^ed H-beams, 
and I-Bea:^, Merely Cut to Length and Feibricated by Connecting Vertical and 
Diagonal Members to the Top Flange of the Beam Foriuixig the Bottom Chord, as 
Shown Here and to the Bottom Flange of the Top Chord 


WELDED TRUSSES 

The Atistin Co., engineers and builders, 
has adopted a new design for welded 
trusses of standard 50-, 60-, 70- and 80-ft. 
lengths, in which, for the first time, H-sec- 
tions with their webs in a vertical plane 
are used throughout without gusset plates. 

This truss is readily adaptable to dif¬ 
ferent loadings by simply changing the 
weights of the beams used for the various 
truss members, according to J. K. Gannett, 
Austin vice-president and director of en¬ 
gineering. By keeping the depths of the 


individual members constant, these vari¬ 
ations require no changes in shop details 
or fabricating jigs. 

As the top chord is a wide flange beam, 
it can carry purlins at a variety of spac- 
ings without regard to panel points, and is 
also adaptable to continuous uniform 
loading. Similarly, the bottom chord can 
carry loads at any point and can be used, 
itself as a monorail. 

A “natural” for welding, shop fabrica¬ 
tion on a dO-ft. truss requires a total of 41 
lineal ft. of fillet weld, all of which is ac¬ 
complished by down welding. The H- 

192 


In full-size load tests on two 50-ft. 
trusses of this new design made at the 
fabricating shops of The Austin Co. in 
Cleveland more than a year ago. failure 
occurred under a load which was 253% of 
the design load, at which time an end ver¬ 
tical buckled. Despite the distortion of 
the truss when it collapsed, not a single 
welded connection failed. 

The behavior of the truss under a heavy 
overload was impressive and is attributed 
in large part to the fact that the lines of 
action of all members lie in one plane, as 
well as to the concentricity and symmetry 
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MUREX 


MUREX 

WALL 


CHART 


A helpful guide to selecting the 
right Electrode for the job 


This new chart, just off the press, contains a complete list of 
Murex Electrodes divided into four groups for quick reference; 
mild steel, special steels, stainless steels and hard surfacing. 
Electrodes are described according to AWS'ASTM class. 
Color identification, recommended current strengths, polarity, 
and physical properties are also given. In addition, there are 
brief descriptions of the electrodes’ general characteristics and 
applications. 

The chart is 24" x 37", printed in four colors. 

Copies will be sent free to those who request them on their 
company letterhead. 

MHAL & THERMIT CORPORATION 


120 BROADWAY • NEW YORK 5, N.Y. 


Chicogo * Pittsburgh * Alberty 
So. Son Francisco • Toronto 
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Thu View Shows the Manner in Which the New H>Trusees Are Tested to Destruction. 
Failure Occurred by Bucklin 9 ol the Vertical Web-Member Seen on the Left, at a Time 
When the SujMr-Imposed Load Was 240,000 Lbs., Equal to 253% of the Design Load. 
In Spite of the Resulting Distortions, All the Welds Remained Intact 


of the end connections of the truss mem¬ 
bers. 

Following the tests, trusses conforming 
to the spans in widest use were designed 
and jigs set up for their manufacture. 


During the final quarter of 1944, trusses of 
this type were fabricated and shipped to 
plants in five widely separated localities, 
one of which involved an area of 100,fXX) 
sq. ft. 



The Spendid Performance of the Truasee o< 
This Design Under a Heavy Over-Load Is 
Credited to the Fact That ttie Lines ol Ac¬ 
tion ol All Members Lie in One Plane, as 
End Connections at Panel Points Are Not 
Only Concentric but Also Symmetrical. 

Experience in the field demonstrated 
that the new trusses are much stiffer than 
other welded trusses, and that they make 
steel erection work much safer. Struc¬ 
tural iron workers, for instance, found that 
they could work much more easily on both 
topandbottomchords. This was particu¬ 
larly true of the bottom chord, where 
the fiat upper fiange provides a safer and 
more comfortable surface than the cut 
vertical edge found in most trusses. The 
fiange not only provides an excellent walk¬ 
ing surface but also a good seat for men 
white working on bolted, riveted or 
welded connections. 


72 HARD FACING DEPOSITS ON ONE 
PIECE 

Fabrication of the inspection cages 
shown in Fig. 1 involved an interesting ap¬ 
plication of hard facing. Each of the 
cages will hold 24 cylindrical parts for in¬ 
spection. The body is made from a forged 
ring IT’A in. outside diameter, 13 in. in¬ 
side diameter and 3.2 in. thick. This ring 
is machined to the shape shown in Pig. 2, 
providing 24 equally spaced slots reamed 
on the top portion, and drilled below. 
These openings receive the parts to be in¬ 
spected. It is important to preserve the 
dimensions of these openings by prevent¬ 
ing wear and therefore a hard facing oper¬ 
ation was prescribed for the areas in¬ 
dicated by the heavy shading in Fig. 3. 
The hard facing w'as done with Stoodite 
No. 63, applied by gas welding. This 
alloy flows freely and forms a smooth de¬ 
posit which is extremely wear resistant, 
which characteristic determined its suit¬ 
ability for the particular purpose of main¬ 
taining the correct dimensions. The bot¬ 
tom of the cage was formed by welding 
on an annular disk cut to the shape shown 
in Fig. 4. The result of this construction 
is an inspection tool which made it possible 
to check dimensions of small parts very 
rapidly. 

Fig. 1—These Inspection Cages Were 
Machined from Steel Forgings and Hard 
Faced at Points of Wear 

Fig. 2—Top View Showing Shape of Cage, 
and Points of Application of Hard Facing 



Pholoi bytourteiy of C. E. Phiilips (y Co., DttroU, Mick. 


Fig. 3—Sketch of Section of Slot. Heavy Fig. 4—Bottom View After Stiffening Ring 
Axes Indicates Location of Hard Facing Has Been Welded in Place 

Deposits 
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his cenirifugally-cast bronze roller 
was found to have o defect. An over> 
lay of AmpcO'Trode 10 was deposit- 
over the section, machined to fin- 
size, and the piece salvaged. 


End plates and shafts were welded r 
to this bronze cylinder, saving consid 
erable machining time and expense.' 






COATED ALUMINUM BRONZE ELECTRODES 

save time and money by performing 2 tough jobs 


Safvagiiig defe€tlv0 castings 

Here is a typical example of reclaimiag 
costly bronze castings by overlaying the 
defective section with Ampco-Trode Coat¬ 
ed Aluminum Bronze Electrodes. These 
electrodes deposit weld metal comparable 
in strength, ductility, and hardness with 
the various grades of cast Ampco Metal 
— giving you a grain structure closely 
resembling the parent metal. You save 
casting time, machining time, and metal. 
Use this proved method of reclaiming 
bronze and similar castings. Ampco field 
engineers, located in principal cities, are 
happy to help you with your welding 
and fabricating problems. 


O ProWffing low-cost fabrication 

Another instance illustrating the savings 
that can be made with Ampco-Trode is 
the production of this cylindrical bronze 
roller with extended shaft. To eliminate 
the heavy cost of machining, the end 
plate and shaft were welded into posi¬ 
tion with Ampco-Trode 10, which in 
chemical and physical properties closely 
approaches the original casting. Five 
grades of Ampco-Trode are available to 
meet your specific needs. With tensile 
strength up to 100,000 psi and hardness 
to 300 Brinell, Ampco-Trode is recog¬ 
nized as i^eal for such purposes as illus¬ 
trated above and similar applications. 

w-ra 


AMPCO METAL, INC., Otpl. WJ.7. Milwauk** 4, Witconiin 

PIcait fnd Ampeo-Ttodt bullttl 
ond dolo on ororlaying end fab/UaHo 
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‘TC.e^ TO SUCCESSFUL 
UNDERWATER CUTTING 


Success of salvage and construction opera¬ 
tions ot Pearl Harbor, on the Normandie end 
in scores of liberated ports around the globe 
hove rested largely on the technique of under¬ 
water cutting ond welding that bid fair to play 
an important role In the peace-time world. 

As a pioneer in flame cutting and welding. 
Air Reduction has been in the forefront in the 
development of underwater cutting equip¬ 
ment. The Airco Style 9116 Underwater Cut¬ 
ting Torch is an exomple of Air Reduction's 
contribution to the success of these ventures. 

The torch is short—only 12 inches long — 
to reduce the "kick" when the cutting oxygen 
jet is released against surrounding water. It 
is furnished with either 75® or 90° head. 

The metal shield which sur¬ 
rounds the tip performs a dual 


function: 1. It provides o pocket for on "arti¬ 
ficial atmosphere" of compressed air which 
displaces any water around the cutting flames. 
(An extra hose connection Is provided on the 
torch forthe compressed air.) 2.The 'feet' on 
the end of the shield hold the cutting flames at 
the correct distance from the metal surface. 

This Airco torch, key to scores of "miracle" 
exploits of Navy and Seobee divers, ts now 
ovoilable for underwater salvage and con¬ 
struction jobs you may encounter. And the 
knowledge and experience of Airco's Applied 
Engineering Division are ot your call to insure 
the success of such jobs. 

You will find much of interest and value to 
that success in Airco's new publication. Under¬ 
water Cutting and Welding"* It's free. Moil the 
coupon todoy for your copy. 
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ARTICLE XVI 


Voting a'nd Proxy 


Audit and Finance 
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Publications 
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Responsibility for Statements. 
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Welding Research 


Parliamentary Rules. 
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By-Laws of the American Welding Society 


ARTICLE I 

Membership 

Section 1. Classes of Members. —The membership of 
the Society shall be divided into five classes: 

(a) Honorary Members 

(d) Sustaining Members 

(c) Members 

(d) Associate Members 

(c) Student Members 

who are defined and shall possess the qualifications pre¬ 
sented in Section 2 hereof. 

Section 2. Qualifications and Privileges .— (a) Hon¬ 
orary Members. An honorary member shall be a person 
of acknowledged eminence in the welding profession, or 
who may be accredited with exceptional accomplish¬ 
ments in the development of the welding art upon whom 
the American Welding Society may see fit to confer 
an honorary distinction. An Honorary Member shall 
have full rights of membership. There shall be at any one 
time not more than one Honorary Member for every five 
hundred members in the grades of Sustaining Member, 
Member and Associate Member. Not more than three 
(3) Honorary Members shall be elected in any one fiscal 
year. 

{b) Sustaining Members. A Sustaining Member shall 
be an individual designated by a Corporation, Firm or 
Partnership interested in the science and art of welding, 
with full rights of membership. 

(c) Members. A Member shall be an individual 
not less than 23 years of age, who shall have been for at 
least three years engaged in work having a direct bearing 
on the art or science of welding. Corporate Members of 
any major engineering society are also eligible for mem¬ 
bership. Members shall have full rights of member¬ 
ship. 

(d) Associate Members. An Associate Member shall 
be an individual interested in the art and practice of 
welding and allied processes. Associate Members shall 
have the right to vote but not to hold office except in Sec¬ 
tions as may be provided for by the By-Laws of the 
Section. 

(e) Student Members. A Student Member shall be 
an individual who is actually in attendance at a recog¬ 
nized College or University, taking a course leading to a 
degree. Student Members shall not have the right to 


vote or to hold office except in Student Chapters as may 
be provided for by the By-Laws of the Student Chapter. 
At the termination of the fiscal year of status as a stu¬ 
dent, affiliation as “Student Member" shall cease. 

Section 3. Corporate Members. —Members in Classes 
(a), (6), (c) and (d) shall be considered the Corporate 
Members of the Society. 


ARTICLE II 

Election of Members 

Section 1. Honorary Members. —Nominations for 
Honorary Membership may be submitted to the Board 
of Directors in writing, by any Corporate Member of the 
Society. Such nominations shall state the qualifications 
of the nominees for such membership. Honorary Mem¬ 
bers shall be elected by tmanimous vote of the Board of 
Directors, except that no member of the Board of Direc¬ 
tors shall vote upon his own admission. 

Section 2. Sustaining Members, Members and As¬ 
sociate Members. —Applications for admission in the 
Sustaining Member, Member or Associate Member 
grades shall be in writing signed by the applicant, on 
forms prescribed for that purpose. Such applications 
shall be presented either to the Secretary of ^e Section 
with which the applicant desires to affiliate or to the 
Secretary of the Society. An applicant shall affiliate 
with the Section in which he resides, unless he desires to 
affiliate with another Section in which his business is 
located. Applicants residing in territory adjacent to a 
Section may join the Section. All applications shall 
be approved by the Board of Directors of the Section 
with which the applicant seeks affiliation. Applicants 
not residing within the territory of a Section and who do 
not plan to affiliate with an adjoining Section or with a 
Section due to business location mentioned above, are 
not subject to Section approval. All applications finally 
shall be approved by the Committee on Admissions. 

Section 3. Student Members. —Applications for ad¬ 
mission as a Student Member shall be in writing signed 
by the applicant, on forms prescribed for that purpose. 
If the applicant is in attendance at a college at which 
there is a Student Chapter such application shall be 
presented to, and approved by, the Faculty Adviser to 
the Student Chapter. Applicants in attendance at a 
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college where there is no Student Chapter, but who re¬ 
side within the bounds of a Section, may choose to affili¬ 
ate with such Section. In such case the application may 
be presented either to the Secretary of the Section or to 
the Secretary of the Society. All such applications shall 
be approved by the Board of Directors of the above- 
mentioned Section. Applicants who do not plan to 
affiliate with a Section, as permitted above, are not sub¬ 
ject to Section approval. All applications finally shall 
be approved by the Committee on Admissions. 

Section 4. Change of Grade of Membership. —Any 
member, other than Honorary Member, who desires to 
chan^ his grade of membership, shall make application 
in writing therefor to the Secretary of the Society. Such 
application shall be passed upon by the Co mmi ttee on 
Achnissions. 

Section 5. Change of Section Affiliation. —A Cor¬ 
porate Member, in good standing, who desires to transfer 
affiliation from one Section to another, as permitted in 
Article V, Section 5, shall make application therefor to 
the new Section. Such application shall be passed 
upon in like manner as an application for membership. 
A Corporate Member, in good standing, who changes his 
residence from the territory of one Section to that of 
another Section shall automatically be transferred to 
the Section to which he moves, unless the member makes 
application for membership in a different Section, as 
permitted in Article V,‘ Section 5. 


ARTICLE III 

Resignation and Expulsion of Members 

Section 1. Resignation of Members. —A member in 
good standing may tender his resignation from member¬ 
ship by filing with the Secretary written notice of his 
intention to resign. Such application shall be passed 
upon by the Committee on Admissions. If the applica¬ 
tion is granted, no dues paid by the applicant for less 
than one year in advance of the date of resignation shall 
be remitted to the applicant. 

Section 2. Ex^sion of Members. —Recommenda¬ 
tion may be made to the Board of Directors for the 
expulsion of any member alleged to be guilty of conduct 
inimical to the welfare of the Society. Such recom¬ 
mendation shall be in writing and signed by ten or more 
corporate members in good standing, stating specific 
reasons therefor. If the Board decides that sufficient 
charges have been presented to warrant expulsion, they 
shall notify the accused of the charges presented against 
him, by mailing a communication to his latest address 
as it appears in the records of the Society. He shall 
then have the right to present a written defense, and to 
appear for trial, in person or by duly authorized repre¬ 
sentative, before a meeting of the Board of Directors, 
of which meeting he shall 1^ notified at least thirty days 
in advance. Not less than two months nor more than 
four months after such meeting, the Board of Directors 
shall finally consider the case, and if in their opinion the 
charges have been sustained, the accused may be ex- 
pell^ or suspended for such period as the Board may 
determine, or he may be permitted to resign. 

Section 3. Nonpayment of Dues. —Any member 
whose dues to the Society shall remain unpaid for a 
period of six months after the beginning of the fiscal 
year, shall be duly notified by the Secretary by letter 
-directed to the latest post office address as it appears 
on the records of the Society, stating that if such dues 
are not paid within a period of one month, he shall auto¬ 
matically cease to be a member of the Society. 


ARTICLE IV 

Dues and Fees 

Section 1. Amount of Dues. —The Annual Dues shall 
be as follows: 


Honorary Members. None 

Sustaining Members. $100.00 

Members. 15.00 

Associate Members. 10.00 

Student Members. 2.50 


Section 2. To Whom Payable. — All dues shall be 
paid to the American Welding Society, at the head¬ 
quarters office. 

Section 3. Date of Payment. —The date for the 
payment of dues shall ^ September 1st. All dues shdl 
be payable annually in advance except in the case of new 
members as provided in the following paragraph. 

New members shall, at the time of election, pay an 
amount equal to full annual dues. At the beginning of 
the next fiscal year a pro rata allowance on a montiily 
basis shall be made for such advance payment. 

Section 4. Cancelled Dues. —^Any Member or As¬ 
sociate Member who shall have paid his dues for thirty- 
five (35) years, or who having paid his dues for thirty 
(30) years and having reached the age of sixty-five (65) 
years, shall thereafter be exempt from the payment of 
further dues, except that the number of years for which 
dues were paid as an Associate Member shall be reckoned 
as nine-tenths (®/to) of their number in the above provi¬ 
sions. 

(Student Membership years not included.) 

Section 5. Remission of Dues. —The Board of 
Directors may remit the dues of any member for any 
special reason. 

Section 6. Initiation Fees. —There shall be no initia¬ 
tion fees. 

Section 7. Additional Funds. —Funds in excess of 
those provided by the annual dues, which may be needed 
for research and other work, shall be secured by volun¬ 
tary subscriptions to be solicited from the members, or 
from others specially interested. Such solicitation for 
additional funds shall be made only with the approval 
of the Board of Directors. 


ARTICLE V 

Section Organization 

Section 1. Formation of a Section and Name .— 
The American Welding Society, in pursuance of the 
objects set forth in its Constitution, provides for the 
formation of Sections. The name of a Section shall be 
“The - Section of the American Welding So¬ 

ciety.” 

Section 2. Minimum Section Membership. —Not 
fewer than twenty-five (25) members or eligible ap¬ 
plicants for membership in the American Welding 
Society, in the Sustaining Member, Member and Associ¬ 
ate Member grades may apply for authorization for the 
organization of a Section. 

Section 3. Section Organization Approval .— ^The 
Board of Directors shall approve the formation of a Sec¬ 
tion. 

Section 4. Bounds of Section. —The Board of Direc¬ 
tors shall establish the bounds of each Section. The 
bounds of a Section shall be established on the basis of 
transportation facilities to the place of meeting. Seldom 
shall the bounds extend beyond one hundred (100) 
miles from the headquarters or place of meeting of the 
Section. 
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Section 5. Membership. —(a) All Corporate Mem- 
bers^esiding within the bounds of a Section, except those 
who have joined another Section due to business reasons, 
and all others who have joined the Section as permitted 
in Article II, Section 2, shall be members of the Section. 

(6) Student Members residing within the bounds of a 
Section and attending a college where there is no Student 
Chapter may apply for membership in the Section. See 
Article II, S^tion 3. 

(c) In general, the only Corporate Members who may 
join a Section are those residing within the bounds of the 
Section, or those residing in the territory adjacent to the 
Section, or those whose business is located within the 
territory of the Section. Sec Article II, Section 2. 

(d) A Member may belong to one Section only. 

Section 6. Requirements of an Active Section. —No 

Section shall be considered active unless it bolds at least 
three meetings during a calendar year, and has a total 
paid membership of twenty-five (25) enrolled in the 
Sustaining Member, Member and Associate Member 
grades. When Sections fail to comply with the above 
requirements, the National Secretary shall report such 
facts to the National Board of Directors which shall 
act upon each case in accord with its merits. 

Section 7. Refund to a Section. —Each active Section 
shall receive from the Society at the beginning of each 
fiscal year (October 1st) $100.00 and at the beginning of 
each quarter of the fiscal year 20% of the sum collected 
in dues diuing the preceding quarter from those of its 
members who are in the gr^es of Sustaining Member, 
Member and Associate Member, provided that each 
newly organized Section shall receive $100.00 on date of 
acceptance of organization and provided further that on 
the following October 1st each such newly organized 
Section shall receive $100.00 less over-payment pro¬ 
rated on a monthly basis for the first fiscal year. At 
the time of organization of a new Section, returns shall 
be made on the annual dues of members newly enrolled 
in the Society during the six prior months to the date of 
organization of the Section, unless refund has been paid 
to another Section for such members. Refimds shall be 
paid to the Section with which each member is aflBliated 
at the time when refund payments are due. 

Section 8. Solicitation of Contributions. —Sections 
may solicit contributions from members or others only 
within limits approved by the National Board of Direc¬ 
tors. 

Section 9. Reports to the Society. —(a) The Section 
Secretary, or such other person as he shall designate, 
shall submit a report in writing of each meeting of the 
Section to the Secretary of the Society with copy to the 
District Vice-President, which shall show the attendance 
of members and guests, business transacted at the meet¬ 
ing, including papers and discussions presented thereat, 
and any other matters which the Section shall deem of 
interest to the Society. The Section Secretary shall 
also make an annual report to the Secretary of the So¬ 
ciety, with copy to the District Vice-President. 

(b) The S^tion Treasurer shall make an annual re¬ 
port to the Secretary of the Society with copy to the 
District Vice-President. Such report shall give a com¬ 
plete record of the finances of the Section, showing the 
amounts received and expended and the sources and 
purposes thereof in detail. The Section Treasurer shall 
also file such other reports of the financial condition 
of the Section at such other times as may be requested 
by the Board of Directors. 

Section 10. Section Affiliates. —Sections may take 
into their membership “Aflaliates of Sections,” who are 
not members of the Society. The annual dues for an 
‘‘Affiliate” shall be established by the Section, but shall 
not exceed $5.00. Affiliates shall have no rights or 


privileges of membership in the Society, except to at¬ 
tend and participate in S^tion meetings according to the 
By-Laws of the Section. 

Section 11. Publication of Section Papers. —Any 
address or paper presented before a Section may be of¬ 
fered for publication in The Welding Journal under 
the gener^ provisions established for this procedure. 

Section 12. Section By-Laws. The By-Laws of a 
Section shall not conflict with any provisions of the 
Constitution or By-Laws of the American Welding 
Society. (Outline of recommended By-Laws for a 
Section may be procured from the Sectary of the 
Society). 

Section 13. Disbanded Sections. —When a Section 
ceases to function the Section Treasurer shall return 
to the Society all remaining ftmds. 


ARTICLE VI 

District Organization 

Section'll Geographical Districts. —There shall 
be seven Districts known as No. 1—The New York and 
New England, No. 2—The Mid-Eastern, No. 3—The 
Southern, No. 4—The Central, No. 5—The Mid-West¬ 
ern, No. 6—The Mid-Southern, and No. 7—The West¬ 
ern, Districts, the botmdaries of which shall be deter¬ 
mined by the Board of Directors. 

Section 2. Minimum Number of Sections. —No Dis¬ 
trict shall be considered as “operative” unless it contains 
at least three active Sections. 

Section 3. District Affiliation. —Should the territory 
of any Section lie in more than one District as defined 
above, then the entire territory of said Section shall be 
considered as belonging to the District in which the 
headquarters of the Section is located. 

Se(^on 4. District Executive Committee. —To facili¬ 
tate cooperation between the Sections, there shall be an 
Executive Committee in each District which shall con¬ 
sist of the District Vice-President as Chairman and each 
Section Chairman within that District. 

Section 5. District Conventions. —District conven¬ 
tions may be held subject to the approval of the National 
Board of Directors in each instance. They shall be held 
under the supervision of the District Executive Com¬ 
mittee. The District Vice-President with the approval 
of the District Executive Committee shall appoint a 
local Convention Committee, which shall have, subject 
to the approval of the District Vice-President, full author¬ 
ity and responsibility for organizing and conducting the 
Convention in all its details including the selection of 
papers, the arrangement of sessions and the entertain¬ 
ment features. The Secretary of the Society shall fur¬ 
nish for the guidance of the local Convention Committee 
an OutUne of Procedure. 

All technical papers included in the program shall be 
submitted for consideration for publication in Thb 
Welding Journal of the American Welding Society. 
The Local Convention Committee shall furnish a copy of 
the proposed program to the Society’s Convention Com¬ 
mittee and al^ a budget and a statement of plans for 
raising ftmds for the consideration of the Society’s 
Finance Committee. Upon request of the Local Con¬ 
vention Committee, the Society’s Program, Publicity, 
Manufacturers, and Convention Committees shall co¬ 
operate fully in arranging for the District Meeting. 

Section 6. District Nominations. —Before March 1st 
of the years when a District Vice-President is due for 
election, the District Vice-President, with the approval 
of the District Executive Committee, shall appoint a 
Nominating Committee consisting of a memb^ from 
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Th6 Nelson Stud Welder is simple to use. All welding is 
automatically controlled. The tool is completely portable, or may 
be operated from a fixed jig. 


For complete details, prices and catalog, tirite: 


if Complete fusion results between 
stud ond metal. 


if No drilling holes, or hand-welding 
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Studs accurately located. 


if One operator can weld more than 
1000 studs a shift. No previous 
welding experience is necessary. 


if Thousands of guns are now in use 
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industrial plants. 
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each Section in the District. The Nominating Com¬ 
mittee shall report to the National Secretary not later 
than the 10th day of May of that year, the name of the 
nominee they have selected for Vice-President, together 
with the written acceptance of the nominee included in 
the report. 

Independent nominations may be made by petition of 
twenty-five (25) or more qualifi^ voters, sent to the Na¬ 
tional Secretary not later than July 1st; such petitions 
for the nomination of District Vice-Presidents shall be 
signed only by qualified voters within the District con¬ 
cerned. (See Airicle IX, Section 1.) 

Each year the National Ballot for Nomination of Of¬ 
ficers shall include the names of the District Vice-Presi¬ 
dents nominated by the District Nominating Commit¬ 
tees and names of nominees nominated by petition in 
accordance with provision above. 

Only District members, qualified to vote, shall be 
eligible to vote for District Vice-Presidents. 

Section 7. Vacancies. —The Executive Committee of 
each District shall have the power to fill a vacancy in the 
office of Vice-President of that District for an unexpired 
term whenever such vacancy occurs. 


ARTICLE VII 

Student Chapters 

Section 1 . Formation of a Student Chapter and Name. 
—A Student Chapter in affiliation with the American 
Welding Society, composed of students of schools of en¬ 
gineering of recognized reputation, may be organized 
upon favorable vote by the Board of Directors. Author¬ 
ity for the oi^anization of a Student Chapter at any 
institution shaU automatically lapse if not used within 
one year from the date granted. The name of such an 

affiliated society shall be "The-Student Chapter 

of the American Welding Society.” 

Section 2. Application to Organize a Student Chapter. 
—Applications for the establishment of Student Chapters 
in the American Welding Society shall be made to the 
Board of Directors. 

Section 3. Qualifications. —The qualifications re¬ 
quired of a proposed Student Chapter shall include; 

(a) An organization of students in an engineering 
school of approved standing. 

(5) The endorsement of the application by the head 
of one of the Engineering Departments of the school. 

(c) A minimum membership of 15 student members 
or eligible applicants for student membership in the 
American Welding Society. 

(</) A Faculty Adviser to the Student Chapter whose 
duties shall be to consult with and advise the Student 
Chapter on matters relating to the general conduct of the 
Chapter. The Faculty Adviser shall be a Corporate 
Member of the Society and shall be a member of the 
faculty of the engineering school at which the Student 
Chapter is organized. 

Section 4. — Membership. —All Student Members at¬ 
tending a school at which there is a Student Chapter 
shall be members of the Student Chapter. 

Section 5. Refund to a Student Chapter. —Each active 
Student Chapter shall receive from the Society at the 
beginning of each academic year $25.00 to be used for 
expenses in promoting the activities of the Chapter. 

Section 6. Reports to the Society. —Each Student 
Chapter shall submit to the Board of Directors an annual 
report not later than the end of each academic year, 
which shall include: 

(a) A summary statement of the meetings held dur¬ 
ing the academic year; giving date of each, the attend- 
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ance, the principal speaker and his subject and other 
pertinent i^ormation. 

(6) Names of the officers and the members by classes, 
at the date of the report. 

Section 7. Publication of Papers. —Any address or 
paper presented before a Student Chapter may be of¬ 
fered for publication in The Welding Journal under the 
general provisions established for this procedure. 

Section 8. Student Chapter By-Laws. —The By-Laws 
of a Student Chapter shall not conflict with any provi¬ 
sions of the Constitution or By-Laws of the American 
Welding Society. (Outline of recommended By-Laws 
for a Student Chapter may be procured from the Secre¬ 
tary of the Society.) 

Section 9. Disbanded Student Chapters. —A Student 
Chapter may be disbanded upon the approval of the 
Board of Directors, if it becomes inactive or if its con¬ 
tinuance is considered not for the best interest of the 
Society. No Student Chapter shall be considered active 
unless it holds at least three meetings during the academic 
year. When a Student Chapter ceases to function the 
Chapter Treasurer shall return all remaining funds to the 
Society. 


ARTICLE VIII 

Officers and Terms of Office 

Section 1. List of Offiicers. —The Officers of the So¬ 
ciety shall be a President, a First Vice-President, a 
Second Vice-President, seven District Vice-Presidents, a 
Secretary, a Treasurer, three latest Past-Presidents, if 
living and continuing to be members, twelve Directors- 
at-L^ge and Honorary Directors. 

Section 2. President. —The President shall be elected 
by the Society for a term of one year and may be re¬ 
elected, at any time, for a second term of one year, but in 
no case shall he serve in this capacity for more than two 
terms. 

Section 3. Vice-Presidents. —A First Vice-President 
and a Second Vice-President shall be elected by the 
Society for a terra of one year and each may be re¬ 
elected, at any time, for a second term of one year, but in 
no case shall either serve in the same capacity for more 
than two terms. 

Section 4. District Vice-Presidents. —The District 
Vice-Presidents shall be elected by their Districts for a 
period of two years and each may be re-elected, at any 
time, for a second term of two years, but in no case shall 
he serve in this capacity for more than two terms. The 
odd-numbered Districts, viz., (1) New York and New 
England, (3) Southern, (5) Mid-Western and (7) West¬ 
ern, shall elect their Vice-Presidents during odd-num¬ 
bered calendar years. The even-numbered Districts, 
viz., (2) Mid-Eastern, (4) Central and (6) Mid-South¬ 
ern, shall elect their Vice-Presidents during even-num¬ 
bered calendar years. (In order to make this plan opera¬ 
tive, in the year 1945 the Mid-Eastern, Central and 
Mid-Southern Districts shall elect their Vice-President 
for a term of one year, and the other Districts for a term 
of two years.) 

Section 5. Treasurer. —A Treasurer shall be elected 
by the Society for a terra of three years and is eligible for 
re-election. 

Section 6. Directors-at-Large. —The Directors-at- 
Large shall be selected by the Nominating Committee 
with due consideration to geographical distribution. 
Each year, four Directors-at-Large shall be elected to 
serve for a period of three years. Directors shall not be 
eligible for re-election to the same office until at least 
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WHERE WELDS MUST BE RIGHT-Industry Depends Upon X-Ray 


Penstocks fabricated by Babcock and 
WUcox and installed in mighty Boulder 
Dam are subjected to a working head of 
water resulting in terrific pressures. To 
insure the ability of these great penstocks 
to withstand the angry waters of the 
Colorado River every welded seam had to 
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industrial need—shockproof and climate- 
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will pay for itself many times over in time 
and materials saved. 

To get full informalion aboul the G-E Indue- 
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one full term of three years shall have elapsed after the 
end of their respective terms. 

Section 7. Honorary Directors. —Honorary Directors 
shall be persons of acknowl^ged eminence in the welding 
profession, or who may be accredited with exception^ 
accomplishments in the development of the welding art 
who have rendered exceptional service to the American 
Welding Society, upon whom the Society may see fit 
to confer an honorary distinction. An Honorary Direc¬ 
tor shall have the same rights and privileges as other 
members of the Board of Directors. The total number 
of Honorary Directors shall not exceed three (3) at any 
one time, and not more than one Honorary Director 
shall be elected in any one fiscal year. 

Section 8. Secretary. —A Secretary shall be ap¬ 
pointed by the Board of Directors for a term of one year. 

Section 9. A ssistant Secretary. —The Board of Direc¬ 
tors may appoint an Assistant Secretary for a term of one 
year. 

Section 10. Assistant Treasurer. —The Board of 
Directors may appoint an Assistant Treasurer for a term 
of one year. 

ARTICLE IX 

Nomination and Election of Officers 

Section 1. Nominations. —Nominations for officers 
except Honorary Directors and Secretary, shall proceed 
as follows: 

(fl) Nominations for District Vice-Presidents shall be 
made by the District Nominating Committees. See 
Article VI, Section 6. The Nation^ Nominating Com¬ 
mittee shall select nominees for the other offices falling 
vacant. See Article XII, Section 7. The names of the 
nominees for each office shall be published in the June 
issue of The Welding Journal of the American 
Welding Society. 

(b) The Secretary shall mail, on or before the first 
day of June of each year, to each member entitled to 
vote, a notice that nominations for officers must reach 
the Secretary not later than the first day of July. This 
notice shall, outline the vacancies of elective offices 
that shall be filled at the next regular election and request 
nominations for such offices. This notice shall contain a 
copy of this Section and the list of nominees recom¬ 
mended by the National and District Nominating Com¬ 
mittees and information that no name shall appear on the 
final voting ballot unless proposed by at least twenty-five 
(25) qualified Corporate Members. This notice shall also 
contain the names of the members of the National 
Nominating Committee. 

(c) The nomination ballots must be placed in a plain 
envelope and sealed; then inserted in a second envelope 
and sealed. The voter shall then sign his name thereon 
in ink and mail it to the Secretary. The Secretary shall 
certify to the competence and signature of all voters re¬ 
turning endorsed nomination bahots and shall then de¬ 
liver them unopened to the National Nominating Com¬ 
mittee. 

A nomination ballot without autographic endorse¬ 
ment of the voter written on the outside envelope shall be 
considered defective and shall not be canvassed by the 
Nominating Committee. The Nominating Committee 
shall first open and destroy the outer envelopes of all 
properly endorsed ballots, and shall then open the inner 
envelopes, canvass the b^ots and certify the results to 
the Secretary. If no nominations, other than those 
proposed by the Nominating Committees, are made by 
twenty-five (25) qualified members, then the Secretary 
shall treat the nomination ballots as Election Ballots 


and shall cast the ballot for the election of the candi¬ 
dates so nominated. 

Section 2. Election. —(a) If a member, not i^o- 
p>osed by the Nominating Committees, is duly nominated 
as provided for in Section 1 of this Article, then the 
Secretary shall mail, on or before the 15th day of July 
of that year, to each member entitled to vote, a ballot 
stating ^e names of the candidates for the several offices 
falling vacant and the time for the closure of the voting. 

The ballot sheet shall list the names of the candi¬ 
dates proposed by the Nominating Committees and the 
respective offices for which they are candidates and the 
names of candidates nominated by letter ballot as pro¬ 
vided in Section 1 Paragraphs (5) and (c) of this Article. 
Candidates selected by the Nominating Committees 
shall be identified by an asterisk. 

(b) The voter shall prepare his ballot by means of a 
cross placed opposite ^e name of each candidate fcM* 
whom he wishes to vote. The voter shall enclose said 
ballot in a plain envelope and seal same. He shall then 
enclose the sealed envelope in a second envelope marked 
‘‘Ballot for Officers," seal same and sign his name thereon 
in ink, for identification and mail it to the Secretary. 
The Secretary shall certify to the competence and signa¬ 
ture of all voters and sh^ then deliver them unopened 
to the Tellers of Election. 

A ballot without the autographic endorsement of the 
voter written on the outside envelope shall be considered 
defective and shall be rejected by the Tellers of Election. 
A ballot which has choice indicated for more names 
than there are offices to be filled shall be considered de¬ 
fective and shall be rejected by the Tellers. 

Section 3. Closing Date for Election. —The voting 
for the election of officers shall close at 1 o’clock in the 
afternoon on the last Thursday in August of each year. 
The Tellers shall not receive any ballots after the stated 
time for the closure of the voting. 

The Tellers of Election shall first open and destroy 
the outer envelopes and shall then open the inner en¬ 
velopes, canvass the ballots and certify the results to 
the Seaetary. The candidates having the greatest 
number of votes for their respective offices, shall be con¬ 
sidered elected for the ensuing year. 

Section 4. Tie Votes. —In case of a tie in the vote for 
any office, the President shall cast the deciding vote. 

Section 5. Announcement of Election. —The names 
of the Elected Officers shall be announced by the Presid¬ 
ing Officer at the Annual Meeting of the Soaety, if such 
is held, and shall be published in the October issue of 
The Welding Journal. 

Section 6. Date to Assume Office. —The term of all 
Elected Officers shall begin on the adjournment of the 
Annual Meeting of the Society. If no Annual Meeting 
is held, the new officers shall take office on October 1st. 
Officers shall continue in their respective offices until 
their successors have been elected and qualified. 

Section 7. Tellers of Election —When more than one 
candidate is nominated for any office, thus requiring an 
election, the President shall, on or before the last Thurs¬ 
day in August appoint three (3) Tellers of Election whose 
duty shall be to canvass the votes cast and certify the 
same to the Secretary and to the President or the Presid¬ 
ing Officer, at the Annual Meeting. Their term of office 
shall expire when their report of the canvass has been 
presented and accepted. 

Section 8. Honorary Directors. —Nominations for 
Honorary Directorship may be submitted to the Board of 
Directors in writing, by any Corporate Member of the 
Society. Such nominations shall state the qualifications 
of the nominee for this office. Honorary Directors shall 
be elected by unanimous vote of the Board of Directors, 
except that no member of the Board of Directors shall 
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vote upon his own admission. They shall hold office 
for life or until removed from office by majority vote of 
the Board of Directors. 


ARTICLE X 

Management 

Section 1. Board of Directors .—The affairs of the 
Society shall be managed by a Board of Directors con¬ 
sisting of the President, the First and Second Vice- 
Presidents, the seven District Vice-Presidents, the three 
latest Past-Presidents, if living and continuing to be 
members, the Treasurer, twelve Directors-at-Large and 
Honorary Directors. 

Section 2. Duties of Board of Directors .—The Board 
of Directors shall have the power: 

(a) To manage the affairs of the Society, except as 
otherwise provided by law, or by these By-Laws. 

(^») To purchase or otherwise acquire for the Society 
any property rights and .privileges which the Society 
is authorized to acquire, or to dispose of such, at such 
prices and on such terms and conditions and for such con¬ 
siderations as they think ht. 

(c) To appoint Executive Officers and fix their 
salaries. 

id) To determine who shall be authorized to sign, on 
behalf of the Society, notes, receipts, acceptances, en¬ 
dorsements, checks, releases, any and all contracts and 
other documents, and shall make such authorization. 

(c) To perform such other acts as may be necessary 
to carry out the purpose of the Society. 

Section 3. Vacancies in Board of Directors .—In each 
c^ of vacancy occurring in the Board of Directors 
through death, resignation, disqualification or other 
cause, the remaining Directors, by letter ballot, may elect, 
or appoint a successor to hold office for the unexpired por¬ 
tion of the term of the retiring Director; and in the 
event that a quorum of the Board of Directors does not 
exist, the 'affirmative vote of a majority of the remaining 
Directors shall become effective. However, if the re¬ 
tiring Director is a District Vice-President then the va¬ 
cancy shall be filled as provided in Article VI Section 7. 
H Section 4. Duties of President .—The President shall 
have general supervision of the affairs of the Society, 
under the direction of the Board of Directors. He shall 
preside at the meetings of the Society, of the Executive 
Committee and of the Board of Directors, at which he 
may be present, and shall be ex-officio a member of all 
committees. He shall submit a report of the operations 
of the Society for the fiscal year to the Board of Directors 
at their last regular meeting preceding the Annual Meet¬ 
ing and to the members at the Annual Meeting. 

Section 5. Duties of First and Second Vice-Presidents. 
—The First and Second Vice-Presidents, in order of 
seniority, in the absence or disability of the President, 
shall preside at meetings of the Society, of the Executive 
Committee and of the Board of Directors, and discharge 
his duties. 

Section 6. Duties of District Vice-Presidents .— 
The District Vice-President shall be the official repre¬ 
sentative of the Society in his District. He shall have 
the following duties: 

(a) To supervise and promote the affairs of the So¬ 
ciety in his District under the direction of the National 
President and the National Board of Directors. 

(b) To visit the Sections in his District at least once 
each year, if at all possible. 

(c) To assist in the organization of new sections in 
his District. 


(d) To represent his District as a member of the 
Section Advisory Committee. 

(e) To serve as Chairman of the District Executive 
Committee. 

if) To serve as a member of the National Board of 
Directors. 

(g) To render an annual report to the National Board 
of Directors covering the condition of each Section 
within his District. 

Section 7. Duties of Secretary. — (a) The Secretary 
shall be, under the direction of the President and the 
Board of Directors, the Chief Executive Officer of the 
Society. 

(b) The Secretary shall be expected to attend all 
meetings of the Society, of the Executive Committee and 
of the Board of Directors; prepare the business therefor, 
and duly record the proceedings thereof. 

(c) The Secretary shall see that all moneys due the 
Society are carefully collected, and without loss trans¬ 
ferred to the custody of the Treasurer. 

(d) The Secretary shall carefully scrutinize all ex¬ 
penditures and exert every effort to secure economy 
in the administration of the Society and shall personally 
certify the accuracy of all bills or vouchers on whicih 
money is to be paid. 

(e) The Setretary shall have charge of the books of 
account of the Society and shall furnish monthly to the 
Treasurer a statement of receipts and expenditures 
under their several headings, and also a statement of 
monthly balances, and shall fiunish from time to time 
such other statements as may be required. 

if) The Secretary shall conduct the official corre¬ 
spondence of the Society and keep full records thereof. 

(g) The Secretary shall have charge of the Society’s 
rooms and all property of the Society. 

(h) The Secretary shall engage such employees as 
may be authorized and shall be responsible for the work 
of all employees of the Society. 

(t) The Secretary shall perform all other duties 
which may, from time to time, be assigned by the Board 
of Directors. 

(j) The Secretary shall devote the entire time of 
employment to the affairs of the Society unless otherwise 
authorized by the Board of Directors. 

(k) The Secretary shall give the Society a bond in a 
sum, and with one or more securities as required by, and 
satisfactory to, the Board of Directors for the faithful 
performance of the duties of this office, and the restora¬ 
tion to the Society in the case of death, resignation or 
removal from office of the Secretary, of all books, papers, 
vouchers, money or other property of whatever kind in the 
possession of the Secretary, belonging to the Society. The 
cost of the bond shall be borne by the Society. 

Section 8. Duties of Treasurer. — {a) The Treasurer 
shall receive all moneys and deposit the same, to the 
credit of the Society, in such depositories as may be 
designated by the Board of Directors. 

(6) The Treasurer shall disburse the funds of the 
Sodety as may be ordered by the Board of Directors, 
taking the proper vouchers to such disbursements. 

(c) The Treasurer shall furnish, at regular intervals, 
to the Board of Directors a statement of receipts and 
expenditures under their several headings and also a 
statement of monthly balances. He shall make an 
annual report and such other reports as may be pre¬ 
scribed by the Board of Directors. The annual report 
shall be certified by a competent public accountant 
selected by the Board of Directors. 

id) The Treasurer shall give the Society a bond in a 
sum and with one or more securities as required by, and 
satisfactory to, the Board of Directors for the faithful 
performance of the duties of his office and the restora- 

FEBRUARY 


206 


THE WELDING JOURNAL 

Digitized by 


Google 




McKAY E-973 

WELDING ELECTRODE 

'Nt'-®*"® N'®" ®A«B0N and 


w you can have a better welding electrode . . . one 
t lasts longer and is easier to apply . . . for building 
or otherwise welding high carbon and/or high 
Qganese steels! 

IcKAY £>973 is specially made for the job. The 
Id metal will not cross check or crack under the 
K>$it. Although soft in the "as welded" state, it 
rk hardens rapidly . . . permitting heavy pads to be 
It up without danger of mushing down, cracking 
se, spalling or flaking when subjected to constant 


wear and service. Exceptionally smooth flowing prop' 
erties make it unusually easy to apply. It does not 
require pre-heating or frequent delay for peening. 

McKAY £-973 is the result of intensive research 
and service testing. It was specially developed for 
railway use but has wide application in other indus¬ 
tries where welding of comparable steel is involved 
. . . effective demonstration of the McKAY policy of 
manufacturing electrodes to meet specific needs. 

Write today for full information. 



1945 


ADVERTISINO 


Diniti’nd by LnOOQlC 


207 







ARTICLE XII 


tion to the Society in the case of his death, resignation or 
removal from office of all books, papers, vouchers, money 
or other property of whatever kind in his possession be¬ 
longing to the Society. The cost of the bond shall be 
borne by the Society. 

Section 9. Duties of Assistant Secretary. —The Assist¬ 
ant Secretary in the absence or disability of the Secre¬ 
tary shall act instead of the Secretary. 

Section 10.— Duties of Assistant Treasurer. —The 
Assistant Treasurer in the absence or disability of the 
Treasurer shall act instead of the Treasurer. 


ARTICLE XI 

Meetings, Quorums, Exhibits and Notices 

Section 1. Annual Meeting. —The Society shall hold 
an Annual Meeting each year, (unless prevented by 
governmental restrictions), at such time between Sep¬ 
tember 1st and October 31st, and at such place as the 
Board of Directors may designate. 

Section 2. Special Meetings. —Special meetings of 
the Society may be called at any time by the Board of 
Directors. 

Section 3. Board of Directors. —Meetings of the 
Board of Directors shall be held at the call of the Presi¬ 
dent. 

Section 4. Notice of Meetings. —Notices of all meet¬ 
ings of the Society shall be mailed to the members at 
least 30 days prior to the date of such meeting, and to the 
Board of Directors at least two weeks prior to the date 
of their meeting, and ^all designate the time and place 
of the meeting and the principal business to come before 
it. 

Section 5. Quorum at Meetings. —Twenty (20) mem¬ 
bers, entitled to vote, shall constitute a quorum at meet¬ 
ings of the Society and ten (10) Directors shall constitute 
a quorum at meetings of the Board of Directors. 

Section 6. Organization of Annual Meeting .— ^The 
Society’s Convention Committee shall plan and make 
arrangements and correlate activities, in connection 
with Annual Meetings in cooperation with the Program, 
Publicity and Manufacturers Committees. The Chair¬ 
man of the Section where the meeting is to be held, or 
someone else designated by that Section, shall be ap¬ 
pointed Vice-Chairman of the Society’s Convention Com¬ 
mittee. In making local arrangements for the Annual 
Meeting, the local convention committee shall be guided 
by an Outline of Procedure, furnished by the Sonety’s 
Secretary. The Society’s Secretary, in consultation 
with the Treasurer, and the Chairmen of the Convention, 
Program, Publicity, and Manufacturers Committee, 
shall prepare a budget and submit it to the Finance and 
Executive Committees for approval. A copy of this 
budget shall be submitted to each member of the So¬ 
ciety’s Convention Committee for guidance. 

Section 7. Exhibits. —The Society may also, in con¬ 
nection with the Annual Meeting or otherwise, hold an 
exhibit if the Board of Directors shall so determine. 
After approval of the Board of Directors, the Chairman 
of the Society’s Manufacturere Committee shall carry 
on negotiations with the Exhibition Sponsor, wherever 
practicable. If conditions make it advisable for the 
District or the Local Section to conduct the preliminary 
negotiations for an exhibit, approval of the Society’s 
Manufacturers Committee and Board of Directors must 
first be secured to all proposed agreements before commit¬ 
ting the Society to participation. 


Committus 

The following committees shall be appointed, or ap¬ 
proved, if appointment is provided for otherwise herein, 
each year by the President, by and with the approval of 
the Board of Directors, as soon as possible after the 
Annual Meeting (or October 1st), and vacancies in 
committees shall be filled in the same manner. The 
President shall be ex-officio member of all committees. 

Section 1. Executive Committee. —An Executive 
Committee consisting of not less than five members of 
the Board of Directors shall exercise, at times when the 
Board of Directors is not in session, such part of the 
authority of the Board in the administration of the 
affairs of the Society, as may from time to time be dele¬ 
gated to it. The Chairman and Executive Secretary 
of the Welding Research Council and the Chairman and 
Secretaiy of the Technical Activities Committee shall 
be ex-officio members of this Committee without the 
power to vote. 

Section 2. Finance Committee. —A Finance Com¬ 
mittee, selected from members of the Board of Directors, 
which shall pass upon all expenditures, prepare the 
annual budget and have gener^ charge of the finances 
of the Society. The Treasurer shall be Chairman of the 
Finance Committee 

Section 3. Membership Committee. —A Membership 
Committee of five or more members whose duties shall 
be to formulate and execute plans and prepare literature 
for maintaining and increasing the membership of the 
Society. 

Section 4. Admissions Committee. —A Committee on 
Admissions of five members whose duty it shall be to 
pass on the qualifications of all members to determine 
their eligibility and classification as members of the 
Society, to approve transfers in Section affiliation and 
to approve resignations from membership. 

Section 5. Program Committee. —A Program Com¬ 
mittee shall plan and make arrangements for technical 
programs for all meetings of the Society; it shall solicit 
and pass upon all papers offered for presentation before 
national meetings; it shall cooperate, when called upon, 
with local groups in arrangements for Section and District 
Meetings. 

Section 6. Publication Committee. —The Publication 
Committee shall solicit papers for publication and shall 
pass upon all papers offered to the Society for publica¬ 
tion in its Journal; it shall have the power to edit 
papers, in accordance with established rules governing 
the publication of the Society’s Welding Journal, as 
approved by the Board of Directors. 

Section 7. Nominating Committee. —A Nominating 
Committee of seven members. The Committee shaU 
consist of a Chairman who shall be a Past-President of 
the Society and six members (not members of the Board 
of Directors), one of whom shall be a Past-President of 
the Society. Announcement of the appointment and 
personnel of the Committee shall be m^e by the Presi¬ 
dent through publication in The Welding Journal on 
or before March 1st. The Committee shall deliver to 
the Secretary in writing on or before the 10th day of 
May of that year, the names of its nominees for the 
various elective offices next falling vacant with the 
written acceptance of each nominee. (District Vice- 
Presidents shall be nominated by each District Nomi¬ 
nating Committee. See Article VI, Section 6). This 
Committee shall also canvass the nomination ballots and 
certify the result to the Secretary. 

Section 8. Constitution and By-Laws Committee .— 
A Constitution and By-Laws Committee comprising a 
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mi TWO (Xher members. This Committee 
gHhT ?pc c. -T ^ gg^e gi ops for revisions to the Constitu- 
Tt.TT O’ and be re^xmsible for the preliminary 

Ml r ' -* WT^ vt sach revisioQS. It shall see that the By- 
Lavs :i SeccicGs aod Student Chapters of the Society 
aot c uofc. t widi any provision of the Constitution 
azid By-Laws of the Amb3UCan Welding Society. 
Tbb Cccmnittee shall consider and report upon any peti- 
Twi for levisaon to the Constitution or the By-Laws 
md shall transmit such petition to the Secretary for 
further consideration as specified in Article VI of the 
Cflosdtntkm and Article XX of the By-Laws. 

Sktion 9. Code of Principles of Conduct Committee. 
—A Connnittee on Code of Principles of Conduct con¬ 
sisting of five members comprising a Chairman (mem¬ 
ber of the Board of Directors) and four additional mem¬ 
bers. In addition to the function of formulating and 
admimstering a Code, it shall be the duty of the Commit¬ 
tee to advise inquirers regarding questions of pro^ 
conduct and to examine into and investigate any practice 
of any member of this Society which sh^ be regarded as 
prejudicial to the welfare of the Society, and report 
its actions and recommendations to the Board of Direc¬ 
tors, which shall take such action as it may deem proper. 

Section 10. Technical Activities Committee. —A Tech¬ 
nical Activities Committee which shall consist of the 
Chairmen of all the Technical Committees of the Society 
and not more than three members-at-large to be ap¬ 
pointed by the President. It shall have a Chairman and 
a Vice-Chairman, who shall be members of the Society 
and shall be elected by the Committee’s membership, 
but not necessarily from its own ranks. These officers 
shall serve for a period of two years. The Technical 
Secretary of the Society shall be the Secretary of this 
Committee. The Chairman and the Secretary shall be, 
ex-officio, members of the National Executive Commit¬ 
tee without the right to vote. The scope of this Com¬ 
mittee shall be; to promote the standardization and 
technical activities of the Society; to develop the policy, 
scope and organization of such activities and to super¬ 
vise their execution; to develop methods and means of 
cooperating with other standardization bodies, including 
the nomination of official representatives of the Society on 
technical committees of other societies or standardiza¬ 
tion bodies; to pass upon recommended practices, stand- 
^ds and codes with respect to compliance with pre¬ 
scribed procedure and regulations; to decide questions 
of jurisdiction of Technical Committees; to review (at 
the Annual Meeting of the Society) the progress of the 
Society’s standardization work; and to act in an advisory 
capacity to the Board of Directors in respect to stand¬ 
ardization programs. 

Section 11. Technical Committees. —^Technical Com¬ 
mittees, not limited in number, the duty of each of which 
shall be: to establish an organization; to recommend 
the scope of its work and its committee membership; 
to prepare and recommend the acceptance or withdrawal 
of standards and revisions thereof within its jurisdic¬ 
tion; to report conflicts of jurisdiction to the Technical 
Activities Committee; to report on the progress of its 
work; and to carry out such other activities as may be 
approved by the Technical Activities Committee. 
Technical Committees shall operate according to the 
latest revision of “Rules to Govern Organization, Func¬ 
tions and Operations of Technical Committees of the 
American Welding Society.” 

Section 12. Educational Committee. —An Educa¬ 
tional Committee whose duties shall be to stimulate and 
promote educational activities pursuant to the aims and 
purposes of the Society. 

Section 13. Committee on Avxirds. —A Committee on 
Awards consisting of five members each serving for a 
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period of five years, one member retiring each year. 
The member senior in respect to service shall be Chair¬ 
man. It shall be the du^ of this Committee to make 
the awards and nominate those to present honorary 
lectures at the Annua! Meeting and to arrange for the 
presentation of such medals, certificates or other awards 
as may be authorized by the Board of Directors. 

Section 14. Committee on Permanent Funds .— A 
Committee on Permanent Funds consisting of five mem¬ 
bers, each serving for five years, and the Treasmer of 
the Society, ex-officio. One member shall retire each 
year. The member senior in respect to service shall be 
Chairman. 

Funds turned over to this Committee by the Board of 
Directors shall be in its custody for safe-keeping, invest¬ 
ment or reinvestment. All acts of the Committee shall 
requii'e the favorable vote of at least four members of 
the Committee. 

No disbursement shall be made from these funds ex¬ 
cept upon a favorable vote of at least two-thirds of those 
present at a meeting of the Board of Directors called for 
that purpose at which a quorum is present. 

A notice of the meeting shall be sent to each member 
of the Board of Directors at least two weeks prior to the 
date set for the meeting. The notice shall set forth the 
reason why the disbursement is proposed. 

The Committee shall keep fidl and accurate accounts 
of receipts and disbursements in books belonging to the 
Society, and shall render a financial statement to the 
Board of Directors annually, or more often if requested. 

Section 15. Public Relations Committee. —A Public 
Relations Committee which shall handle the relations of 
the Society to the public, exclusive of the functions as¬ 
signed to the Publicity Committee. This shall include 
dealing with all State and Federal legislative matters 
affecting the Society and the art of welding, particularly 
those involving welding codes and other proposals which 
the Committee believes should be considered in order 
to insure the best interests of the welding art. 

Section 16. Publicity Committee. —A Publicity Com¬ 
mittee which shall establish the publicity policy of the 
Society, develop the type of program necessary to ef¬ 
fectuate this policy and supervise its execution. 

Section 17. Convention Committee. —A Convention 
Committee comprising a General Chairman, a Vice- 
Chairman, who shall be either the Chairman of the 
Local Section where the meeting will be held or some¬ 
one designated by that Section, Secretary and Treas¬ 
urer of the Society, the Chairman of the Manufacturers 
Committee, the Chairman and Secretary of the Program 
Committee, the Chairman of the Publicity Committee 
and the Secretary of the local Section where the meeting 
will be held. This Committee shall plan and make 
arrangements (other than those specifically assigned to 
other committees) and shall correlate activities dealing 
with Conventions and Exhibitions. 

Section 18. Manufacturers Committee. —A Manufac- 
tmers Committee comprised of representatives of manu¬ 
facturers of welding equipment and supplies, which 
Committee shall cooperate with the Convention Com¬ 
mittee in making arrangements for exhibitions and shall 
handle matters of general interest to the manufacturers. 

Section 19. Section Advisory Committee. —A Section 
Advisory Committee, the membership of which shall 
be composed of the District Vice-Presidents, to act in 
an advisory capacity to the Board of Directors in all 
matters pertaining to the activities of the Sections of the 
Society and to be responsible for planning and conducting 
Section Officers Conferences. The Chairman shall be 
designatetl by the President with the approval of the 
Board of Directors. 

vSection 20. Special Committees. —Additional c<.)ni- 
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Gjmpve these two unretouched pictures. i 

The one at the top, taken through Novi- grinding, chipping and wire brushing—is reduced to a minimum. 
weld-Didymium, shows how these re¬ 
markable lenses give a welder a clearer Kight now, you Can get immediate delivery of Noviweld-Didymium for 
view of his work, let him do a better job , r ,, r • t y j 

and increase his output. the welding goggles of all of your operators in shade numbers 3, 4, 5, and 

The bottom picture is taken through Phone or write youT nearest AO Branch Office. ’ 

standard welding glass. ' 


American 

COMPANY 

SOUTHBRIDGE, MASSACHUSETTS 
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mittees may be appointed for a definite stated purpose or 
purposes. 

Section 21. Proposed Committees. — A Committee or 
Committees for a definite stated purpose or purposes 
may be proposed by any member of the Society in good 
standing, together with the personnel of such Committee 
or Committees, but the final selection of the personnel 
must be by a majority vote at one of the meetings of the 
Society as set fo^ imder Article XI, Sections 1 and 2, 
provided the necessary quorum, per Article XI, Section 5, 
is present and further provided that definite notice 
stating all purposes and objectives of such committee or 
committees shall have been sent to each member, and/or 
published in The Welding Journal of the American 
Welding Society for the preceding month, so as to 
reach the membership at le^ two weeks prior to said 
meeting at which the Committee or Committees will be 
proposed and elected. 

Section 22. Term of Committees. —All Committee 
appointments not otherwise ^>ecified shall expire with 
the Society Year. Technical Committee appointments 
shall be governed by “Rules to Govern Organization, 
Functions and Operations of Technical Committees of 
the American Welding Society.” 

ARTICLE XIII 
Voting and Proxy 

Section 1. Voting. —Each Corporate Member as 
described in Article I, Section 3, shall be entitled to 
vote on all questions presented by the Society or by the 
Section to which the member belongs. Voting may be 
in person or by proi^. 

Section 2. Voting by Proxy. —Voting by proxy shall 
not be allowed at any meeting of the Society or its Board 
of Directors or of any of its Committees except by per¬ 
sonal representative consisting of a member of the par¬ 
ticular group or Committee, presenting written creden¬ 
tials at the particular meeting stated, and covering only 
those matters clearly stated on the face of the proxy. 
All proxies must be in writing and must be delivered to 
the Secretary of' the meeting, at which they are to be 
voted, prior to the opening hour of the meeting. 


in cooperation with another Society or other Societies. 
Associations or regulatory bodies. 

Section 4. Responsibility for Statements. —The So¬ 
ciety ^lall not be responsible for statements or opinions 
advanced in papers or in discussion at meetings of the 
Society or of its Sections or Districts, or printed in its 
publications. 

Section 5. Copyright. —The Society reserves the right 
to copyright, at the discretion of the Board of Directors, 
any of its papers, discussions, reports or publications. 

Section 6. Use of Society Name or Emblem. —Unless 
approved by the Board of Directors, the name, emblem 
or initials of the Society shall not be used in any com¬ 
mercial publication or business, except to indicate con¬ 
formity with its standards, or recommended practices. 

ARTICLE XV 
Welding Research 

Section 1. Welding Research Council. —The Ameri¬ 
can Welding Society shall provide the means for co¬ 
operative research in welding by creating or joining in the 
creation of a research department to ^ known as the 
Welding Research Coimcil. Other societies, associa¬ 
tions and government departments may be asked to 
assist in this work. 

Section 2. Research Funds. —Funds for the work 
of the Welding Research Council shall be seemed by 
voluntary contributions, by solicitation or appropriated 
from the regular fimds of the Society. Solicitation of 
any funds in the name of the American Welding So¬ 
ciety may, however, be made only with the approval of 
the Board of Directors. 

Section 3. Custodian of Research Funds. —The Cus¬ 
todian of research funds sh^ be the Engineering Founda¬ 
tion, the American Welding Society, or any other 
body designated by the Board of Directors. 

Section 4. Research Publications. — A separate sec¬ 
tion of The Welding Journal of the American Weld¬ 
ing Society may be created for the publications of the 
Welding Research Council. 

ARTICLE XVI 


ARTICLE XIV 


Audit and Finance 


Publications 

Section 1. The Welding Journal. —(o) The Society 
shall publish a magazine to be known as “The Welding 
Journal of the American Welding Society.” It 
shall contain technical papers. Welding Society news 
and information of interest to the members of the Ameri¬ 
can Welding Society. (A separate section may be 
used for the publications of the Welding Research Coim- 
cil; see Article XV, Section 4.) 

(6) The Welding Journal shall be sent to each 
member of the Society, in good standing. 

Section 2. Year Book. —A Year Book shall be 
published annually, or at such times as approved by the 
Board of Directors. ' It shall include the Constitution 
and By-Laws of the Society; list of committees and 
their membership; Alphabetical and Geographical List 
of Members; a financial statement and other data of 
interest to the membership of the Society. 

Section 3. Codes and Specifications. —The Society 
reserves the right or privilege of publishing as an Ameri¬ 
can Welding Society Standard any code, specification 
or standard prepared by its committees, ei^er jointly or 


Section 1. Audit. —The financial accounts of the 
Society shall be audited annually previous to the Annual 
Meeting, by a Certified Public Accountant, selected by 
the Board of Directors. 

Section 2. Bonds. —One of those authorized to 
sign checks and other financial documents of the Society 
shall be bonded. 

ARTICLE XVII 
Fiscal Year 

Section 1. The fiscal year of the Society shall com¬ 
mence on October 1st and end September 30th. 

ARTICLE XVIII 

Permanent Office 

Section 1. A permanent office of the Society shall be 
maintained in the City of New York and shall be lo- 
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A typical Mood arc wdd oiade widi No. 130X Mood dacaodo. 

Electric arc welding with Monel offers several important 
advantages. 

Monel is easily fabricated by methods similar to those 
used in making quality welds in steel. It may be welded in 
all positions with the same facility. 

Monel’s coefficient of e3q>ansion is the same as that of 
steel. This permits steel and Monel to be used on the 
same job. 

Welds are sound and ductile. In addition, they are as 
strong and as highly resistant to corrosion as the parent 
metal. No thermal or chemical after treatment is needed to 
restore the corrosion-resistant qualities of the welded joints. 

As indicated in the photographs, No. 130X Monel Arc 
Welding Electrodes are employed for welding all forms 
of wrought and cast Monel to Monel, or Monel to steel. 

Engineering data, working instructions, and helpful in¬ 
formation on welding procedures are contained in Bulletin 
T-2, Welding, Brazing and Soft Soldering of Mon^l, Nickel 
and Inconel* A copy of this well-illustrated, 32-page bulle¬ 
tin will be sent on request. 


Mood It estenuTclr used for liuiu beat ezebaoger 
shells. This steel shell is lined with .078" Mooel 
sheet, arc welded with No. 130X Mooel electrode. 
Photo courtesy of The Lummus Company. 


Both plus welding and strip welding are employed 
for hoiog fractionating and other sted procesa 
e^pmem with Mood sheet or suip. Na 130X 
Mood deetcodes are used. Photo courtesy of 
Vyatt Metal A Boiler Wotlo. 




Mo. 130X Mond dearodes are also used for 
wddiog Mood Clad steel as in this fractionating 
tower which is six feet in diameter and 43Vi feet 
m length. The cop 19^' >octioa is Mond Qad 
&cd 22/32‘' thick with Vi" of Mood daddiog. 
Manways aod covers are uned with Vi" Mood 
sheet by plug welding. Photo courtesy of Edge 
Moor Iran wotks, loc. 

• • • 

^ elbows bdow were readily fabriated from 
Mooel sheet and then arc weldra with No. 130X 
stood dectrodes. Photo courtesy of Farwdl. 
Onntig, Kirk & Co. 


• «7 wmi street, new voiw 5,n.y. 

"*• f30X ... 

fnOne * Electrodes 



Large diameter piping may be made 
either uf Lukens Monel Clad sted or 
of steel lined with Monel sheet at in 
the Y reducers shown at the left. In 
either case. No. 130X Mond dec> 
trodes are used. Photo courtesy of 
Robinson Engineering Company. 

* a • 

The steel bolt circles of these 
manways are overlaid with 
Mond by a 2'layer wdd of 
No. 130X Mond electrode. 
Photo courtew of Edge Moor 
Iron Works, Inc. 
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cated in the Engineering Societies’ Building at 25-33 
West 39th St., or at such other place as the Board of 
Directors may determine. 

ARTICLE XIX 
Parliamentary Rules 

Section 1. Roberts’ “Rules of Order’’ shall be the 
governing parliamentary law of the Society in all cases 
not definitely provided for by its Constitution or its 
By-Laws or its own rules. 

ARTICLE XX 

Amendments 

Section 1. Amendments to these By-Laws may be 
instigated by petition signed by not less than ten voting 
members in good standing, or by the Constitution and 
By-Laws Committee, or by the Board of Directors. 
Such proposed amendments to become effective must be 
approved by not less than two-thirds of the Directors 
present at a meeting regularly called for consideration of 
same. If approved by the Board of Directors, amend¬ 
ments shall be considered temporary and then shall be 
published in The Welding Journal and not less than 
30 days later shall be submitted to the membership for 
letter ballot. The amendments shall be adopted at the 
expiration of 60 days after mailing the ballots unless re¬ 
jected by at least 20 per cent of ^e voting membership. 

RULINGS ADOPTED BY BOARD OF DIRECTORS 

April 1920 

Section Organization. —The Officers of the Society are 
authorized to assist in formation of Sections in any part 
of the United States under the adopted standard form of 
Constitution with variations to meet local conditions 
and to grant the necessary authority for the formation 
of such Sections. When possible, the Sections should be 
affiliated with the local general engineering society and 
where practicable, the organization work should be con¬ 
ducted from such society headquarters. 

December 1927 {original ruling January 1922) 

Delinquents. —A delinquent member shall be supplied 
with The Welding Journal and other literature for 
the first two months of delinquency but following the 
second month he shall receive only notices of meetings. 

November 1937 

Directors’ Meetings. —The President is empowered, 
when in his opinion it is deemed wise, to invite non- 
members to meetings of either the Board of Directors or 
Executive Committee. 

Voting at Executive Committee meeting is limited to 
Executive Committee members or their proxies. Mem¬ 


bers of the Board of Directors are invited to Executive 
Committee meetings for the purpose of participating in 
discussion. 

July 1938 

Establishment of Society Policy on News Items or Radio 
Broadcasts Detrimental to Welding. —It is preferable for 
the Society to remain silent until official report dealing 
with the subject in question has been received. 

July 1941 

Certification of Welders—Policy Established for Guid¬ 
ance of Public Relations Committee. —Under no condition 
shall ffie American Welding Society issue a Certificate 
to a welding operator, nor support a plan for the certifica¬ 
tion of welding operators, that denies a fabricator the 
privilege of qualifying his own welding operators. 

February 1942 

Policy on Questions Relating to Labor Organizations .— 
It is the policy of the American Welding Society not to 
render iifformation on questions relating to labor or labor 
organizations, nor to enter into any controversy that 
affects these questions. 

June 1943 

Establishment of Society Policy Regarding Contribu¬ 
tions. —It shall be the policy of the Society not to make 
contributions to charitable and nonprofit membership 
corporations. 

December 1943 {Original riding July 1941). 

Year Book. —Copies of the Year Book will be given 
only to members requesting them. 

December 1943 {Original ruling April 1920) 

Powers of Executive Committee. —^The Board of Direc¬ 
tors delegated to Executive Committee its full power with 
understanding that Executive Committee will immedi¬ 
ately report by letter to every member of the Board any 
action which it has taken and allow sufficient time for 
objection to such action before it is put into effect. 
Should a majority of the Board express objection within 
2 weeks to any action, the President will then immedi¬ 
ately call a special meeting of the Board and have the 
matter presented to them for confirmation. 

I 

September 1944 

Listing in the Year Book. —There shall be listed in the 
Year Book, corporations, firms and partnerships who 
sponsor Sustaining Members, giving a brief account of 
their products. There shall also be listed separately 
in the Year Book, corporations, firms and partnerships 
who pay at least $100.00 per annum in dues for not over 
seven (7) memberships in the Society, giving a brief ac¬ 
count of their products. 

All other ndings of the Board of Directors to be res¬ 
cinded. 

Constitution of the American Welding Society 
Delete Article VII. 
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DO’S and DON’TS 

for 

Resistance Welding Electrodes 
and Holders 



Do’s 

1. Use the proper electrode material for the job you 
are doing. 

2. Use standard electrodes wherever possible. 

3. Use the most suitable tip diameter for the thickness 
of stock being welded. 

4. Use open sieht drains to observe more readily the 
water flow through holders. 

5. Connect the water inlet hose to the proper holder 
inlet so that water flows through the center cooling 
tube first. 

6. Internally cool spot welding tm with cool water 
flowing at a rate of at least gals, per minute 
throu^ each tip. 

7. Be sure that the internal water cooling tube of the 
boldw projects into the tip water bole to within 

of the tip hole bottom. 

8. Adjust the internal water cooling tube of the bolder 
to the proper height when changing to a different 
length tip. 

9. Be sure top of adjustable water cooling tube in 
bolder is cut at an angle to avoid j amming tip 
down and shutting water off. 

10. Place a thin film of cup grease on the tip taper 
prior to inserting it in the holder, to make it easier 
to remove. 

11. Use ejector type holders (or easy removal of tips 
and to avoid damage to tip walls. 

12. Keep the tip taper and holder taper clean, smooth 
and free from foreign deposits. 

13. Dress spot welding electrodes often enough to 
maintain the quality of welds. 

14. Dress electrodes in a lathe to their original contour 
whenever possible. 

15. Use a rawhide or rubber mallet for striking holder 
or tips in aligning operations. 

16. Provide flood cooling on both sides of the seam 
welding wheel. 

17. Use properly designed knurling wheels to maintain 
proper seam welding wheel shape. 


Don’ts 

1. Never use unidentified electrodes or electrode 
materials. 

2. Avoid special, offset or irregular tips when the job 
can be done with a standard straignt tip. 

3. Don't use small tips on heavy gauge welding jobs, 

large tips on small work. 

4. Don't forget to turn on the cooling water full force 
before starting to weld. 

5. Never use water hose that will not fit the holder 
water connection nipples snugly. 

6. Do not aUow water connections to become leaky, 
clt^ged or broken. 

7. Avoid using holders with leaking or deformed tapers. 

8. Never use electrode holders that do not have an 
adjustable internal water cooling tube. 

9. Do not permit adjustable water tube to be "frozen" 
by accumulation of deposits. A few drops of ml 
periodically will keep the tube free. 

10. Do not allow electrodes to remain idle in tapered 
holder seats for extended periods. 

11. Don't use pipe wrenches or similar tools in remov¬ 
ing electrodes. 

12. Avoid using white lead or similar compounds to 
seal a leaki^ taper. 

13. Never permit a spot welding tip to mushroom 
enough to make dressing difficult. 

14. Never dress electrodes with a coarse file. 

15. Don't pound on holder or tip with a steel hammer 
in aligning the welder arms. 

16. Avoid the use d seam welder wheels too thin to 
stand the heat or pressure of your job. 

17. Do not permit seam welding wheel to run off the 
comers of the work being w^ded. 


Onmof» 

entire eeriee melied 
at your reoueet. 


DO obtain higher output by usi^ Mallory Standard Resistance Welding Electrodes— 
Spot Welding Tips and Holders, (insult us for seam welding wheels and flash, butt and 

f »rojection wuding diesfor your particular application. Write on your company letterhead 
or your copy of the electrode catalog and the Mallory Resbtance Weldmg Data Bocdt. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Sect/Ons-CHAIRMEN, SECRETARIES, AND REGULAR MEETING DAT^ 


ATUINTA lit Tri. 

UCKBTABT—J. V. TUSNBB, Alt RcductioO 
Sales Co., 330 Sprint St.. N. W.. AtlanU, 
G». 

BimmOHAM Int Thus^ 

CHAOtHAM—W. B. Brownint, The Linde Air 
Products, 1001-13 So. 22Dd St., Birmioglum, 
Ain. 

■BCUTAnT*'niBAlUB*B—W. L. Pools, Air 
Roductioa Sales Co.. 2826 N. 29th Arc.. 
Bimischam, Ala. 

BOSTOK and Men. 

CKAXBMAit—F. W. Davis, E. B. Badter A Sons 
Co.. 76 Pitts St., Boston, Mass. 

SBCBBTABT—P. N. Rdoo, 22 Esstem Avc., 
Wakefield. Mass. 

BRIDOEPORT 

CBAIBMAN—N. B. G1UJX.AKD, 4883 Nofth Main 
St., Stratford, Conn. 

SBCBBTABY—C. Pabks, The Bullard Co., 286 
Canfield Ave, Bridgeport 2. Conn. 

BRUNBWZOK. OA. 

CKAIBMAM-W. A. PtBBBB, JB., J. A. JOOeS 

Const. Co., Brunswick, On. 

SBCBBTABT—W. P. Bolbh, 1303 Dartswuth St., 
Brunswick, Ga. 

CANAL ZONE 1st Tuae. 

CBAIBICAII—^CUFTOBB B. JONBS, BOl 633 
Diablo Haights, Canal Zone 

SBCBBTABT—JAWBS G. MuBBAV, Panama Canal, 
P. O. Box 623. Diablo Heights, Canal Zone 

OHATTANOOOA. TEMN. 1st Wed. 

qbaouiar—J uSTtM Bbown, ChattaooogB 

Boilm Tank Co., 1011 B. Main St.. Chatta¬ 
nooga, Tenn. 

SBOtBTABT-TBBAS.—R. O. WILSON, 1329 

Chestnut St., Chattanooga 2, Tenn. 

CHtOAOO Srd 

CBAIRHAK—C. L. Pfbixxbb, 316‘/i N- Menard 
Ave., Chicago, Ill. 

SHCBBTABT—T. B. JBFSBBSOM, Tkt Welding 
Rntineer, 606 S. Wabash Ave.. Chicago. III. 

CmOINNATl. OHIO 

CHAIBKAN— Gbobob A. Jacoby, 1743 S. Derexa 
Dr., Hamilton, Ohio 

SBCBBTAKT—L. E. Shbbuan, Box 183, Lock- 
land P. O., Cincinnati, 16, Ohio 

ni.w i rwT.awt> 8nd Wed. 

CBABUiAM—'Rosa J. Yabbow, R^ublic Struc¬ 
tural Iron Wiwfcs, 1290 B. 68rd St., Cleve¬ 
land. Ohio 

aacBBTABT-TaBAB.—A, Lbbub PsBtL, Univer¬ 
sal Power Corp., Cleveland, Ohio 

COLUMBUS, OHIO Snd Fri. 

—L. P. Wood, Curtiss-Wright Corp., 
4800 B. 6th Ave., Columbus 16, Ohio 

SBCBBTABT—G. S. Hbbbbm, The Sesgrave 
Corp., Columbus. Ohio 

DETROIT 1st Frt. 

CBADUSAii—H bnby C. NBinBL, Whitchesd A 
yi** Co.. 68 Haltiner, Detroit 18, Mich. 

ascBBTABT-^. N. SiBOBB, S-M-S Corp., 1166 
Harper Ave., Detroit, Mich. 

HARTFORD 

CBAiRHAN—J ohn W. MoBTiWBB.The Wbitdock 
Mfg. Co., P. O. Drawer 390, Hartford, Conn. 

SBCBBTABY—^R. H. Floriam, Tnimbull Elec¬ 
tric Mfg. Co., Plainville. Conn. 

HAWAII Dent Thure. 

CBArBMAM—G bobob Glovbb, W. A. RsmsaT, 
Ltd., Mondluiu, T. H. 

SBCBBTABT—Alan G. Slipfbb, Hawaiian Gas 
Products Co., P. O. Box M64, Honolulu, 
T. H. 

INDIANA Fri. 

CBAIBMAN—J. R. WIBT. Process Dept. Dclco- 
Remy Div., Gen. Motors Corp., Anderson, 
Ind. 

SBCBBTABY—MBS. MBRCBDBS SPOTTS, P. R. 
Mallory Co., Indianapolis, Ind. 

KANSAS CITT. MO. 1st Tues. 

CBAIBMAN—Duanb Db Bsonnsb, Columbian 
Steel Tank Cor., 1609 W. i2th St.. Kansas 
City. Mo. 

SBCBBTABT—A. C. SLUM, Moore Company. 
666 WcatpfMt Road. Kansas City. Mo. 

LAKE SHORE 

CHAiBMAM—F bbd Hbbbst, Jb., McMullen A 
Pits Construction Co.. 923 Commercial St., 
Manitowoc, Wis. 

LEHIGH VALLET 

CBAIBMAN—J. W. Kbnwobtbt, 113 N. 11th St., 
Allentown, Pa. 

SBCBBTABT-~JOLtuS Naab, Ingersoll-Rand Co., 
Phillipsburg, N. J. 


LOS ANOELES 3rd Thure. 

CHAIRMAN—Cbarlbs A. Babbitt, Western 
Pipe A Steel Co.. 6717 Santa Fe Ave.. Los 
Angeles. Celtf. 

ascBBTABY—B. O. Williams. Victor Equip¬ 
ment Co., Los Angeles, Calif. 

LOUISnUf Lest Tuas. 

CBAIBMAN—Tbbodobb H. Lbwis, JcSertoo- 
villc Boat A Machinery Co., Louisville, Ky. 

SBCBBTABY—R. L. Hachstrassbb, Josepb W. 
Greathouse Co.. 530 River Road. Louisville 2, 
Ky. 

MARYLAND 3rd FH.. exoept AprU 

CHAIBMAM—J. C. COMBBBLAND, LexingtOn 
Bldg., Room 1000, Baltimore, Md. 

sbcbbtabt-Tbbas. —W. H. Shapbow, 3806 
Bdnor Road, Baltimore, Md. 

MILWAUKEE 3rd Fri. 

CBAIBMAN— Cabl Malmbbbo, 665 Elm Spring 
Avc., Wanwatow, Wis. 

SBCBBTABT—Chaunct Habt, Heit Co.. 800 W. 
Montana St., Milwaukee 

MOBIXf 

CHAIBMAM —Rbynold Alonxo, Rt. 3, Box 24, 
Stanton Rd., MobOc, Ala. 

■BCBBTABT-TBBAB. —W. B. KBLLT, 1561 LuUng 
St., Mobile. Ala. 

NEW dEROrr 3rd Tuae. 

CHAtBMAH—G. N. Niob, Tidewater Associated 
Oil Co., Bayonne. N. J. 

SBCBBTABY —P. N. Mattbbm, Wilson Welder A 
Metals Co., 60 E. 42nd St., New York 17, 
N. Y. 

NEW YORK Snd Tuae. 

CHAIBMAN —G. V. Slottmam, AIt Reduction 
Salas Co., 60 B. 42od St., New York 17, N. Y. 

SBCBBTABT—Gbobob Stkbs, The Linde Air 
Products Co., General Publicity Dept., 30 ^ 
42nd St., New York, N. Y. 

NORTHERN NEW YORK Lest Thus*. 

CHAIBMAM —H. S. Swan, American Locomotive 
Co., Nott St., 6 Story Bldg., Schenectady, 
N. Y. 

SBCBBTABT— R. S. PsLTON, General Electric 
Co.. Schenectady, N. Y. 

NORTHWEST 3rd Wad. 

CHAIBMAN —C. M. Undbbwood, Northcm 
Pump Co., Minneapolis. Minn. 

SBCBBTABY — Albxis Caswbll, Manufacturers' 
Assoc, of Minn., 200 Builders Bxcbsnga 
Bldg., Minneapolis. Minn. 

OKLAHOMA OITT FfastThusa. 

CHAIBMAM—H. N. Simms, 1217 8. W. 32, 
Oklahoma City, Okie. 

SBCBBTABT —J. M. MiDBKB, 100 B. Main St., 
Oklsdioma City 2, Okla. 

PASGAOOULA 

CBAIBMAN —W. B. Bowbn, The Ingalls Ship¬ 
building Corp., P. O. Box 149, Pascagonla, 
Miss. 

SBCBBTABT-TBBAS.-MILTOM FOBMAK, 1012 

Cherubusco St., Pascagoula, Misa. 

FBORIA—CENTRAL ILLINOIS 3rd Wed. 

CHAIBMAN — WaLTBB J. BBOOKINO, R. G. Lc 
T oumeau, Inc., Peoria, HI. 

SBCBBTABT—HABOLO BaLOWZN, R. G. Lc 
T oumaBU, Inc, Peoria, IIL 

PHILADELPBIA 8rd Men. 

CHAIBMAM— O. R. JoBMSON, The lincoln Blec- 
ttic Co., 401 N. Broad St, Philadelphia 8, 
Pa. 

SBCBBTABT— K. W. OsTBOM, 213 Glen Gary 
Dr., Westgate mis. Upper Darby P.O., Pa. 

PITTSBUROH MlddU Wed. 

CHAIBMAM —C. H. Jbnnikos, WesUnghouse 
Blec. A Mfg. Co.. Pittsbu^h, Pa. 

SBCBBTABT—J. F. Minmottb, Miotsotte Bros. 
Co., 1201 House Bldg., Hays (7) Pittsburgh, 
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CHAIBMAN —G. L. Taplbv, Webitsf Wd* 
Co., 1211 Pioe St., Seattle. Wash. , 

sbckstabt —J Bark. Todd Pacific Shipy*. 
Seattle, Waab. | 

ROCHESTER, N. Y. 1st Thii 

CHAIRMAN-PaOL A. BCKLUND, 36 Hargrj 

St., Rochester. N. Y. 1 

sxcrbtary—Edward R. Jones, Allen IroJ 
Welding Wks.. 133 Murray St.. Rocheitd 
N. Y. ' 

SAN FRANCISCO Last ■ 

CHAIRMAN-C. P. DOOOBTT, MoOTe 

Dock Co., Ft. Adeline St., OakUnd, Cal 
sbcrbtabv —R. B. Labaob, Victor Bquips 
Co., 644 Folsom St.. San Francisco. Call' 

ST. LOUIS 2nd 

CHAIRMAN —W. S. Bvans, 789 Glen V 
Glcodnle, Mo. 

SBCBBTARY —H. C. Closb, Mscbioeiy 
Wrider Corp.. 700 S. Spring Ave.. St. L 
Mo. 

SOUTH TEXAS StdTb 

chairman —B. C. Jackson Southern Fi 
Lines, 324 Southern Pscific Bldg., Hou 

Texas 

SBCRBTART-TRBAS. -A. E. WWLBR. Ht 

Tool Company. 300 Hughes St.. Heu 

Texas 

SYRACUSE and' 

CHAiRMAM —J. Kiblb, Bssy Washing 
Co.. Syracuse. N. Y. 

8BCRBTARY —J. HOTCBKISB, 1590 We 
land Ave., Syracuse 10, N. Y. 

TIDEWATER 

CHAIRMAN —C. O. Barham, 1501 Lanne 
Pwtsmouth, Va. 

SBCRBTARY-TRBAS. —B. C. ROWBLL, 1181 
Ave., Portsmouth. Va. 

T^iEDO 3rd' 

CHAIRMAN — Bdwin Napxobb, Toledo > 
Tube Co., 2105 Smead Ave., Toledo 6. >I 
SRCRBTART —LLOTD BBSSTTCKBR. 4234 1 
ier Road, Toledo 12, Ohio 

TUI^, OKLA, 

SBCBBTABT—JaMBS B. DaTIS. Tulsa T 
Laba. Tulsa, OUa. 

WASHOfOTON. D. C. 2nd 

CBAIBMAN —C. E. Jackson. Naval Re 
Lab., Washington 20, D. C. 

SBCBBTAKT - Q. G. LUTHBB, NaVal Reifi 

Lab., AnacosUa Station, Waahingtoa. 

WES T ERN MASSAC HUSLl ' TS Last 
CHAIBMAM — Bmu. Stolth, Wcsthighouse t 
A Mfg. Co., 863 Page Bird., ^ringi 
Mass. 

SBCBBTABT —E. J. Pbltibb, Westxnf 
Elect. A Mfg. Co.. 853 Page Bird.. S < 
field 2, Mass. 

WE ST ER N IdlCKlOAN 
CHAIBMAM— W. J. Blbbookb, Haven-1 
Co., 601 Front. N. W.. Grand Ratnds. 
SBOBTABT— R. D. Layman, The LineoU 
trie Co.. 2p0 Divlslen Ave., Grand Rai 
Midi. 

WESTERN MEW YORK A 

CHAIBMAN-JOSBPK ComOIB. J. D. CoU 

Sons Boiler Wks..887 TifftSt-.BuSak 
York 

SBCBBTABT— R. S. Lahb, Rosi Heater 3 
Co.. 1407 West Ave.. Buffelo. N. Y. i 

WICHITA. KAN. M 

CBAIBMAN -R. W. TOWMSBMD, 288 

Minneapolis, Wichita, Kan. 
bbcbbtaby— M. L. LAMpmr, 2312 N. I 






PORTLAND. ME. 

CHAIBMAN— A. R. SCHWBBDTPBOBB, 30 Rich- 
land St., So. PortUnd, Me. 

SBCBBTABT-TBBAS.—LBONABD W. COOPBB, Fal- 
month Forcside, Town Landing, Portland, 
Me. 

PORTLAND ORE. 

CHAIBMAN —B. L, Hann, 940 S. B. 7th Ave., 
PortUnd, Ore. 

SBCBBTABT — PAUL KOLLBBBO, Industrial Spe¬ 
cialties Co., 940 S. B. 7th Ave., Portland 14, 
Ore. 


YORK—CENTRAL PA. UU 

CHAIBMAN—C. B. Lbwis Ebbcbnbk, 
No. 1, Thomssville, Pa. 

SBCBBTABT —PAUL Dbbssbl, Drensel 
Works, 386 Prospect St, York, Pa. 

YOUMOITOWM. OHIO 2n<i 

CBAIBMAN—AbTBUB W. WAtM, Youn. 

Welding A Bng. Co., 8700 OakUad 
Youngstown. Ohio 

SBCBBTABY —H. ROSS STBOHBCKBB. 
town Welding A Bng. Co., Youb| 
Ohio 
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Fusion Welding, Copper, Brass and 

Bronze* 

By H. R. Morrison^ 


T he number of alloys of copper manufactured to¬ 
day is well over a hundred. Most of these alloys 
are weldable. A few, however, are not welded 
because of their metallurgical properties, or because 
welding is unnecessary in the special applications for 
which they are used. The weldable alloys of copper fall 
into four general groups: 

1. Copper itself and those other materials that con- 
toin a small enough percentage of alloying ele¬ 
ments or impurities to be considered in the same 
class with copper. 

2. Copper-zinc alloys, or brasses, that are formed by 
adding zinc alone or zinc and some other element 
to copper. 

3. Copper-tin alloys, or bronzes. 

4. Copper-silicon alloys, including Everdur metal. 

Each group consists of alloys of copper that have 
welding techniques, properties and characteristics that 
are alike or very similar. 

I. Copper 

Copper is one of the purest metals used commercially. 
The ordinary cop^r that is used for tubes, wires, sheets 
and plate is 99.9% pure. It has excellent workability 
either hot or cold and the highest electrical and heat con¬ 
ductivity of all commercial metals. Its corrosion resist¬ 
ance is excellent. 

In general, commercially pure copper is divided into 

*Tbia article is a digest of a portion of the new Oxy-AetlyUne Handbook. 
For the detailed discussion of this subject see Tha Oxy-Acaiylen* Handbook, 
PP. 317 to 329. 

t The Linde Air Products Co. 



The Utility of Welding in the Installation of a Copper Piping 
System in a Paper Mill Is Shown Here. The Pipe Was Made 
from Sheet Copper by Forming and Welding the Longitudinal 
Seam 



One Common Method of Maintaining Sufficient Heat in the 
Weld Zone la to Uae Two Welding Blowpipes. Here, a Second 
Blowpipe Is Being Used as a Supplementary Source of Heat 


two principal types, electrolytic tough-pitch copper and 
deoxidized copper. Electrolytic copper contains from 
0.01 to 0.08% oxygen, usually in the form of oxides. 
When the base metd is heated to a temperature near the 
melting point of copper, these oxides cause a metallur¬ 
gical change which results in as much as 6% reduction in 
the tensile strength of the metal. Because the metal 
in the neighborhood of the weld zone reaches the tem¬ 
perature at which this change occurs, this weakening 
effect always occurs in electrolytic copper in the area ad¬ 
jacent to the fusion weld zone. Therefore, if strengths 
comparable to the original base metal are required, it is 
better to use a type of copper that is not subject to this 
weakening condition. 
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Deoxidized Copper 

Copper-base metals have been developed that are 
completely free from oxygen. These come under the 
general term “deoxidized copper’’ and are commercially 
available as rods, tubes, sheets and plates. 

Deoxidized copper has certain welding properties that 
must be understood by the operator before attempting 
to weld the metal for the first time. Copper does not 
have any plastic range. It is solid until it actually 
reaches the melting point of 1980° F., whereupon it trans¬ 
forms immediately to a liquid state. Because of its high 
coefficient of expansion, copper will expand more during 
heating and contract more during cooling than will other 
metals. This results in greater stresses set up during 
welding and greater possible distortion than in steel 
welding. 

To the operator making his first weld on copper after 
having worked on steel the most noticeable difference 
will be the greater heat conductivity of copper. This 
causes the heat to flow rapidly into the base metal with 
a consequent chilling effect upon the weld. Three com¬ 
mon methods are used to overcome this chilling effect: 

1. The base metal can be covered with an insulating 

material such as asbestos. 

2. The base metal can be preheated completely in a 

furnace with a torch burning city gas or other 
low-cost fuel. 

3. Two operators can weld simultaneously: 

(а) One may make a thin deposit at the bottom 

of the vee while the other completes the 
weld—the two welding puddles being but 
a few inches apart so that one blowpipe 
can take advantage of the heat supplied 
by the other blowpipe. 

(б) The weld may be made from two sides of 

the material simultaneously. 

(c) The second blowpipe may be used as a sup¬ 
plementary source of heat. 

The third method is most generally used in copper 
welding. Insulating the base metal reduces the dissipa¬ 
tion of heat to the air, but the conduction of heat through 
the metal is far too rapid to make this method of great 
help. The general preheating of the part is used prin¬ 
cipally for repetitive or production work, particularly on 
small parts. Preheating should be carried only to a black 
heat. 

Joint Design 

The joint design for welding copper is essentially the 
same as that for welding steel. 

It is sometimes desirable to back up the weld, because 
of the fluidity of the molten copper. This may be done 



Van Stone loints Are Made by Heating the End ol the Pipe 
Hammering It Out Flat Onto the Flange. They Are Uich 
the Initallation of Noaferroua Piping Sytteme 


by using a flat sheet of steel covered with a sheet > 
bestos. The asbestos should be grooved under the 
in the copper to allow for complete penetration. 

Tip Size and Flame Adjustment 

Because of the high heat conductivity of copper, 
heat is required for welding this metal. Therefore 
desirable to select a tip one or two sizes larger tl 
normally used for steel of the same thickness. A m 
flame adjustment is used for welding copper. Tl 
companying table gives some information regardir 
variable factors in copper welding. 

A completely deoxidized welding rod, preferabl> 
a slightly lower melting point than the base metal, s 
be used. Such a rod has the advantage of allowir 
initial contraction of the base metal in the weld zc 
take place before the welding rod metal solidifies. 

In general, flux is not needed in making fusion wf 
copper. However, occasionally the sparing use of 
flux assists in the welding action. 

It is common practice to tack-weld the parts i 
welding. During welding the tack welds shou 
melted out and rewelded. The function of tack 
in long seams is to prevent the gap from closir 
Often the number of tack welds can be rcfduced t 
a few by placing wedges or clips in between them, 
saves time spent on melting out numerous tack 
The wedges or clips are removed a few inches ah' 
the welding action. 

If copper material is not tack-welded, a greater i 
must be allowed at the finishing end of long seam 
would be allowed in similar length seams in steel. 

In general, standard jigging principles apply to < 
welding, but there is no need to use chill plates b 


Data on Ozyacatvlana Walding Copper 



Welding 

Heating 

Thickness of 

Tip Size, 

Tip Size, 

Base Metal, In. 

Drill Size 

Drill Size 

Vu 

.55-58 


Vm 

55-58 


V. 

51-54 


Vi. 

48-50 

43-16 

*/l 

43-16 

43-46 

V. 

38-11 

38-41 

'A 

38-41 

38-41 

’/4 

38-41 

38-41 


Number of 

Joint 

Spacing, 
(Tack-we 

Operators 

Design 

5 In. C t( 

1 welding 

Flange 

None 

1 welding 

Square butt 


1 welding 

Square butt 


1 welding 

Single-vee 


1 heating 

60-90® 

Vr->/, 

1 welding 

Single-vee 


1 heating 

60-90® 

*/r-Vl 

1 welding 

Single-vee 


1 heating 

60-90® 

•A. 

2 welding 

Double-vee 



90® 

Vi. 

2 welding 

Double-vee 



90® 
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n. Copper-Zinc Alloys—Brasses 


Technique 

jlht actual welding technique for making a fusion weld 
3per is very much the same as in steel base metal 
the exception of the factors already pointed out. 
er weld metal is more fluid than steel, but complete 
control can be obtained by proper manipulation 
welding rod and of the welding flame. The base 
should be melted before the welding-rod metal is 
to flow on it. If the rod metal is allowed to flow 
I red-hot but solid base metal, there will be a bond of 
jw strength, but not of the maximum strength that re- 
b from an actual intermingling of the base metal and 
fiiing-rod metal. 

^Htnever possible, and if the base-metal thickness is 
itico great, a weld in copper should be completed in 
■pass. If it is necessary to make more than one pass, 
Isfcond pass should never start at an edge, but should 
fuaned 4 or o in. in from an edge. Then, after it has 
b cumpleted in one direction, it should be restarted at 
■anginal point and completed in the other direction, 
ksame procedure should be used if the weld is an- 
IH »ith the blowpipe. The reheating should be 
It least 4 in. in from the edge, heated first in one 
and then from the starting point out to the 
«lge. 


g the fusion welding of oxygen-free copjx-r, it 
practice to peen or hammer the weld to reduce the 
and to reduce any lockcd-up stresses. This 
be done on the cold metal, while the metal is hot 
welding operation, or when the weld has been rc- 
inr hot-working. Usually it is preferable first to 
(vekl and then to hammer it to remove the marks 
pwning operation - working a small area at a time 
to cause undue bending. Cold-ixening or cold- 


The Ozyacetylene Flame la Used in the Installation of Piping 
Systems of Commercial Yellow Brass Pi{>e Both for Forming 
the Openings and for Welding the Joints 


hammering will raise the tensile strength, with an ac¬ 
companying reduction in ductility. 

If such an operation is followed by heating the weld to 
a red heat, the ductility will be restored, while the 
strength and hardness, although lowered, will be im¬ 
proved over the untreated welds. The hammering or 
peening operation should extend through the entire 
weld zone and the adjacent area. Materi^ thicker than 
0.22 (14-gage) should preferably be peened hot, while 
material thinner than this may be cold-worked. The 
area being hammered should be supported from the re¬ 
verse side. If fusion welds are made in electrolytic 
copper, hammering and annealing must always follow 
the welding operation to obtain adequate strength. 

Bronze-Welding Copper 

The regular bronze-welding rod and technique are 
used in bronze-welding copper. The lower temperature 
of bronze welding minimizes the problem of chilling and 
frequently increases the speed of welding. A slightly 
excess-oxygen flame adjustment and Brazo flux is ap¬ 
plied to the rod from time to time by dipping the heated 
rod in the can of flux. 

Bronze welding cannot be used when it is necessary to 
have an exact color match between the weld metal and 
the copper base metal; neither can it be used in certain 
chemical applications, since the bronze-weld metal is not 
so resistant to corrosive attack as the copper base metal. 
Although bronze welding can be used for joining elec¬ 
trolytic copper, it is more frequently used on deoxidized 
copper. TTie bronze-welds should be made as rapidly as 
possible, especially in electrolytic copper. 
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jtie high heat conductivity of copper. Since copper is 
ther weak at temperatures near the melting point, jigs 
puld not be fastened too tightly dtiring the cooling 
itmgh this range of temperatures. 


Copper Welding. 
Weld, as Shown 
Molten Copper 


When zinc alone or zinc and some other element are 
added to copper, these alloys are usually called brasses. 
The most important factor in the welding of brass is that 
zinc has a relatively low boiling point and therefore 
vaporizes easily. This vaporization of zinc may be 
restricted by the addition of certain elements to the base 
metal and by using a suitable flame adjustment during 
welding. In general purpose bronze welding rods, ele¬ 
ments have been added to reduce the vaporization of the 
zinc during welding. 

The same joint design is used for welding brass as for 
welding steel of the same thickness. For brass pipe and 
tubing, the straight butt weld is recommended for wall 
thicknesses greater than Vs in. In light-wall brass tub¬ 
ing the bell-and-spigot type joint is sometimes used. A 
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After Paintino Iron Cement Around the Opening and Pre> 
heating the Metal to Be Removed to a Red Heat, the Oxidizing 
Flame la Used to Melt Out the Opening 


welding rod of composition similar to the base metal is 
recommended for welding brass. 

Flame Adjustment for Brass 

When brass base metal is brought almost to the melt¬ 
ing point by means of a neutral flame, zinc fumes start 
coming off and the surface of the metal is rather bright. 
If the flow of acetylene is then gradually reduced, or the 
flow of oxygen increased, it will be noticed that at a cer¬ 
tain point of excess-oxygen flame adjustment a distinct 
coating is formed on the surface of the brass. The flame 
adjustment at this point is strongly oxidizing, but the 
excess of oxygen in the flame shoiild not be increased 
further, as the coating or film will then become so thick 
and refractory as to interfere with the welding action. By 
using the oxidizing flame adjustment which just begins 
to produce film, i.e., when the coating just becomes vis¬ 
ible, the boiling and fuming of the base metal will be 
practically eliminated. This is the point at which the 
best welds, free from porosity and with good tensile 
strength, are produced. 

It is necessary to use a suitable flux whether any rod 
metal is being added or not, due to the formation of the 
coating on the molten puddle. Both Brazo flux and 
Cromaloy flux have been found satisfactory for welding 
these metals. The flux should be applied by mixing it 
with water to form a paste, which is painted both on the 
rod and on the base metal. 

Welding Technique for Brass 

The technique for depositing rod metal in welding 
brass is similar to that used for welding steel. Either 
forehand or backhand welding may be used, but forehand 
welding generally will produce more satisfactory results. 

The tendency of zinc to volatilize from the molten 
puddle is increased if the puddle is overheated. Efforts 
should therefore be made to use just a sufficient amount of 
heat to make the weld properly. Certain brasses can be 
joined with general purpose bronze welding rod, but they 
are of different composition and have a melting point 
slightly higher than that of the rod. These brasses can 
be joined by a bronze-welding technique even though the 
difference in melting point between that of the welding 
rod and that of the base metal is not great enough to 
make it a true bronze-weld. However, with an alloy such 
as 95% copper and 5% zinc, best results are obtained by 
welding with a general purpose bronze welding rod and 
a true bronze-welding technique, rather than by making 
a fusion weld. 

Flame-Shaptng Brass 

In many operations on brass, particularly in brass 
piping installations, openings of various sizes are re¬ 
quired. It is frequently easier and cheaper to melt out 


the opening with the oxyacetylene flame than to use 
mechanical means to cut it out. Even the ends of brass 
pipe for branch connections can be shaped in this way. 

The opening, regardless of shape, is first laid out on 
the work. A mixture of water and a quick-drying iron 
cement, such as is used in calking bell-and-spigot joints, 
is then applied by brush around the outer limits of the 
scribed opening. This paste mixture should be thick 
enough to build up on the brush considerably without 
dripping. One or more coats may be required to paint a 
band ’/t to */* in. wide completely around the desired 
opening. As the paste dries under the heat of the blow¬ 
pipe flame, it acts as a refractory material and protects 
the metal underneath. This limits the melting of the 
metal to a certain extent and aids in keeping the melting 
in the area it is desired to remove. 

The excess-oxygen flame is used to melt out the desired 
shape. The flame is tilted so that it points in the direc¬ 
tion of melting at an angle of about 30° to the surface of 
the metal. As the outer limits of the opening are ap¬ 
proached, the blowpipe is gradually straightened up to 
square off the melted edge. Any solidified drippings or 
icicles are melted away by tipping the blowpipe so as to 
undercut the edge slightly. 

In making branch connections, the end of the brass 
pipe is first marked off. After the paste mixture is ap¬ 
plied as a protective guide, the pipe is positioned hori¬ 
zontally and the melting is started at the highest point. 
For maximum accuracy the operator works in sections 
as shown on the diagram. 

m. Copper-Tin Alloys—Bionies 

Relatively little welding is done on the bronzes because 
there are relatively few commercial applications for 
them in which welding is required. The process is most 
frequently used for making repairs. 

In welding the various copper-tin alloys a welding rod 
similar in composition to the base metal can be used if an 
exact color match is desired. Otherwise, a general pur- 



Melt Sections in Order Indicated 

This Sketch Shows th« Recommended Secraence ol 
Hole*. Am the Edge of the Hole Is Reached, the BlowpiM b 
Tipped ao u to Undercut Slightly, Thua Aaaozing a Sharp Edge 
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Welds in Eveidur Metal Are Made with an Everdur Metal 
Welding Rod, Silicon-Bronze Flux and an Oxidizing Flame. 
Either Forehand or Backhand Technique Can Be Us^, with 
the Forehand Method Preierred on Light Gage Stock 


Rolled and Extruded Bronzes 

Rolled or extruded bronzes should present no diffi¬ 
culty in welding because almost any of these alloys that 
have been previously hot-worked have good strength 
under welding conditions. The more complex casting 
alloys, however, require special care because these al¬ 
loys have little resistance to hot work and to stress at 
high temperatures. Proper preheating will greatly assist 
in making sound welds and in relieving stresses in the 
base metal. 

In parts in which there is no objection to a hairline on 
the surface, welding can be done from the back without 
veeing. The two parts are clamped tightly together, a 
tack-weld is made at one end of the seam, and welding is 
started at the other end. Where hollow sections such as 
doors, window sashes and similar parts are joined, welding 
is usually done from the front. The edges should be veed 
before clamping. The weld should be made with only a 
slight reinforcement, taking care to avoid any low spots. 
Attachments such as cleats, fasteners or ornaments on a 
frame should be welded to the individual part of the 
frame before assembly of the whole structure. 


IV. Copper-Silicon Alloys 

In addition to its use as a deoxidizer of copper and 
copper alloys, silicon is added to copper for the purpose 
of improving the mechanical properties. One of the 
earliest of the copper-silicon alloys is the familiar Everdur 
metal. Other copper-silicon alloys that have been com¬ 
mercialized usually include a third element such as zinc, 
tin or nickel. The copper-silicon alloys are weldable, 
they have lower heat conductivity than copper, they 
are not so sensitive to over-heating as are other copper 
alloys; and during welding a flux like, continuous 
liquid glass film is formed, which covers and protects the 
molten weld metal. 

The joint design used for welding these alloys is similar 
to that for steel. It is recommended that thicknesses up 
to Vs in. be welded in one pass, while thicker plate should 
be welded in two or more passes. 

It is preferable to weld the copper-silicon alloys with 
a welding rod of a composition similar to that of the base 
metal. Everdur bronze welding rod and silicon bronze 
flux is recommended for welding Everdur metal. 


pose bronze-welding rod and a bronze-welding technique 
are used. A flux such as Brazo flux should 1^ used. It 
is applied to the weld puddle by dipping the end of the 
heated rod into the can. 

Flame Adjustment for Bronze 

As in the welding of the brasses, it is important to ad¬ 
just the flame so as to eliminate vaporization of the con¬ 
stituents of the base metal or of the rod and also to pre¬ 
vent boiling of the puddle. A strongly oxidizing flame 
should be used, but the amount of excess oxygen has to 
be determined individually for each base met^. 

In general, the term bronze is applied to those alloys 
of copper containing relatively high percentages of tin 
and lead, with or without small amounts of zinc. A 
number of miscellaneous alloys, such as those containing 
various amounts of nickel, are also referred to as bronzes 
if the nickel does not exceed 50% of the composition. 

During the fusion welding of bronzes that contain rela¬ 
tively high amounts of tin, lead or phosphorus, alone or 
in combination, it will be observed that these constituents 
start melting out before the base metal has even reached 
a red heat. By using a strongly excess-oxygen flame for 
both preheating and welding, however, this tendency is 
eliminated. After the base metal has melted and there is 
a noticeable film on the surface of the molten puddle, the 
amount of excess oxygen in the flame should be varied 
over a fairly wide range. As this adjustment is changed, 
it will be found that for one particular flame adjustment 
the film or coating tends to disappear and a bright sur¬ 
face is maintained on the puddle. This is the correct 
flame adjustment necessary for good welding of these 
alloys. Usually a few preliminary trials will determine 
the adjustment; once it is found, welds free from holes 
or gas inclusions and with well-distributed tin, lead and 
phosphorus content can be made. 


Extruded Brazs Hollow Sections Are Usually Welded Irom the 
Top, with Minimum Reinlorcement. After Finishing, the Weld 
Is Practically Unnotlceahle 




Flame Adjustment and Welding Technique 

A concentrated flame in a small welding puddle is best 
for welding the copper-silicon alloys. The liquid glass 
film on the molten weld metal makes it possible to use 
the smaller and hotter oxidizing flame without producing 
the detrijnental effects often caused by the excess oxygen. 

In general, it is preferable not to clamp the base metal 
tightly in jigs because most copper-silicon alloys are 
somewhat hot-short. A light back-up bar may be used, 
although by proper manipulation of the welding rod and 
blowpipe good fusion and puddle control can be ob¬ 
tained. 

These alloys should be welded as rapidly as possible to 


keep the shrinkage stresses in the red-hot metal as low 
as possible. As for copper, when heavy gages are being 
joined, the weld should be started at some distance in 
from the edge of the base metal and completed to one 
edge, returning to the start to complete the weld to the 
other edge. This should always be done when making 
the second weld of a two-pass weld, or, if for any reason, 
the weld is to be heated again by the blowpipe flame. 

In general, no aftertreatment is requir^ on oxyacety- 
lene welds in these alloys. The mechanical propertiescan 
be improved by hot-hammering although this is seldom 
done. A method that will improve the grain structure, 
but that will probably show no improvement in ductility, 
is cold-peening followed by complete or local annealing. 


Evolution of 


a Railroad Well Car 
by Arc Welding* 


Constructed 


C. M. Taylor* 


A lthough subjected to most severe 
kind of punishment in actual serv¬ 
ice, well cars such as the one pictured in 
Fig. 1, along with other railroad rolling 
stock, are being turned out in ever-in¬ 
creasing quantities and with a minimum of 
time and effort due to the modem process 
of shielded arc welding. 

While the methods used in building well 
cars at the Altoona shc^s of the Pennsyl¬ 
vania Railroad do not necessarily deviate 
from standard welding practices followed 
by other fabricators, it is interesting to 
follow the logical evolution of this struc¬ 
ture from standard cut and shaped pieces to 
the finished product. 

The main longitudinal members consist 
of the two side sill pieces measuring 2>/i 
in. by 6 in. and V 4 w- by 12 in., total 
length of each being 53 ft., 2 in. 

In welding'these assemblies, the parts 


* Data and Photos Courtesy The Lincoln 
Electric Railway Sales Co„ Cleveland, O. 
t Vice-President, Lincoln Electric Co. 



Fig. 2—Holddown Arrangement in This Fixture Consists of 7 Heatiy Members 
Clamped to Put Camber in Sills to Compensate for Distortion During Welding 



Fig. 1—Railroad Well2Car7of_250,000 Lb. Capacity Produced by Modem Arc-Welding Methods 
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Fig. 4—Close-up oi Final Welding Operations 
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Fig. 5—All-Welded Car Frame Ready for Painting and Truck Installation 


are first tacked and placed in a hold-down 
jig seen in Fig. 2. Here finish welding is 
done in two passes with a welding se¬ 
quence to minimize distortion. Further 
precautions against undue distortion dur¬ 
ing welding are taken by putting a camber 
in the sill members by means of the seven 
horizontal cross pieces at the top of the 
fixture which clamp down the work. Mild 
steel electrode of */u-in. size is used for 
this phase of the operation. 


The same general fabricating pro¬ 
cedures are used in welding the center sill. 
This structure is of heavier construction, 
the finish welded piece measuring 36 in 
by 2V4 in. 

The car framework begins to assume its 
complete shape as cross supporting mem¬ 
bers are tack welded in place. Inter¬ 
mittent beads about 2 in. in length are ap¬ 
plied to the V«-in. and 2V»-in. thick cross 
connections. 


An overhead crane positions the work 
on its side (Fig. 3) to effect flat and down- 
hand welding of all main joints. The same 
general procedure is used to weld the 
underside joints as well as the brake rig¬ 
ging and couplers. For this phase of the 
operation the unit is placed in an upside 
down position (Fig. 4). 

The completely welded structure, ready 
for installation of the trucks, is shown in 
Fig. 5. 


Electric Arc Welding Helps Make Mass 
Production of Penicillin Possible 


By G. G. Landisf 


ALTHOUGH much emphasis has been placed on 

/% the production achievements realized in turning 
4\. out Ships, tanks, planes, guns, ammunition and 
other materials primarily designed to destroy lives, an¬ 
other notable phase of U. S. productive ability for which 
the process of shielded arc welding has also been largely 
responsible has been that where life-saving drugs such as 
penicillin are now made in mass quantities. 

Today’s large-scale production of this powerful germ- 
killer, has been made possible by scientific medical 
knowledge and research coupled with modem methods 
of fabricating the structures and equipment necessary to 
supply enough penicillin for war and some civilian de¬ 
mands. 

One of the most troublesome problems posed in the 
production of penicillin was that of meeting the need for 
a large volume of the drug in the shortest possible time. 
This meant that a method must be found that would re¬ 
place the time-consuming laboratory procedures which 
involved use of thousands of half-gallon bottles in which 
small batches were brewed. 

Plans were quickly formulated which called for com¬ 
plete new penicillin plants (see Fig. 1) approximating the 

t Chief Engineer. The Lincoln Electric Co., Cleveland, Ohio. 



Courltiy Commercial Solvents Corp. 


Fig. 1—Similar in Appearance to a Synthetic Processing 
Installation, This Penicillin-Producing Plant Is One of 19 
Concerns Where Welding Was U^iz^ Extensively in Con¬ 
struction 
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chutes and scores of other items which make up complete 
plant equipment. 

In this connection the term "tank” includes many 
types and sizes of open or closed tanks, vats, gas holders 
and pressure vessels, some of which range up to 15,000- 
gal. capacity. Figure 2, for example, shows a type of 
tank used in producing penicillin. The all-welded ves¬ 
sels in this one instaOation are capable of producing 
4000 gal. of media per day. 

Other interesting vessels of welded construction in¬ 
clude the dryers, Fig. 3, in which penicillin-sodium is de¬ 
hydrated by low-temperature, high-vacuum sublima¬ 
tion. The welds in this particular vessel must be ab¬ 
solutely free from leaks in order to maintain the vacuum 
necessary to the desiccation process. 

Fi^re 4 shows the purification room where welded 
extraction tanks are used in making the final sodium salt 
solution of penicillin. In these tanks the water is sepa- 


Courltsy Abbott Laboratories 

Fig. 4—Extraction Tanks, Fittings, Platform, Etc., in This 
Purification Room Are Built by the Welding Arc 


rated from the filtered penicillin solution. The exten¬ 
sive use of welded construction is indicated in this view 
by the welded stairway, railings, platform and miscella¬ 
neous pipe connections. 

In connection with these tanks or pressure vessels, it is 
interesting to note that a considerable number of the 
joints are butt welded. For spheres and spheroids a 
single 60° V-groove is commonly used. The upper half 
of a sphere is usually welded from the outside against 
back-up bars tack welded on the inside to one of the abut¬ 
ting edges. The lower half of the unit is welded mostly 
from the inside, but a small groove is chipped outside 
into the weld metal deposited from the inside. The 
groove is chipped along the apex of the V, then filled by 
overhead welding. 

Bottoms of spheroids are usually butt welded to- 


« Courtesy AbMt Laboralortes 

Fig. 2—Adding Com-Steep Solids to an All-Welded Tank. 
Structures in Ihis Group Axe Capable of Producing 4000 Gal. 
of Media per Day 


appearance of a petroleum refinery or synthetic product- 
producing installation. This t}^ of fabrication re¬ 
quired a simple, fast method of construction, yet one 
which would meet specific and exacting requirements. 
How welding fitted into this program can be judged from 
the fact that in some of the 19 or more plants producing 
the drug, approximately 90% of the metal fabrication is 
of welded design. 

Not only was welding employed in the structural 
framework of the plants but the process proved to be 
the most suitable for the construction of all types of 
piping, for storage hoppers, silos, bins, conveyors, lifts. 


Courtesy National Research Corp. gether from the top side against back-up bars or strips. 


Fig. a-Diyers of Welded Design in Which PenicUlin-Sodium Plates are welded in a similar manner. Side see¬ 

ls Dehy^ated by Low-Temperature High-Vacuum Process tions whether in one piece or in several sections, may be 
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standard angles and shapes into one rigid integral unit. 
These conveyors are used to hold bottles of mold during 
sporulation. The operator is shown checking mold sporu- 
lation in one of the bottles taken from the handy con¬ 
veyor. 

Additional 'use of the welding process includes the 
fabrication of items made of both carbon and stainless 
steel, connecting either nipples or couplings and stainless 
steel tubing and for gene^ maintenance in effecting re¬ 
pairs and in erecting plant additions. 

Officials of the 19 principal plants in the United States, 
which are said to produce about 95% of the world’s sup¬ 
ply of penicillin, agree that without the benefits of mod¬ 
em welding techniques, it would not have been possible 
to reach today’s peak of penicillin production which is 
expected to soon exceed a volume sufficient to treat 
250,000 serious infections per day. 

The material for this article was taken from data re* 
ceived from the following companies: Abbott Labora¬ 
tories, Chicago, Ill.; Allied Molasses Corp., Brooklyn, 
N. Y.; E. B. Badger & Sons Co., Boston, Mass.; Com- 
merci^ Solvents Corp., Terre Haute, Ind.; Cutter Labo¬ 
ratories, Berkeley, Calif.; Hoffmann-La Roche, Nutley, 
N.J.; Merck & Co., Ltd., Montreal, Canada; Natfonai 
Research Corp., Boston, Mass.; Chas.-Pfizer Chemical 
Co., Brooklyn, N. Y.; Reichel Laboratories, Kimberton, 
Pa.; The Upjohn Co., Kalamazoo, Mich. 


Fig. 5—National Research Vacuum Diffusion Process Punming 
Unit Is a Typical Example of Welded Machine Design Used 
in Penicillin Production 


welded from both sides, from the outside only, or against 
back-up strip on the inside. 

One tank-like stmcture of unusual design is the all- 
welded National Research Vacuiwn Diffusion Process 
high-vacuum pumping unit shown in Fig. 5. This diffu¬ 
sion pump, built of welded steel, has a capacity of 10 
lb. of water vapor per hour at 100 microns pressure ab¬ 
solute. Note that base, vessel body and all permanent 
sections of piping and fittings are solidly welded to assure 
absolute leakproof construction. 

The adaptability of the welding arc to numerous items 
that are specially designed to facilitate the conveying and 
handling of penicillin cultures, molds, etc., used in this 
drug-pr^ucing process is exemplified in Fig. 6. Here 
specif rack-type conveyors are shown which were made 
to exact specifications by means of welding together 


Courtesy Abbott Laboratories 

Fig. 6—Numerous Items of Plant Equipment Such as This Rack 
Conveyor for Penicillin Mold Bottles Are Ea^y Built to Speci¬ 
fications by Arc Welding 
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Failure of Spherical Hydrogen Storage 

Tank* 

By A. L. Brown^ and J. B. Smith^ 


O N FEB. 16,1943, at 2:47 P.M. eastern war time, a 
spherical hydrogen storage tank, 38.5 ft. in 
ameter, located beside the gas generator build¬ 
ing, General Electric Co., Schenectady, N. Y., failed 
structurally with explosive violence. The sphere was 
made of welded sted plate, and materials, design and 
erection were in accordance with the A.S.M.E. Code. 
The tank was designed for a working pressure of 50 psi. 
and contained hydrogen gas at about 50 psi. gage pres¬ 
sure. It was protected against normal excess pressure 
by two 2-in. relief valves. One of the valves, not seri¬ 
ously damaged by the accident, was tested with air 
and fotmd to open properly at from 53 to 58 psi. gage. 

* Repriated from June 1944 Usue Mechanical Engineering;, 
t In»ection Department, AuMiated Factory Mutual Fire Insurance Com* 
panics, Boston, Mass. 

A subcommittee, appointed by the A.S.M.E, Boiler Code Committee, is 
reviewing; the accident described in this report as well as other rriat^ ex¬ 
periences. If the causes of the acddent can be avoided by cbanges in the 
ntlea of the A.S.M.E. Unfired Pressure Vessel Code, this committee will offer 
sosgestions to the Boiler Code Committee. For this reason, recommenda¬ 
tions contained in tffe Associated Factory Mutual Fire Insurance Companies' 
report, which would directly involve dumges in the Code requirements, have 
been omitted from thisartide.— Editor iiickanicoi Entimertnt. 


Immediately preceding the accident there was a 36-hr. 
period of subzero temperature, following which the 
thermometer rose about 27° F. in 7 hr. and was about 
10° F. when failure occurred. At this time the sun was 
shining on a point about diametrically opposite the man¬ 
hole. 

The generally excellent quality of the welding is 
demonstrated by the fact that only a few feet of frac¬ 
ture followed the many feet of welded seams. It is sig¬ 
nificant also that the fractures did not involve, except 
in a minor way, the support-leg attachments where there 
are concentrate stresses due to the loads from the dead 
weight of the sphere. 

Occurrence of Fractures 

The sphere burst into about 20 frs^fments (Fig. 1). 
Each piece was surveyed, and using the welds as refer¬ 
ence luies, all fractures were plotted to scale on a model 
sphere 15 in. in diameter. An inspection was also made 
of the characteristic "herringbone" markings (Fig. 2), 



Fig. 1—External Views of Sphere Showing Fracture Lines 
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Fig. 2—Typical ''Heriingbonea" on Fracture Edgea 
Arrows formed point toward origin of tear. 


indicate that fractures nearest 
the manhole separated first in 
a manner which caused the 
sections to hinge more or less 
about their “trailing” edges. 
This accounts for their landing 
slightly off the extended radii 
joining their centers with the 
center of the sphere. The 
minimum hinging would be 
expected where the first frac¬ 
tures, having the highest vel¬ 
ocities, developed; this is found 
to be true of the fragments 
nearest the manhole and also 
of Nos. 11 and 12, which must 
have been among the first to 
separate since they were 
thrown furthest by internal 
pressure. 

All eight anchor bolts attach¬ 
ing the V posts to the footings 
were sheared outward. Three 


indicative of the direction of tearing, on both edges of the of the four welded support base plates were tom from 

total of 650 ft. of fracture; and arrows showing the the V posts. Three of the V posts remained attached to 

actual herringbone directions were drawn on the frac- sphere fragments. 

ture lines. This synthesis indicated that failure began 

at the 20-in.-diam. manhole neck. The arrows shown j'he Cause 

on the fracture lines (Fig. 1) point in the direction of the 

“herringbones” which themselves point toward the tear On the basis of available information, this sphere is 
origin. From the manole the tears radiated over the the only one of about five hundred already installed to 
entire surface, almost instantaneously, releasing the fail stmcturally while in service. Although, at first, 
fragments, which were blown into their final resting appearances indicated that an internal-combustion ex¬ 
places by expansion of the compressed hydrogen. The plosion had occurred, this theory was not supported by 
intensity of failure was greatest near the manhole and the evidence. 

in the bottom cap. It was concluded that the structural failure resulted 

Reasoning from convex and concave bends found in from the accidental coincidence of a number of factors, 
the manhole cover, the failure originated at point C each imfavorable to the stability of the sphere, which, 
(Figs. 1, 3, 4 and 5), in an incipient crack in the sheared if considered singly, would probably not have seemed 
inside edge of the neck where plate shears had left a tom serious. 

surface. From C a fracture ran to the left (facing the The unfavorable factors included: 

manhole, Fig. 1). Also along this line a bulge from in- 1. A stress level, from the normal internal hydrogen 

temal pressure started and produced second and third pressure, that was higher at the manhole neck than else- 
fractures at similar incipient cracks in the neck at A and where in the sphere owing to the stress-raising effect of 
B. The initial movement produced the slight but the 20-in. opening, despite its reinforcement, 
noticeable convex cover bend (Fig. 5). Immediately 2. Residual stresses of yield-point values in the same 
following, the fractures freed fragments 15 and 2, and the location due to the shrinkage of the large amount of weld 
remote ends, moving radially outward, produced the metal deposited in the joint between the manhole neck 
marked concave bend in the cover and the failure of the and the reinforced sphere plate. These stresses are 
bolts by combined tension and shear. believed to be triaxial, as shown in detail in Fig. 3. 

In the meantime, the fractures beginning at B and A They would seriously restrict plastic flow’Jneccssary for 
had run, respectively, down to 
the left of fragment No. 12, 
and up to the l^t of fragment 
No. 11 across the pole caps to 
the junction at the top of No. 

12. This formed the first com¬ 
plete circumferential fracture 
dividing the sphere in two 
hemispheres. The final resting 
places of the fragments sup¬ 
ports this reconstruction of the 
progress of the failure which 
proceeded so rapidly, because 
of the self-producing-shock 
character of the breaks, that 
almost complete fragmentation 
occurred before anything more 
than the initial acceleration of 
individual pieces was under 
way. 

The fragment locations also Fig. 3—Location of Manhole Fracturei 
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self-relief of the stresses so'that failure could occur after 
relatively little additional stress. 

The inner edge of the manhole neck was deformed 
radially outward up to '/s in. by shrinkage stresses from 
welding (Fig. 4) which showed that the metal at this 
location had been stressed above its 3 rield point and 
retained yield-point stresses except where partly relieved 
by local cracking. 

Attesting to tie severity of these stresses and the re¬ 
stricted plastic flow was the apparent presence before the 
accident of one large radial crack, and possibly others, 
in the manhole neck adjacent to the aforementioned weld. 
These cracks are discussed later in this article. 

3. The greatly increased brittleness, under the low- 
temperature conditions, of the particular grade of welded 
plate used, when notched as by cracks and when exposed 
to a relatively slight shock. This characteristic was es¬ 
tablished by Charpy impact tests on samples cut from 
the failed sphere and is a we'l-known property of the 
semikilled steel involved. In addition to the brittleness 
of the plate were the biaxial stresses from the internal 
pressure which are equal in both directions throughout a 
sphere. These factors, combined with the large amount 
of energy available from the compressed gas as com¬ 
pared with water, resulted in the continued progress of 
initial fractiue into many tears which separated the 
sphere plate into a number of pieces that were thrown 
forcibly outward. 

4. The probable occurrence of some type of shock 
imparted to any part of the sphere. This may have 
been the formation of another crack, similar to the one at 
F (Figs. 3 and 6), as a result of increasing hydrogen pres¬ 
sure caused by the rapid rise of outdoor temperature and 
the sun’s rays; or possible increases in plate stresses, 
particularly in the area around the manhole, due to 
uneven heating by the sun’s rays of portions of the 
sphere, or, in view of the unusually cold weather, to 


frost shock transmitted through pipe connections or 
support legs from the frozen ground. 


Description of Sphere 

The sphere plates of steel 0.66 in. thick were arranged 
in five zones corresponding, from top to bottom, to the 
Arctic, North Temperate, Torrid, South Temperate and 
Antarctic zones, into which the earth’s surface has been 
arbitrarily divided. The Arctic and Antarctic zones con¬ 
tained two plates each; the other three zones, 16 plates 
each. The vessel was designed in accordance with Par. 
U-69 of the A.S.M.E. Code for Unfired Pressure Vessels 
for a maximum working pressure of 50 psi. based upon 
an allowable unit working stress of 11,000 psi. and a weld- 
joint efficiency of 80%. 

The plates were shop-formed cold and were erected in 
the field by the builder of this spherical container during 
September and October of 19^. The joints were arc 
welded. Covered electrodes were us^ in welding. 
In line with Par. U-69 of the A.S.M.E. Code, neither 
fhe (»mpleted ves^ nor any part of it was stress relieved 
after wdding. 

The sphere stood on four concrete footings which 
were carried 5.5 ft. below grade. From each footing, 
two steel-angle support legs diverged and were welded to 
support pads S3nnmetrically spaced aroimd the hori¬ 
zontal seam, just below the Torrid zone. At the point of 
attachment the supports were tangential to the sphere. 

The sphere was tested with air pressure at 62.5 psi. 
gage for about one hour on Oct. 10, 1942. After the test 
the pressure was dropped to 50 psi. and no leaks were 
found when the welds were covered with soap solution. 
Several days prior to October 10 the vessel had been 
hammer-tested by the erector's workmen while it was 
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Fig. S—Double Bend in Manhole Cover 
Reassembly of fragments except No. 2 


filled with air at atmosphere pressure. It was placed in 
service about the middle of December 1942. 

Improbability Internal Explosion 

Immediately following the accident, a careful study was 
made to determine if an internal-combustion explosion of 
hydrogen-air or hydrogen-oxygen mixture had occurred. 
This included a study of; the sphere history fol¬ 
lowing installation; the detailed method of hydrogen 
generation and ptuity tests; low-, intermediate-, and 
high-pressure piunping and storage systems; operating 
practice and s^ety precautions at the gas plant; and a 
thorough examination of evi¬ 
dence and test of equipment 
remaining after the accident. 

The simultaneous occur¬ 
rence of a source of ignition and 
a mixture of air or oxygen with 
the hydrogen, within the limits 
of inflam m ability, would have 
been required to have an inter¬ 
nal-combustion explosion. 

The report on which this ar¬ 
ticle is based covers the details 
of the hydrogen system, the 
possibilities of ignition of an 
explosive mixture, whether or 
not such a mixture could have 
been present, and what evi¬ 
dence there was that the failure 
was caused by internal-explo¬ 
sion pressure. The theory of 
internal explosion is not sup¬ 
ported by ^e evidence. 

Calculations indicate that 
there was sufficient energy 
from the expansion of the com¬ 
pressed hydrogen alone, if 
wholly applied to raising the 
65-ton sphere, to lift it about 


1800 ft.; this would provide many times the energy 
needed to throw all the fragments to their final resting 
places. 

The Manhole 

Description 

The manhole, Fig. 7, where the failure is believed to 
have originated, was designed and welded in accordance 
with the Code requirements and common practice. It 
consisted of four parts. The bolting flange and neck 
constituted one subassembly, and the reinforcing collar 
and sphere plate comprised the other. Each was welded 
at the builder's shop and shipped to Schenectady. On the 
field site the neck and flange assembly was joined with a 
very heavy weld to the plate and collar assembly while 
both were lying on the ground. 

The neck consisted of a strip */a in. thick, sheared 9 in. 
wide, and cut to a length of about 5*/* ft. This strip 
was rolled into a ring 20 in. inside diameter and joined 
in the shop by a vertical butt-welded joint. The bolt¬ 
ing flange was then welded in place and machined to give 
a finished surface for the cover gasket. 

Residual Shrinkage Stresses from Welding 

As would be expected, the field weld, for which many 
passes were necessary in order to deposit the large 
amoimt of weld metal, produced severe thermal stresses. 
These stresses resulted in plastic deformation and poten¬ 
tial crack formation in the neck (Fig. 4). The inside 
circular edge of the neck project^ from V» to ‘/s in. 
above the weld into the sphere. In some places this 
edge was bent outward Vs so that the diameter at the 
inside edge was approximately greater than the 

normal-diameter neck (Fig. 4). 

The metal in the nedc next to the weld was probably 
under triaxial stresses. This stress condition would 
greatly restrain the flow of the metal under yield-iwint 
stresses upon which ductility depends. The three differ¬ 
ent stresses would be (see Fig. 3): (1) the normal hori¬ 
zontal hoop tension; (2) the horizontal radial tension 
in the neck from shrinkage of the siurounding sphere 
plate away from the neck; and (3) vertical surface ten- 



Fig. 6—Old Crack at F, Fig. 3, in Inside Edge of Manhole Neck After Buffing and Magnafloz 
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sion parallel to the neck axis caused by shrinkage of the 
large weld on the outside. The directions of these stres¬ 
ses are indicated in Fig. 3. The reduced ductility under 
triaxial stresses probably a<!counts for the cradc men¬ 
tioned {F in Fig. 3). 'ftlien pressed open in a testing 
machine to expose the inside surfaces, the crack was 
found to be completely covered with a dark brown oxide 
which indicated that it was old and probably had been 
present prior to the failtu’e of the sphere. However, the 
manhole fragments were exposed to the weather for 
about three weeks prior to careful examination. The 
crack could have occurred at the time of cooling follow¬ 
ing the weld or, even more likely, under the combined 
residual cooling stresses and the ^ded stresses produced 
by the test pressure. It seems likely that the crack did 
not proceed beyond the multiaxial fiighly stressed zone 
at the time, because it occurred while the metal was 
at normal temperature and not under the cold brittle 
condition. 

Two other unopened cracks, D and E, were foimd 
and were forced open for inspection. Ihese were only 
partly oxidized and were light reddish in color, which 
showed that they were new and had probably been 
caused by the accident. 

Sheared Edge of Manhole Neck 

Three main vertical fractures (designated A, B and C, 
Fig. 3) were found in radial planes in the neck, as well as 
two new {D and E) and one old crack (F), already men¬ 
tioned, which id not become fractiues. The vertical 
fractures branched into horizontal fractures between the 
bolting flange and reinforcing ring, so that two pieces (n 
and r) of the bolting flange separated from the neck. 
The herringbones on all the vertical fractures and cracks 
indicated that they originated at the inside edge of the 
neck. 

This inner edge of the neck (Fig. 4), left in the “as- 
sheared” condition, had a step with a rough tom 

comer. When this edge was buffed and treated with 
Magnaflux, many minute incipient cracks from Vi« in¬ 
to Vj in. in length and from vm in. to V« in. deep were 
found. There was about one such crack in every inch 
of edge perimeter. While obviously none of these in¬ 
cipient cracks, evident after the accident, was actually 
involved in the failure, others like them probably pro¬ 
vided starting points for the three fractures and the three 
cracks mentioned. It is well known that such incipient 
cracks will act as “stress raisers” and provide points of 
origin favorable to the formation of the larger cracks and 
fractures. 

Stresses from Internal Gas Pressure 

The 20-in. manhole was more than twice the diameter 
of the next largest opening in the continuous skin of the 
sphere. Alfiiough the opening was designed in ac¬ 
cordance with the A.S.M.E. Code, and was reinforced 
by an annular ring, 7 in. wide and Vs in. thick, and a por¬ 
tion of the neck itself, stress studies in other vessels with 
similar reinforced openings in which actual strains have 
been measured by means of gage points show that the 
stre ss in the plate adjacent to the manhole, resulting 
from internal gas pressure, could have been expected to 
be appreciably higher than at any other point in the 
sphere. 

Cumulative Effect of Stresses and Sheared Edge 

It is therefore apparent that excessive stresses from 
thermal contraction after welding were present as evi¬ 
denced by neck deformation. These stresses, added 
to the stress from the internal gas pressure, and at¬ 
mosphere temperatiue conditions in the presence of the 
rough sheared edge with its many incipient cracks ad¬ 



jacent to the weld combined to favor the formation of 
large cracks which would seriously affect the safety of the 
structure, especially when subjected to a shock. It is 
therefore likdy that the three main vertical fractures in 
the manhole had their origin at the incipient cracks in the 
unfinished edge, and there is a strong possibility that one 
of these incipient cracks had, at the time of accident, 
developed into a crack comparable in extent to the one 
found with the dark brown oxide coating and that this 
was the trigger setting off the rapid progressive failure 
under the brittle plate conditions. 

Conclusions 

The character of this failure was due chiefly to the 
brittleness, tmdet the conditions existing at the time, 
of the steel plates from which the sphere was constructed. 
Such brittleness, as shown by notched impact tests of the 
st^ at corresponding temperatures, combined with 
stresses of a character (multiaxial) which restricts duc¬ 
tility and favors a brittle t 5 T)e of fracture, brought about 
a characteristic fragmentation or a rupture into a con¬ 
siderable number of pieces with the fractmes showing 
little evidence of the reduction in area or shear which 
would be present with a simple tension failure. Much 
more extensive fracturing of this type can occur from 
the expenditure of a given amount of energy than if the 
breaks were of the more frequently experienced uni¬ 
directional tension type occurring in plate of normal 
characteristics. 

Failure by extensive fragmentation may give an 
impression of the existence of energy unusual in char¬ 
acter or amoimt, but such is not necessarily the case. 
With the great amount of total energy stored in com¬ 
pressed gas and with its potentially rapid rate of release, 
complete rupturing of some type may result. The ex¬ 
ternal damage is a consequence of the liberation of great 
energy rather than of the type of fracture of the container 

Neither a low value of notched impact resistance nor 
the existence of multiaxial stresses reduces the actual 
ultimate tensile strength of the steel. However, the 
former leads to the occurrence or spread of fractmes 
tmder exposure to shock while tmder stress, whereas the 
same stress and shock conditions would not produce 
such extensive fracturing in the case of a more ductile 
steel. The latter condition, by diminishing the ductile 
flow of metal, has the effect of raising the yield point to 
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values approaching the ultimate strength, thereby inter¬ 
fering with a reduction of high local stresses by stretching 
in the vicinity. ' If stresses up to the yield point have oc¬ 
curred, they will remain at a value not safely below the 
ultimate strength. A relatively small additional stress 
or shock can then produce a failure. 

This accident demonstrates that the use of steel having 
a low notched impact value at operating temperature 
favors the development and progress of the failure. It 
therefore seems a sound move in a practical direction, 
when constructing vessels of this type, to call for steel 
having a good notched impact value at the minimum 
temperature to be anticipated at the location of the 
vessel. 

It is important that, in the design of structures which 
have considerable energy available for self-destruction 
and serious external damage, the metal be of good duc¬ 
tility, and also that indeterminate high local stresses 
produced by fabrication or by poor distribution of work¬ 
ing stresses be eliminated, or at least minimized, by all 
practical measures. 

In a non-stre.ss-relieved pressme container, residual 
stresses of uncertain magnitude can remain after weld¬ 
ing, especially at points of complicated stress arrange¬ 
ment. This possibility exists even with the best quality 
of welding, carefully developed welding procedure, and 
the use of high-grade, ductile, base metal. 

Even though experience has shown that only a very few 
such structures have failed, the extreme danger to life 
and property emphasizes the importance of avoiding 
high residual stresses by methods of proved effectiveness. 

Owing to the serious consequences of failure of a gas 
container under pressure, as demonstrated in this case, 
a maximum air test pressure of only one and one-quarter 
times the working pressure was applied to this sphere 
following its completion. 

Its value in disclosing defects which are serious struc¬ 
turally or in contributing materially to stress relief may 
well be questioned in view of the proportionally lai^er 
variables introduced by working conditions. Obviously 


its adequacy is not comparable with the generally advised 
and accepted hydraulic test at double the working 
pressure. Despite the increased cost over vessels not 
tested in this way there is no apparent sound reason 
for accepting an uncertain low factor of Strength in this 
hazardous t 5 T)e of equipment.. 

Manholes ^ould ^ designed so that weld metal will be 
deposited where complex or multiaxial stresses will be 
avoided as far as possible. Reinforcement around man¬ 
holes or other large openings should be designed and 
fabricated in conjunction with the manhole to give r 
unit which will redistribute safely the stresses which 
would otherwise be carried by the shell of the vessel. 

All welds at manholes, nozzle connections and at the 
point of attachment of supports should be made in the 
builder’s shop. Following this, the assembly consisting 
of the detail and the plate to which it is attached should 
be stress relieved by drawing in a furnace. Finally, the 
subassemblies should be treated with magnetic substance 
and magnetized (Magnafluxed) in order to detect cracks. 

The inside edge of manhole necks and other nozzle 
connections, or similar parts, should be finished smooth 
so as to remove all surface cracks. Absence of cracks 
should then be checked by Magnaflux treatment. 

Piping connected to a sphere should be designed with 
sufficient flexibility to prevent transmission of shock or 
stress to the shell. 

In the case of tanks already erected and having man¬ 
holes of a design similar to that involved in this accident, 
the minimum additional attention which should be given 
to checking potential weakness is to Magnaflux the en¬ 
tire manhole region at the earliest time convenient for 
releasing pressure, and, if necessary for safety, purging 
the vessel with inert gas or air. 

If any cracks are disclosed, the plate containing the 
manhole should be cut out and carefully replaced by p 
manhole and plate subassembly as suggested in th 2 
preceding paragraphs. However, if the cracks are smajl 
they might be removed by grinding without impairing 
the strength of the structure. 


Editorial Note: As usual where there is lack 
of exact quantitative information, those engineers 
concerned with safety will lean heavily on the con¬ 
servative side. Some of the statements and precau¬ 
tions implied as absolutely necessary have yet to be 


demonstrated as necessary and conversely that they 
will provide the desired safety measures. Attention is 
called to needed research in this field and those people 
interested should communicate with the Welding Re¬ 
search Council, 29 W. 39th St. New York 18, N. Y. 
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Production Problems and 
Production Control* 

By £. C. Brekelbanm^ 


U P TO the present time welded fabrication, for the 
most part, has been competing with cast or riv¬ 
eted or forged construction. In most of these 
cases, it was comparatively easy to show savings even 
though the welding practices in use left much to be de¬ 
sired. 

In the future, however, with welding and welded prod¬ 
ucts competing against welding and welded products, 
costs will be a major factor. Haphazard welding practices 
must give way to complete and efficient welding proce¬ 
dures and control. 

Most companies engaged in welding are at a loss as 
how to arrive at the most efficient methods because weld¬ 
ing is performed by a complexity of manual operations— 
•operations where the human element is a tremendously 
powerful influencing factor. As a result, they have relied 
upon one of the following three standard basic methods 
of computing wages: 

Piece-rate method. 

.. Day-rate method. 

^ Base-rate-plus-premium method. 

. Our plant at Milwaukee where all-welded overhead 
tranes, electric hoists, and excavators are built, both the 
Viece-rate and the day-rate welding systems were for¬ 
merly used. Eight consecutive years were spent oper¬ 
ating under piece-rate and three years under the day- 
rate method. 

Close analysis clarified the advantages and disadvan¬ 
tages of both methods and showed the need for a more ap¬ 
propriate system. In the ensuing years, we developed 
and applied a new production welding system (based on 
the base-rate-plus-premium method of compensation) 
which does precisely what its name implies—it provides 
a complete* control of all phases of welded fabrication. 
It employs the use of Arc Timers and Recorders which 
will be explained later in the paper. 

How the Production Welding Control System 
Applies to the Various Methods of Compensation 

It should be clearly understood that any of the three 
basic methods of compensation can be used in conjunc¬ 
tion with the Production Welding Control System. It is 
hot absolutely necessary to change an existing method. 
Whichever method is used, its inherent values can be 
greatly enhanced. On a comparative basis, however, we 
have found that there are more advantages to be gained 
from the base-rate-premium method than from either the 
piece-rate or day-rate method of compensation. Those 
disadvantages ^a.t can be corrected when the basic 
method is used as a functional part of the Production 
Welding Control System are also outlined. 

* Presented at the Twenty.Fifth Annual Meetkag, A.W.S., Cleveland, Ohio. 
Oct. 1&-19. 1944. 

t Welding Superintendent, Hamischfeger Corp., Milwaukee, Wi«. 


The Di 8 adv 2 mtage 8 of the Piece-Rate Method of 
Compensation When Operated by Itself 

1. It is difficult to check as to whether the actual 
amount of welding done (arc time) is equal to the amount 
called for to do the job properly, 

2. There is no control over the welding heat being 
used. 

3. Skimping on the size of welds is possible. 

4. Choice of size and type of electrode can be abused. 

5. There is no check against “bridging” or including 
foreign materials to fill the weld. 

6. Quality is sometimes sacrificed for speed. 

7. There is a tendency to use over-size electrodes. 

8. A great amount of supervision is necessary. 

9. There is no control which insures a fair return to 
each workman on a group welding job. 

10. There is no control whatever of actual welding 
time or cost if the original time study is out of line. 

When the basic piece-rate method is used with the 
Production Welding Control System, all but items 9 and 
10 of the disadvantages can be corrected. Items 9 and 
10 are controllable only under the base-rate-plus-pre¬ 
mium method of compensation. 

Note: Although piece-rate (assuming the original 
time study is right), provides an accurate control of 
cost and production, it involves a total administrative or 
overhead cost that is approximately 50% greater than 
the other two methods. Because the piece-rate method 
invites hurried, careless work, welding procedures are 
difficult, if not impossible to control. 

Under piece work in welding, you have definite cost 
control—. If you have made the proper job time study, 
the job will cost the same every time it is run providing 
nothing unusual happens, whereby, the operator falls 
below his daywork performance. In such a case, most 
plants pay him his day-rate anyway. The cost might 
exceed the original amount slightly at times, but under 
normal circumstances you will get the job for the same 
amount every time it comes through. 

Piece work has functioned very satisfactorily on many 
production applications like machining and other opera¬ 
tions because the factors involving cost could all be 
definitely determined. In these cases, when a time study 
is made, the factors are all set down and a definite cost is 
established. The machine operator cannot vary the fac¬ 
tors and therefore stays well within the established cost. 
This is not true in welding, however. In welding, there 
are so many varied factors involved to throw the original 
time study out of line that almost anything can happen. 
Following is just one little example to illustrate this. 

Let us take a welding job on which a time study is 
being made, and you have included the proper allowances 
to determine the cost. Suppose you have a job that has 
100 ft. of V^-in. fillet and you weld with V 4 -in. E-6010 
electrode. Everybody knows it is most difficult for even 
the best of welders to hold the Vi-in. weld size right down 
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T«bl« 1—Th»or«tical Are Tima Chart for Claao E-6010 
Elactrodaa for FiUat Walda 


Fillet 

Sise 


Acioel Depoeilion Rate 

Arc Time Per Fl Weld 

SiM 

EleclKHle 

nod 

llia.lU./br. 


MlLlmVh. 


H" 


.0292 

2.03 

2.30 

.0127 

.OIU 

S/SJ" 


.0552 

2.03 

2J0 

.0239 

.0271 

5/32" 

5/32" 

.0552 

2.93 

3.20 

.0172 

.0188 

S/W" 


.0659 

2.03 

2.30 

.0287 

.0325 

3/16" 

5/32" 

.0659 

2.93 

3.20 

.0206 

.0225 

3/16" 

3/16" 

.0659 

4.03 

4S2 

.0)46 

.0163 

7/32" 

5'32" 

.0094 

2.93 

3.20 

.0279 

.0305 

7/32" 

3/16" 

.0894 

4.03 

4.52 

.0198 

.0222 


3/16" 

.1169 

4.03 

4.52 

.0259 

.om 

U" 

W" 

.1169 

5.14 

5.70 

.0205 

.0227 

S/16" 

%" 

.1824 

5.14 

5.70 

.0320 

.0355 

5/16" 

5/16" 

.1824 

7.92 

8.90 

.0205 

.0231 

H" 

vr 

.2628 

5.14 

5.70 

.0462 

.0512 

H" 

5/16" 

.2628 

7.92 

8.90 

.0295 

.0332 

W 

W 

.4665 . 

5.14 

5.70 

.0819 

.0900 

W" 

5 /I 6 " 

.4665 

7.92 

8.90 

.0524 

.0590 


*4" 

1.051 

5.14 

5.70 

.1843 

.2040 


5/16" 

1.051 

7.92 

8.90 

.1)80 

.1328 


to a minimum, all the time. He has to have a certain 
amount of leeway. Many companies give him a leeway 
of Vie-in., but even to keep it down as small as possible, 
you certainly must allow Vn-in. variation. So, during 
the time study, we will see that he puts down a */jj-in. 
fillet using an dectrode on a low heat range. You find, 
from the time study, he was depositing the metal at 6.2 
lb. per hr. (see Table 1). The operator performed very 
satisfactorily. He held the weld within V«*in- of the 
qualified size and used the electrode that was in the heat 
range as set up for the job. 

Now, a commercial fillet has 0.1476 lb. per ft., 

and with the operator depositing metal at the rate of 5.2 
lb. per hr., you have only to divide 0.1476 by 5.2 to find 
the actual working time (arc time). In this case it is 
0.0284 hr. per ft. The welder has 100 ft. of welding so 
you multiply 0.0284 by 100 and you get 2.84 hr. actual 
welding time or arc time as established by the actual 
time study. 

Assuming that the time study man established an 
over-all efficiency of 50% for the welder, under normal 
average performance for the job, the welder would be 
actually welding 50% of the time. At 50% efficiency, 
the over-all time would be 5.68 hr. or double the arc time 
of 2.84. If the welder is paid $1.00 per hour for normal 
performance under the piece work system, this job would 
amount to $5.68. 

Now let us take the same job and run it in production 
to see what happens with the actual time study when all 
the variables are excluded. In actual production you 
still have 100 ft. of ^/ 4 -m. fillet of the weld down to a 
minimum. We will assume he actually holds it to an av¬ 
erage ^/rVQ. fillet but uses the electrode on the high heat 
range instead of on the low heat range as called for in the 
original procedure. This would give you 5.7 lb. deposited 
per hr. (We Table 1 ). On a V^-in. fillet he is depositing 
0.1169 lb. per ft., or at the rate of 5.7 lb. per hr. The arc 
time or actual welding time for the job is then 0.0205 hr. 
per ft., or 2.05 hr. p^ 100 ft. 

Assuming he is still welding at 50% efficiency, he wUl 
have twice the over-all time or 4.10 hr. Since you are 
paymg him $5.68 for the job as established under the 
original piece-rate time study, his earnings are $5.68 


divided by 4.10 or 1.38 per hr. The welder, running the 
same efficiency on production as he did before, increases 
his earnings from $1.00 an hour to $1.38 an hr. by cutting 
down the weld size V« ui- t>y using the maximum 
heat range instead of the lower heat range on the elec¬ 
trode. Note: By just increasing his efficiency 5%, or by 
running 55% instead of 50% efficiency, he is able to earn 
$1.52 an hr. 

By skimping Va-in. on the weld size specified, in other 
words by laying a ^/a-iu. fillet instead of ‘A-in. fillet, he 
can increase bis earnings to $1.81 an hr. with 50% effi¬ 
ciency basis. Note : By increasing his efficiency in this 
case by only 5% or to 55%, he can earn $1.97 an hr. 

Here is another angle. Suppose the jobispoorlyfit-up, 
and he has the problem of putting in a little more weld 
than the origin^ time study specified. In other words, 
instead of putting in a fillet, he lays a *Va-in. or 

Vw-in. fillet, he wUl earn offiy 81 (5 an hr. and if his day rate 
is 80 or 81<l an hr., he will just make his day rate. 

Every one of the above examples is perfectly legiti¬ 
mate. Th^ob was studied from beginning to end—you 
had a 100^ time study. You established your ^et 
size—^you established your electrode size—^you estab¬ 
lished the type of electrode and heat range. You estab¬ 
lished his efficiency, and the efficiency in these examples 
was held the same. In other words, without watcMng 
every move every minute, or without the protection of 
the Production Welding Control System, the welding 
operator can run his earnings all the way from $1.97 an 
hr. down to Slfi an hr. by simply varying the fillet size or 
welding heat. Now, just picture what would happen un¬ 
der normal circumstances where a time study is not made 
in every case or where the welder has a chance to change 
the size of electrode or change the type of electrode and 
other little factors. The earnings wiU skyrocket. 

You can readily see the big drawback in piece work. 
There is not enough spread between what you might con¬ 
sider too high an earning and breaking even, or not mak¬ 
ing out on the job. If there is trouble and the welder 
tries to do an honest job, he runs in the hole. That is, he 
will not make his day rate. If everything goes right, he 
will earn in excess of what might be considered a normal 
average earning. Another major weakness in the piece 
rate method is that there is no check whatever on the 
amotmt of welding that the time study called for or that 
is being paid for. In other words, during the time study 
you established an actual welding time. There is no as¬ 
surance whatever that the actual amount of welding time 
is being spent on the job. The only check, and it is a most 
impossible one in production, is to measure the size of 
the welds, but even that is no guarantee that the same 
amount of welding hours were consumed as when the time 
study was made. The welder could have changed his 
electrode, be could have changed his heat range, or due to 
conditions, he could have done more or less welding than 
what you paid for. It works both ways. Under certain 
conditions, you penalize the welder by asking him to do 
more welding than your original time study called for, 
or under other conditions, you get less welding than the 
actual time study called for. 

The cost of welding changes tremendously even with 
s mall variations in the size of the weld or with variations 
in the size of electrodes. For example, 100 ft. of Vrin. 
fiUtt using a electrode at $ 1.00 an hr. labor and 

at 50% operating efficiency^ costs $6.20—with a V 4 -in. 
electrode it is $9.22—with a Virin. electrode, it is $12.36 
—with a Vw'in. electrode it is $17.22. Roughly, by 
doubling your electrode size, the cost is reduced over 
63%. 

By doubling the fillet size with the same size electrode, 
your labor cost will be four times. In other words, if you 
have a Vw-in- fillet made with a */i«-in. electrode, it will 
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cost you a certain amount. Now, if you change that to a a to a Vi-in. fillet, you are only doubling the fillet 

Vrin. fillet (double the fillet size), your cost won’t be size but you are increasing the volume of metal in the 
twice as much, it will actually be four times as much, fillet four times. Since the volume increases as the 
The reason for this is very simple. By increasing from square and since welding cost is a matter of volume of 
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metal, it requires four times as long 
or four times the number of lb., which¬ 
ever way you want to express it. 
From a design standpoint, when you 
' change from a Vw in. to a *A-in- fillet, 
you are doubling the stren^h but you 
are increasing your cost four times. 
That is why a little change in the size 
of a weld makes a big difference in 
your costs one way or the other. 

One thing you want to remember, a 
manufacturer must control costs in 
order to compete with other manu¬ 
facturers. On a new product, a 
manufacturer must make the origi¬ 
nal cost estimate, he must determine 
that the product will cost so much 
labor, so much in material, so much 
in general manufacturing overhead, 
so much sales expense, so much profit, 
etc., so he can arrive at a competitive 
selling price. Let us assume that 
the product cost $1000 and the sell¬ 
ing price is $1500. With labor or 
material variations on actual produc¬ 
tion, costs and selling prices are im¬ 
mediately affected. In many cases 
profit is entirely wiped out and sell¬ 
ing prices are so high that the pro- 
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duct cannot be sold competitively 
—and you know that a company 
cannot continue in business u^ess 
they make a reasonable profit. That 
is why, in manufacturing, yotm cost 
control is a tremendously important 
item. That is why a manufacturer 
of welded products should adopt a 
good sound cost control beyond what 
straight day work or piece work sys¬ 
tems of compensation have to offer. 

The Disadvantages of the Day-Rate 

Method of Compensation When 
Used by Itself 

1. There is no check as to whether 
actual amount of welding (arc time) 
approximates the proper time called 
for by the original estimate. 

2. There is no control over the 
welding heat being used. 

3. It is easy to vary the size of 
welds. 

4. Improper sizes and types of 
electrodes can be substituted. 


Fig. 1 

Curve E Is the Deposit Efficiency or Actual Metal Deposited, 
Over the Total Weight of Electrode Melted Off. Does Not Include 
Stub Loss 

Curve D Is the Deposition Rate or Actual Pounds of Metal De¬ 
posited Per Hour 

Curve S Is the Spatter Loss or the Loss of Metal from the Electrode 
During Welding, Not Including the Coating Loss, in % of Electrode 
Weight, Melted ^f 

Curve A Is the Arc Time (in Fractional Minutes) Per 1 Inch of 
Rod Melted 

Amperage Is the Actual Current at the Welding Machine 
Terminals 


5. There is no definite time limit 
for the job. 

6. There is no control under group 
welding to indicate whether each in- 
dividu^ workman is doing his share. 

7. Costs frequently vary depend¬ 
ing upon the amount of work avail¬ 
able. 

8. There is no production control 
because you have no definite elapsed 
time per job. 
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9. There is no check against the tendency to perform 
unnecessary excessive work. 

Note: Items 1, 2, 3, 4 and 6 are the same as found 
under the piece-rate method of compensation. When the 
day-rate method is used as a functional part of the Pro¬ 
duction Welding Control System, all items but 5, 7 and 8 
can be controlled. These can be controlled only under 
the base-rate-plus-premium method of compensation. 

When operated independently or by itself, the base- 
rate-plus-premium method is basically the same as the 
piece-rate method, and entails many of the same ad¬ 
vantages and disadvantages. 

When the base-rate-plus-premium method of compen¬ 
sation is used as a functional part of the Production Weld¬ 
ing Control System, all of the advantages of both the 
piece-rate and day-rate methods of compensation are 
incorporated. At the same time, all of the disadvantages 
of the base-rate-plus-premium method of compensation 
when used by itself are overcome. The base-rate-plus- 
premium method of compensation when used with the 
Production Welding Control System accomplished com¬ 
plete control of costs, procedures, production, and assures 
the highest quality of workmanship. 

Exactly What Does the Production Welding Control 
System Accomplish? 

The basic purpose of the Production Welding Control 
System is to provide a definite method, all inclusive, of 
dealing with the basic problems of manufacturing by arc 
welding and to perform the various tasks involved at the 
lowest possible cost, regardless of existing conditions. 
In other words, it establishes the practical working time 
for each specific task, assures the workman of fair com¬ 
pensation according to his ability and energy and con¬ 
trols cost. The Production Welding Control System, 
therefore, is built around the four primary requisites: 
namely, the control of: 

Costs .. . Procedures ... Production ... Quality 

Under the System of Production Welding Control, 
arc time (the actual time that the welding operator is de¬ 
positing metal) is the primary factor. 

Practical experience indicates the desirability of es¬ 
tablishing a definite arc time for each job. Meanwhile, 
the over-all time for each job remains within a definite, 
determinable range, depending, of course, upon the 
efficiency of each individual workman. But since the 
workman’s premium is based on his efficiency, the over¬ 
all cost (base-rate-plus-premium) will remain fairly con¬ 
stant. This provides an accurate control of labor cost. 

With the establishment of a definite arc time for each 
job, a definite welding procedure is set up incorporating 
the correct size of weld, how the welds are to made, 
and the correct size and type of electrode to be used. 
This is accomplished by the engineering department or 
by the production department or a combination of the 
two, depending upon the set-up of the company in ques¬ 
tion. However, it does no good whatever to pre-estab¬ 
lish these factors if you do not have a check in produc¬ 
tion to insure your actually getting what the original 
time study called for. A variation of the time study fac¬ 
tors varies the arc time as established. This immediately 
indicates an excess or shortage of deposited weld metal or 
some other departure from the established procedure. 
This, thep, provides an accurate procedure control. 

Production control is almost entirely dependent upon 
control of cost (elapsed time) and procedure. With these 
two factors soundly established, work can be scheduled 



Fig. 2—Centralixed Aic Tim* Recording Syftom 


and properly routed. These are the factors which make 
it possible to exercise accurate production control. 

Since the Production Welding Control System assures 
the proper amount of welding for each job, inspection for 
the most part becomes a matter of paying attention to 
weld appearance, the proper finishing of corners, ends, 
craters, etc. Thus, from the first stages of the job and 
through the various operations, there is an accurate con¬ 
trol of quality. 

Arc Time Recording Systems 

We have used two arc time recording systems—the 
Single Unit and the Centralised Arc Time Recording Sys¬ 
tem. 

As the name implies, the Single Unit Arc Timer has the 
one big function of recording arc time. It is used in small¬ 
er operations where the complete system is not necessary 
or justified. This arc timer is built for mounting on wall 
or column adjacent to each welder. The accumulated 
arc time for one welding operator for one shift is obtained 
by individual readings of each clock. It is, of course, 
necessary for the time keeper to go froifi clock to clock to 
check the readings of each clock at the beginning and 
end of each work period. 

The Centralized Arc Time Recording System, con¬ 
sisting of electrical timers, relays and graphic recorders, 
is a multiple-purpose service which, in addition to re¬ 
cording total arc time, provides a fool-proof system for 
production welding control. Every welding machine is 
connected through relays to a timer and the graphic re¬ 
corders. Each recorder will handle up to 20 timers or 20 
welders. 

The purpose of each timer is to provide a visual record 
of actual arc time, in hours, tenths and hundredths of an 
hour. Each timer is connected in parallel with the re¬ 
corder to provide simultaneously a graphic recording 
of arc time as a permanent record. 

How the System Works 

There are two distinctly different electrical timer hook¬ 
ups. One involves a current and a voltage relay while the 
other uses patented voltage relay controls. 
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Using the current and voltage relay method, the relays 
are connected to the terminals of the welding machine so 
that the current relay is in series with the wdding circuit 
and the voltage relay is in parallel. The relays function 
to accommodate the three following conditions; 

The arc timer will not register when the machine is 
idling; 

The arc timer will register when and only when the 
machine is welding; 

The arc timer will not register when there is a short 
circuit condition. 

The disadvantage of this method is that the relays 
must be close to the welding machine. This means that 
the heavy welding current must be brought from the 
machine through the current relay. 

When using patented voltage relay control, you have 
two voltage relays being used. 

The arc timer will not register when the machine is 
idling. 

The arc timer will register when and only when the 
machine is welding. 

The arc timer will not register when there is a short cir¬ 
cuit condition. 

The big advantage in the two voltage relay method is 
that the relays are installed on the centralized control 
panel immediately adjacent to and entirely enclosed 
with the arc timers, out of the way and completely pro¬ 
tected but convenient for the time and record keepers. 
Two small wires, similar to telephone wires, connect the 
relays to the wel^ng machine. 


How to Establish Arc Time 

Under the Production Welding Control System, arc 
time is established in two ways: by actual time study; 
by theoretical process. 

When a time study is normally made, without the use 
of the Production Control System, the time study man 
works with a stop watch. He records the time of actual 
welding, and all of the lost time increments in steps of 
two minutes here, a half minute there, or one minute 
here and one minute there, etc. When he is all through, 
he totals his welding time and totals his lost time. These, 
together, provide the over-all time for the job. 

When you make a time study where the Production 
Welding Control System is in force, you have only to 
read the arc timer at the beginning and at the end of the 
job. In the meantime, you simply check to see that the 
welding operator is using the right electrode and putting 
in the right amount of welding, and record necessary lost 
time. The arc timer gives you the actual arc time while the 
number of horns worked on each job gives the total time. 
In this way, you do not have to have a time study man 
for each job as one man is able to study three or four jobs 
at the same time. 

To establish arc time by theoretical method, one has 
but to remember that there is a direct relation between 
arc time and deposited metal. In other words, the depos¬ 
ited metal on a job can be considered arc time since the 
arc must be established a definite length of time in order 
to deposit a definite amount of metal. For example, the 
theoretical arc time for a job can be established from 
Table 1. 

Take a ^/ 4 -in. fiillet with a V^-io- electrode of the re¬ 
verse polarity, all-position type (Class E-6010). The 
arc hr. per ft. of weld is shown as 0.0205 minimum and 
0.0227 maximum. If 100 ft. of ‘A-in. fillet are to be de¬ 
posited with this electrode, it would require approxi¬ 
mately 2.05 hr. for a minimum arc time and 2.27 hr. 
maximum arc time. These figures show that the range 


between minimum and maximum arc time should be ap¬ 
proximately 10%. 

Knowing the value of arc time and how to obtain it 
for each job, let us take the next step of establishing over¬ 
all time. 

In establishing the over-all time, you must take into 
consideration the compensation method used. If the 
day rate basis is being used, the company undoubtedly 
has past-performance records showing the length of time 
required for each job. 

Note: Before putting in the Welding Production 
Control System, we found it very advantageous to give 
the employees and employee representatives complete 
information on the plan. In other words, it is well to let 
them know that if they perform the same under the Weld¬ 
ing Production Control System as under the straight day- 
rate system, they would get the same amount of pay. 
If a company is under the piece-rate system and has piece 
rates established, it is well, from a public relations point 
of view, to inform your employees that, in putting in the 
system, you will pay yotu* employees the same amount as 
they would cam under piece work if they turn the job 
out in the amount of time as established for the job. 


Efficiency Rating 

Knowing how the arc time and over-all or total elapsed 
time are established for each job, one simply divides the 
arc time by the total elapsed time to find the standard 
efficiency rating. 

In our own plant, we developed standard efficiency rat¬ 
ings for various jobs passing though our plant by using, 
in the case of formerly established day rate, the average 
past performance and divided the arc time for the job by 
this past performance to obtain efficiency rating. Where 
former jobs had been established on piece work, we di¬ 
vided the established or theoretical arc time by the time 
previously required on the job and adjusted rates so that 
earnings would be approximately the same. 

On jobs where day rates or piece rates were not pre¬ 
viously ^tablished, or where the system was to be set up 
independent of past performance, standard efficiencies 
were established by determining the arc time and over-all 
time and then cla^ying the work into groups according 
to the ratio of handling time to welding time. 

In our own plant we found that approximately five 
groups covered the majority of work. These standard 
efficiency groups turned out to be 39%, 35%, 30%, 25% 
and 20%. On an average these standards are exceeded 
by 20% by the operators, so that on an average the actual 
performance by the operator ranges from 59 to 40%. 

By establislung these groups, you immediately estab¬ 
lish a common ground for comparison, and you have the 
advantage of making a comparison between efficiencies 
instead of between prices or the costs per job. It is com¬ 
mon knowledge that, in many plants, if you were to make 
a number of time studies on the same piece at different 
intervals, you would find that one time the costs would 
be $10, another time $15, and still another probably $8. 
If, when making a time study, you ask the question, ‘Ts 
$10 too much, is $15 too much or too little, or is $8 more 
fitting,” you will get any number of different answers. 
It is ffifficult to de^ with these values. However, if you 
could say you were getting a 50% efficiency instead of it 
costing $10, or you were getting 25% efficiency instead 
of costing you $15, etc., you would have a direct compari¬ 
son. 

Another big advantage that should not be overlooked 
is that efficiency ratings provide a sound basis for compar¬ 
ing the abilities between welding operators as well as the 
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performance of one plant as against another plant under 
one company or between different companies. 

Throughout our plant we adopted the base-rate-plus- 
premium method for paying our operators. In other 
words, the welding operator is paid a flat rate per hour 
and his premium represents the difference between his 
actual arc efficiency and the standard arc efficiency as 
established by the production department. The actual 
arc efficiency is determined by taking the actual arc time 
on the job and dividing it by the total elapsed time.' 

The difference between these two represents the 
amount by which the operator exceeds his standard per¬ 
formance. For example, let us take Job X. Assume that 
the actual arc time taken on the job was 5 hr. and total 
elapsed time required was 10 hr. The actual efficiency 
is 5 hr. divided by 10 hr., or 50%. The standard effi¬ 
ciency on the job was rated by the production department 
as b«ng in the 35% group. Therefore, the standard 
efficiency was exceeded by 15%. This 15% in the case of 
our company is multiplied by an established factor of 

for every % per hr. ten hours time at 15ff equals $1.50 
premium for the job. On this basis, both management 
and operator share in savings on the job and cost control 
is definitely established. Furthermore, it is accom¬ 
plished in a manner whereby the operator is encouraged 
to increase his earnings (the company increases their sav¬ 
ings). 

The reason our company established this bonus plan 
was in order to simplify the calculations and to make it 
possible for the welders to understand so that they could 
quickly check their own earnings. In other words, all 
^ey have to see is how far they exceeded their standard 
efficiency and multiply by Iff. Exceeding the efficiency 
automatically tells them what they make per hr. addi¬ 
tional to their day rate. 

There are two distinct advantages in this type of pay¬ 
ment under this plan. The first is the premium added to 
the base rate, because in this way the older or higher 
skilled operators are assured of earning more than the be¬ 
ginners or poorer operators. 

The other advantage is that, under the base-raie-plus- 
premium method of compensation, the system is what 
might be termed “Self Shocking.’’ That is, an Operator 
cannot run away with earnings although, even under bad 
conditions, he can still earn premium over his base rate. 

Is the System 100% Peiiect? 

Every system, of course, has its advantages and dis¬ 
advantages, and no system is ever 100% perfect. We 
do not daim our system is 100% perfect and that you 
will have no more troubles the minute it is established. 
However, we can say that there are a minimum of weak¬ 
nesses and we want to point these out to you. 


For example, under piece work the biggest disadvan¬ 
tage is that there is no procedure control. In other words, 
you have no measure of how much welding the operator 
actually gives you on production. And the tendency in 
piece work is for the operator to use too large an electrode 
and too high a heat, skimping on the weld because that 
is the way he makes the most amount of money under the 
incentive plan. This is true even though there is excel¬ 
lent supervision. Maybe you can keep costs in line and 
maybe you can’t. 

The tendency under our system is just the opposite. 
If you don’t keep it under control the tendency is to use 
too small an electrode, too low a heat and to put in too 
big a weld. By paying him on the basis of the amount of 
wdding he does, the operator, if he can get away with it, 
is going to try to put in as much welding as he can on the 
job because that is what he is being paid for. However, 
our experience has been that this weakness is by far pref¬ 
erable since you are able to produce quality welding. It 
is by far better to have a little too much welding on the 
job and have it put in with smaller dectrodes and with 
lower heat than to have the job run with the wrong type 
of dectrode, high heat, resulting in poor quality. Our 
control ovei'the tendency to use smaller dectrodes, etc., 
is by the established maximum arc time for each job. 
This gives the operator a 10% leeway between the mini- 
mtun arc time and the maximum arc time. In other 
words, if the job has 4 hr. arc time, we expect the oper¬ 
ator to stay ^tween 4 and 4.4 hr. arc time, and this is 
checked on every job. When this is done, our system 
is as near 100% fool-proof as is possible . . . and in this 
manner control of procedure was devdoped to a fine 
point. Because the Production Welding Control System 
establishes control of cost and procedure—because the 
elapsed time on each job can be definitely determined, 
the production department can systematically control 
the jobs passing through production... you have complete 
production control. 

Quality is also assured because each wdding operator 
is given sufficient time to apply the proper amount of 
welding to each job. Inspection, for the most part, be¬ 
comes a matter of checking wdd appearance, the proper 
finishing of comers, edges, craters, etc. Since the welder 
is paid for the amount of welding he does, it is to his in¬ 
terests to do better wdding. 

The Production Control System has been applied in 
our shop for the past five years. It controls approxi- 
matdy 150 wdders on two- and three-shift basis, and in 
the five years has been applied on over 25,000 different 
jobs ranging from pieces wdghing only a few pounds 
with only several minutes of wdding time, up to pieces 
wdghing 40 tons and having several hundred hours of 
actual wdding time. It is used on straight production 
welding, and wdding of high carbon and alloy steels, and 
welds under rigid X-ray inspection. 


246 


THE WELDING JOURNAL 


Digitized by 


Google 


MARCH 



Technical Control of Welding in Ship 

Construction* 

By M. H. MacKusick^ 


W ELDING of U. S. Maritime Cargo ships in¬ 
volves no complications of alloy steels or of 
air-hardening types of low-alloy carbon steels 
which require special welding procedure controls. The 
actual welding of the joints encountered is therefore 
relatively a simple matter of producing sound welds in 
mild carbon steel. The problems of a large commercial 
shipbuilding yard are therefore not of a highly technical 
nature but rather resolve themselves into two categories, 
namely: 

1. Problems due to the large size of the welding per¬ 
sonnel organization. 

2. Problems due to the large size and complicated 
assembly of the structure being assembled by 
welding. 

Commercial shipbuilding back in the early part of 1940 
was very limited in scope. Fortunately just as our lead¬ 
ers in Washington foresaw the need for a vast aircraft 
building program, they also foresaw the need for a vast 
shipbuilding program. Therefore, in the early part of 
1941, several Maritime shipbuilding emergency yards 
were started. The original planning when these yards 
were started contemplated that 10,000-ton cargo ships 
would be built at a rate to provide one launching from 
each shipway every 4 mo. By exploiting welding 
methods to the limit and by using subassembly methods 
and through a continual training program these same 
yards have exceeded the origin^ly contemplated con¬ 
struction rates by some 800%. One yard has con¬ 
structed 2 ships per way per month for a sustained 
period of time during the latter part of the Liberty Ship 
construction program. 

Such a tremendous output of welded construction has 
involved many problems of adequate quality control, 
some of which will be outlined in this paper. 

First, I would like to outline the speed of growth of 
the welding personnel at Calship. Figure 1 ^ows the 
number of welders working, and the feet of welding done 
by months, during the period of growth of the organiza¬ 
tion. 

Training of welders has been an ever-present necessity. 
During the early part of the shipbuilding expansion pro¬ 
gram, training of welders was done for the most partby our 
War Training Program under the direction of the Na¬ 
tional Government Agency which enlisted the aid of the 
state school s}rstems. Also numerous private welding 
schools were in existence. It soon became apparent that 
additional training facilities would be required and many 
of our large shipbuilders started their own training schools 
to supplement the national program. The free training 
program of the Government soon eliminated the private 
training schools and today on the West Coast at least, 
the free Government-operated training schools are having 


* Presented at tbe Twenty-Piftb Annua] Meeting, A.W.S., Cleveland, Obio, 
Oct. 16 to 19, 1044. 

t Assistant Shipyard Superintendent and Welding Engineer. California Ship¬ 
building Corp. 
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Jig. 1—Shows the Number of Welders Working, and the Jeet 
of Welding Done by Months, Dtiring the Period of Growth of 
the Organisation 


difficulty maintaining adequate enrollment as the com¬ 
mercial schools such as the one at Calship are training 
welders at helpers’ rates and hence attract what man 
power is left from the state-operated schools. In order 
to use the existing training facilities in the national pro¬ 
gram, many of the shipbuilders are assigning paid train¬ 
ing programs to the schools in their district; such a 
sfffieme has worked very successfully at Calship. To 
give you an insite into the scope of the training program 
it is of interest to note that at Calship our training pro¬ 
gram for welders has at times had an enrollment of over 
800 welder trainees and seldom has gone below 450 people 
in training. Diuing 1943, the turnover of welders at 
Calship required from 600 to 700 welder replacements 
per month out of a total enrollment of approximately 
7500 welders in the production departments. 


Incentive Systems of Pay 

It was early recognized that to pay all welders the same 
hourly rate eliminated the value inherent in •incentive 
system of pay especially when so many newly trained in¬ 
experienced welders were involved. Wc therefore worked 
out an agreement with Labor and the USMC to pay our 
trainee welders according to the three welding tests for 
flat, vertical and overhead welding. This graduation 
of pay rates has been only partially successful as there 
is still a wide variation in the value of the experienced 
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3-position welder as compared to the newly trained 3- 
position welder yet all S-position welders are paid the 
same rate. A provision for rewarding the good experi¬ 
enced welder who can and does produce more sotmd 
welding than the newly trained welder should be estab¬ 
lished. Such a system could be limited to say 20% of 
the entire welding personnel and also stipulate that the 
welder receiving a premium rate of say lO^f per hour, 
must have a minimum of 6 mo. service to qualify. This 
would help reduce the turnover of welders and in addi¬ 
tion would provide an incentive system of advancement. 

Incentive systems using piece-rate methods for pay¬ 
ment of wages are only as good as the original time 
studies made to establish the piece rates. Also many 
complications arise such as time involved in accurately 
establishing the quantity of acceptable work done by 
each individual welder and an equitable rate of pay 
commensurate with the difficulties encountered due to 
location of the work. Piece-rate welders in some yards 
have earned money in excess of the salary paid to the 
superintendent of the department. There is also the 
ever-present hazard of piece-rate welders using fraudu¬ 
lent methods to increase their welding footage and also 
the hazard of the welders and weld counters or checkers 
working in collusion to fraudulently pad the work rec¬ 
ords to obtain unearned pay. There is a lot of room 
left for improvement in the wage incentive methods now 
used in shipbuilding pay systems. It is my personal con¬ 
viction that a decided improvement in the efficiency of our 
welding man power would result if steps were taken im¬ 
mediately to solve this problem. Moreover, the rate of 
turnover of welders would be reduced and hence the 
load imposed on our training schools would be cor¬ 
respondingly decreased. 

Qualification of Welding Operators 

Manual welding depends upon the skill of each indi¬ 
vidual operator. Qu^ification tests for operators have 
been established by the regulatory agencies and provide 
a reasonable index of the ability of a welder to satis¬ 
factorily perform production welding. The qualifica¬ 
tion tests do not, however, guarantee that operators 


Fig. 3—W«ld Twting D«putment at CaUhip 


will continue to weld in production with the same degree 
of effort as was used when making the tests. The prob¬ 
lem then becomes one of supervisory control. Un¬ 
fortunately the prescribed procedures for qualifying 
operators have not been followed consistently in all 
shipyards. I believe that it can definitely be proved 
that the average quality of welding in any large ship¬ 
building yard will vary directly with the degree of effort 
applied in the qualification program established. It is 
cei^n that a welder who is unable to make a satis¬ 
factory qualifying test will never produce good pro¬ 
duction welds. In this sense then, our qualifying pro¬ 
gram becomes merely a “screening-out” process but does 
materially aid the production supervisory staff to obtain 
a better control over welding quality. The weld testing 
department at Calship is shown in Figs. 2 and 3. Test 
results are obtained from all of the previous day's test 
plates by 10 A.M. each morning so that no delay in ad¬ 
vancing the welders to the next pay bracket occurs. Test 
coupons that fail in the physical test are placed on a 
convenient bench where the welder and his instructor can 
examine the unsatisfactory weld and profit by the in¬ 
formation gained. Where the testing of wdders in¬ 
volves an increase in pay rate it has been found very 
necessary to positively identify each welder being 
tested to eliminate any attempts at fraudulent methods 
in obtaining qualifications. Identification of welders 
is a simple matter in most of our shipyards as all em¬ 
ployees are required to carry an identity badge with 
photograph, fingerprint and signature. 


Fig. 2—Weld Testing Department at Calship 


There are two general organization plans for welding 
in use in our shipyards. From a welding point of view 
the system of organization where all welding personnel 
is organized within a single welding department is most 
satisfactory. 

From an over-all production point of view many yards 
prefer to organize by departments, for example, the plate 
and structural shop, subassembly, shipways and out¬ 
fitting departments are organized complete within each 
department and each department has a welding unit of 
its own. There are advantages in both plans of organiza¬ 
tion; the latter system of organization by departments 
has been more widely used to obtain maximum speed in 
production since each department is wholly responsible 





United StatM Marchant Ship Production (1936-44) 



Number 

Deadweight 

Year 

Vessels 

Tons 

1936 

9 

107,938 

1937 

18 

194,788 

1938 

25 

289,765 

1939 

28 

341,219 

1940 

55 

641,056 

1941 

99 

1,137,163 

1942 

746 

8,089,732 

1943 

1896 

19.238.626 

1944* 

1640 

16,463,804 

• Based on first quarter 1944. 



Fig. 4—Shows the Tonnage ol Shipping in "Deadweight 
Tonnage" and Also the Number of Vessels Constructed for &e 
Period 1936 to Ist Quarter, 19^ 


for maintaining its production schedule. The integrated 
welding organization in a single department provides 
more flexibility and tends to reduce the over-all man¬ 
hour cost of welding since production peaks can be met 
by shifting of welding personnel. Either of the two 
methods of organizing wdding supervision will give good 
results and the degree of success will depend upon sectu*- 
ing the services of competent supervisors and the ability 
of management to cultivate teamwork and a cooperative 
spirit between departments. 


Automatic Welding 

Most shipyards organize a separate welding depart¬ 
ment to handle their automatic welding. The use of 
submerged-arc automatic welding is principally confined 
to subassembly operations, although some yards do 
certain types of joints on the shipways. At Calship, 
the use of automatic welding is confined to the plate 
shop and subassembly and all shipway welding is done 
manually. The use of E6030 type manual dectrodes 
plus the fact that less movement of equipment is in¬ 
volved has prompted our decision to diminate the use 
of automatic welding on the ways. It was found that de¬ 
lays in scheduling an automatic machine for a certain 
wdd plus the cost of handling the equipment to and 
from each joint exceeded the cost of welding the same 
joint by hand. Also many joints could not be com- 
pletdy wdded by machine due to clearance for the 
machine at hatch coamings and side shell ends of deck 
butts so that a certain amount of chipping and manual 
welding was required on a number of the welds in any 
case. It is our conclusion, therefore, that shipyards 
working to a fast launching schedule will find that auto¬ 
matic wdding should be entirely concentrated on sub- 
assembly work for economical and fast production re¬ 
sults. 


Planning for Subassembly 

The remarkable achievement of construction speed in 
shipbuilding is best illustrated by the record of merchant 
ships produced during the last 8 yr. Figure 4 shows a 
table of the tonnage of shipping in "deadweight tonnage" 
and also the number of vessds constructed for the 
period 1936 to firstquarter, 1944. This remarkable 
production record has been achieved by using subas¬ 
sembly methods with specialized crews of workers doing 
the same series of operations on each ship. Systematic 
study of subassembly methods is one of the major factors 
in fast ship construction. Most subassembly work is 


assembled in the inverted position to provide down-hand 
welding which has obvious advantages over vertical 
and overhead welding so far as speed, quality and cost 
are concerned. However, certain assemblies are made 
in the upright position as the cost of handling and turn¬ 
ing over certain t)q)es of assembly may outweigh the 
advantages of inverted construction. An example of 
the latter case is the stem-casting assembly shown in 
Fig. 5. Even though this unit is assembled in the up¬ 
right position the cost of doing the work with specialized 
crews in fixed location is much less than assembling the 
imit on keel blocks on the shipway. 

Figure 5 (fl) shows a fore-peak assembly with shell 
plating not yet in place on the starboard side. Auto¬ 
matic welding is used throughout the subassembly area 
for flat position butts and seams of plating. Side shell 
sections with curvature are positioned in steel cradles 
which conform to the shape of the hull. It has been 
found by careful study that Union-melt welding can be 
done on sloping plating up to certain limiting degrees of 
slope. The limits established for maximum slope of 
plating in Unionmelt welding at Calship are as follows: 

1. Maximum degree of uphill slope—8°. 

2. Maximum degree of side hill slope perpendicular 

to direction of weld—15°. 

3. Maximum combination of uphill slope plus side 

hill slope—20°. 

The Unionmelt machine must be operated in the climb¬ 
ing direction whenever slope is encountered. 

Unionmelt welding of thin plates has always been a 
problem in shipyards as the puddle of molten metal is 
much more likdy to bum through on light plating. 
Figure 6 shows a method for assembling and Unionmelt 
welding light plates frOm Vw to V« in. thickness. This 
unit consists of two magnetic chucks on each side of a 
2-in. square copper chill bar. Conveyor tables with 
rollers are used to bring the plating up to the magnetic 
hold-down jig and a second set of roller tables is used to 
pass the welded plates to a turnover rig where a second 
magnetic jig is used to hold the plates, for welding the 



Fig. 5—Stern-Casting Assembly 
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Fig. 5 (a)—Fore-Peak ABsexably with Shell Plating Not Tet in 
Place on the Starboard Side 


second pass. The magnetic jig unit is mounted on air 
jacks which drop the unit away from the under side of 
the plating when the welded plates are rolled to or from 
the welding position. It was necessary to investigate 
the problem of magnetic interference with the electric 
arc before this welding unit was built. It was found 
that by keeping the magnetic poles of the hold-down 
units properly polarized and spaced 1 in. away from the 
line of welding no interference was encountered. When 
plates of less than Vwm- thickness are welded it is 
necessary to place a magnetic plate on top of each side 
of the work to eliminate stray magnetic field. A similar 
scheme could be used for holding down nonmagnetic 
steels or nonferrous sheets. 

Much of the welding on subassembly involves the 
attachment of stiffeners to plating. The usual practice 
for welding such stiffeners is to apply 3-in. weld incre¬ 
ments in a staggered spaced arrangement with the space 


between weld increments determined from tables or 
curves of accepted strength requirements. At Calship, 
fillet welds are made in the down-hand position with 
E6020 type electrodes using the “deep fiUet” or pene¬ 
trating type of fillet weld. It was found, however, that 
deep penetrating fillet welds could be made in short 3-in. 
increments but the large number of deep craters involved 
required excessive repair work. A substitute spacing of 
weld attachment of intermittent fillets was therefore 
investigated using a 12-in. increment on a 26-in. staggered 
spacing. Two test bulkheads were built, one of which 
was welded with 3-in. staggered increments and the sec¬ 
ond was welded with the alternate 12-in. staggered 
increments of equivalent average strength. The two 
bulkheads were assembled to form a pressure-tight box 
and tested under pressure. Figure 7 shows Ae test 
assembly used with the stiffeners on the outside of the 
bulkhead assembly. The test was made in two parts, 
first, with the stiffeners on the outside of the assembly 
and second, with the stiffeners on the inside of the as¬ 
sembly. In both tests it was determined that either ar¬ 
rangement of weld spacing was adequate to withstand 



Fig. 7—Test Assembly Used with the StiHeners on the Outside 
oi die Bulkhead Assembly 



Fig. 6—Method for Assembling and Union-Melt’Welding Light Plates from 

to */i-In. Thickness 


pressures in excess of design requirements 
and the two types of weld spacing ap¬ 
peared to stand up equally well during 
the tests. Permission to substitute “long 
increment" welding in place of 3-in, 
increment welding was obtained from the 
American Bureau of Shipping so that the 
faster welding procedure could be used for 
practically all subassembly fillet welding. 

It may be of interest to discuss briefly 
the “deep fillet” method of welding. It 
has been proved in several reliable, test¬ 
ing laboratories that the depth of pene¬ 
tration obtained in flat positioned fillet 
welding increases with speed of arc travel 
up to a certain limit. Figure 8 shows 
two fillet welds, the one on the left is 
a “deep fillet" weld made at an arc 
travel speed of 10 in. per minute while 
the one on the right was made at an arc 
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Fig. 8—Two Fillet Welds; the One on the Left Is a "Deep 
FiUet" Weld Made at an Arc Travel Speed of 10 In. per Min. 
While the One on the Right Was Made at an Arc Travel Speed 
Exactly One-H^f as Fast, or 5 In. per Min. 


travel speed exactly one-half as fast or 5 in. per minute. 
Note that the throat depths of the two fillet welds are 
practically identical. Note also that in the slow speed 
weld the arc energy has been more widely spread out in 
a side direction but has not added to the strength of the 
weld. Analysis of the mechanism of arc stream pene¬ 
tration provides a logical explanation of this phenome¬ 
non. A slow arc speed permits a substantial puddle of 
liquid metal to form beneath the arc stream and hence 
the arc stream force is transmitted by fluid pressure in 
the puddle equally in all directions. You will recall 
from your physics diat hydrostatic pressure is equal in all 
directions, so in this case a considerable amoimt of arc 
stream energy is converted from a direct penetrating 
direction to a hydrostatic flow in all directions, hence the 
side spreading action of the slow speed weld. It follows 


that penetration will increase if the depth of the molten 
puddle is kept at a minimum directly below the arc 
stream. This can be done in two ways, first, by in¬ 
creasing the speed of travel and second, by running the 
arc slightly uphill in which case gravity pulls the puddle 
away from the arc stream. In order to obtain con¬ 
sistent results with a penetration procedure all variables 
must be controlled. Arc voltage is maintained constant 
by using a light dragging technique with the electrode 
coating in light contact with both sides of the fillet as- 




Fig. 9—The "Weld Layout" Crew Is Charged with Marking 
AU Steel for Size and Legation of All Welding Which la Painted 
on the Work 


Fig. 10—Method of Weld Layout or Weld Marking Used on 
Liberty Ship Double-bottoms 



Fig. 11—Method of Weld Layout or Weld Marking Used on 
Liberty Ship Double-bottoms 


sembly at all times. This dragging technique also tends 
to minimize undercutting as the arc stream is shielded 
by the coating to a certain extent. - Arc current is estab¬ 
lished in one of several ways, first by ammeters but it is 
important to note that meters on the average portable 
welder are not usually reliable; however, a clip-on type 
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of ammeter can be of valuable use. A good standard 
method of determining welding current is to time the 
quantity of electrode consumed for a given period of 
time; i.e., determine the “bum-oflf” rate. 

The use of penetrating fillet welds introduces complica¬ 
tions in production. Cooling rates are high because of 
the high arc speed hence the weld is more susceptible to 
cracking. Temporary tack welds should be skipped un¬ 
til a solid block of weld has been made on each side of 
the tack in order to eliminate absorbing the fitting 
stresses in the fillet weld. Standard practice of allowing 
0.020 to 0.030 in. clearance between members during 
fitting is also very important if deep fillet welds are to be 
used. Another complication involves the high ratio 
of dilution of filler metal with base metal which occurs 
with the deep penetration type of fillet weld. If the 
base metal is high in hardenability constituents, carbon 
br manganese in mild carbon steels the cracking ten¬ 
dency will be increased. Sulphur tends to create a hot- 
short condition and high sulphur content of base metal 
will cause cracks. In spite of production difficulties 
excellent results can be obtained by using a deep fillet 
procedure if reasonable fitting standards are maintained 
and the welding is made to conform to the prescribed 
technique. 

Welding Sequence is very important in assembling 
large welded structures, especially in shipbuilding; its 
purposes are: 

1. To determine the best chronological order of 

making welds to provide minimum restraint of 
shrinkage. 

2. To minimize distortion. 

3. To prescribe correct order of welding where 

stnictural members intersect seams and butts 
in plating and to prescribe correct order of 
welding where seams and butts intersect. 

It is impossible to prescribe a sequence which can be 
accurately followed for every inch of welding in a ship 
which contains 250,000 or more lineal feet of welding. 
A plan for welding the main structural members in 
sequence should be used in combination with a set of 
prescribed rules for welding at intersections. At inter¬ 
sections, it is the practice at Calship, to paint the proper 
sequence on the steel and this is done by a specif crew 



Fig. 12—Thermit Weld in the Procen of Being Waxed 



Fig. 13—Stem-Caeting with Four Thermit Weld Moldboxee in 
Place Ready for Prebeatiag 


of trained men known as the “Weld Layout" crew. 
The same crew is also charged with marking all steel for 
size and location of all welding which is painted on the 
work. See Fig. 9. 

Figures 10 and 11 show method of weld layout or weld 
marking used on Liberty Ship double-bottoms. 

Correct sequence should always maintain symmetry 
about a center line and this applies to subassembled sec¬ 
tions as well as to the final hull assembly. 

The one item in shipyard welding sequence which 
requires the greatest attention is the tendency for 
welders to run a fillet or butt weld past an unwelded 
intersection in an adjoining member. This practice will 
often result in the first weld cracking transversely 
through the weld metal due to the “notch effect." Such 
cracks are difficult to detect under normal shipyard in¬ 
spection and if undetected will always be a focal point 
for propagation during service. “Notch-effect" cracks 
in weld metal are caus^ by concentration of longitudinal 
shrinkage at the notch; it is obvious that longitudinal 
stress lines must detour at the notch and superimpose 
themselves on the stress in the continuous member and 
in many cases the concentration is suflScient to cause 
cracking as the weld metal cools through the blue temper 
range. 

Distortion of a ship’s structure during welding must be 
minimized by control of welding sequence and procedure. 
It is obvious that all members of a ship's structure are 
designed to transmit their share of the service load 
stresses and a distorted deck or shell will behave just 
like a loose fiddle string, it cannot play its part until 
other members are stretched out to take up the slack in 
the loose member. 

Continuity of hull design has been a subject of wide 
study during the last 3 yr. A ship designed for riveting 
can have the rivet holes eliminated and assembled by 
welding the joints but our Naval Architects have fully 
recognized the folly of such practice. The one funda¬ 
mental difference between a riveted and a welded ship 
is that in riveted construction, load stresses are broken 
up at all joints into increments of stress which pass 
through the individual rivets. True that certain rivets 
may be overloaded at times and become loosened or 
even snap out but still the load stresses will flow into 
the remaining rivets. Not so in a welded structure, 
stresses flow in continuous parallel paths and when poor 
continuity of structure exists stresses concentrate at the 
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14—^Placing the Themiit Reaction Cruciblea Over One 
of the Welds 


fig. 13—Thermit Reaction Taking Place 



abrupt change of structure and instead of popping a 
rivet, a weld starts tearing loose, and welds once started 
may tear the main plating of the ship. A welded ship 
which has good structiu-al continuity is a stronger ship 
than one in which the numbers are punched full of rivet 
holes. Service conditions have shown that special at¬ 
tention in design must be given to hatch comers and to 
the comers of the mid-ship deckhouse. The ship hull is 
in effect a large box girder and at hatch comers the girder 
contains discontinuities which must be well round^ out 
to eliminate excessive concentration of stress. Also the 
mid-ship deckhouse forms a secondary box girder which 
stiffens up the structure at the central portion of the hull 
where stresses are at a maximum. A flexible bar will 
bend uniformly imder stress but stiffen up the center 
part of the bar and stress concentrations will exist at 
the change in section. Consideration has been given to 
use of a doubler plate on the main deck to which the 
deckhouse bulkheads could be welded to form a water¬ 
tight connection which would provide flexibility and 
prevent the deckhouse itself from causing excessive 
stress flexure at the comers of the house in the main 
plating. 

Thermit Welding 

The large stem casting for our Victory Ships is cast 
in four pieces and is assembled in the Yard by Thermit 
welding. Due to the production schedule required at 


Calship, it was necessary to attempt a Thermit welding 
procedure which is somewhat of an innovation. All four 
of the Thermit welds involved in a stem frame are made 
up at one time and the welds are poured consecutively 
over a period of about 2 hr. The usual practice is to 
make two welds at a time but the long preheating and 
cooling period involved prohibited making two series of 
welds as it was necessary to finish a stem frame every 
two days. The pouring of four Thermit welds in a 
single assembly has worked out entirely satisfactorily. 
No disturbance of the mold boxes has been experienced, 
at least not to the point of causing the loss of a weld by 
runout of the molten Themiit. Figure 12 shows a Ther¬ 
mit weld in the process of being waxed. Figure 13 shows 
the stem casting with four Thermit weld mold boxes in 
place ready for preheating. Figure 14 is a view showing 
the placing of the Thermit reaction crucibles over one of 
the welds and Fig. 15 shows the Thermit reaction taking 
place. 

In closing, it should be noted that in spite of the in¬ 
experience in design and fabrication of welded ships which 
existed at the start of the emergency shipbuilding pro¬ 
gram only 6 out of over 2000 Liberty Ships have l^en 
lost because of structural failure and that loading con¬ 
ditions have not in all cases been in accordance with best 
loading practice. Also, in heavy weather the ship’s 
master must maintain his speed and direction as specified 
by convoy orders rather than handle his ship at his own 
discretion as is the case in peacetime operation. 
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HARD-FACING... 

To Increase Plow Share Life 

A Profitable Business for Welding Shops 


Hard-facing with durable^ easily welded 
Haynes Stelute alloy materials will help you 
to increase your farm business. Plow shares 
hard-faced with Haynes Stellite rods will 


plow up to four or 6ve times as many acres. 
Once the farmers have been shown the value 
of this hard-facing application they often 
want other parts hard-faced as well. 



These booklets will show you how to 
hard-face plow shares —“The Quick 
Easy Method of Hard-Pacing Plow 
Shares with Haynes Stelute Rod” 
and “The Quick Easy Method of Hard- 
Facing Plow Shares with Haysteujtb 
Tube Rod.” They will be sent to you 
upon request. 



These free advertising aids will help 
you get hard-facing business —Adver* 
tising folders, signs, movie slides, and 
stereotypes of advertisements for your 
local newspaper can all be obtained 
from Haynes Stellite Company. Ask 
for them when you order Haynes 
Stelute hard-facing rods. 


BUY UNITED STATES WA/l BONDS AND STAMPS 

Haynes Stellite Company 

Unit of Union Carbide and Carbon Corporation 
New York 17, N. Y. Iil<< Kokomo, Ind. 

Chicago—Cleveland—Detroit—Houston—Los Angeles—San Francisco—Tulsa 


HARD-FACING RODS FOR EVERY PURPOSE 


"Haynes Stellite*' and "Haystellice*' are registered trade-marks of Haynes Stellite Company. 
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I Controls Required for Safe and Economical 
Construction of Welded Ships* 

ill 

By Donald G. Mazson^ 


n 

1 ;^ PART I— INTHODUCnON 

is: 

T oday is the day of the "secret 
weapon," one in which the tre* 
mendous endeavors of research and in* 
dustry are being so largely devoted to ob¬ 
tain new weapons and tools of destruction 
to help win the war. It is "no secret,” 
however, that the outstanding weapon or 
tool of modem times which has contrib¬ 
uted more than any other single tool or 
weapon in the tremendous industrial out- 
^ put required to win the war has been 
"welding." This has been true in in- 
dustry in general, but more particularly so 
p in meeting our tremendous construction 
program in the shipbuilding industry. 
Without welding and its facilities in 
enabling us to so quickly train the hun- 
^ dreds of thousands of "richmen, poor- 
gg men, beggermen, thieves, doctors, law¬ 
yers, merchants and chiefs," into crafts¬ 
men capable of uniting the component 
parts of ships into a completed whole in 
the record-breaking time established dur¬ 
ing our war effort, it would have been im¬ 
possible to turn out our "Seven Seas 
Navy," oiu" Merchant Fleet of cargo, 
transport, tanker and other categories, our 
"new secret weapon" of landing craft and 
the rest of this world’s unprecedented 
shipbuilding program. 

. In the application of this great tool of 
welding, in ^e early and rapid expanding 
f. war program, we were quickly reminded 
by nature’s ever prevalent law that the 
abuse of any good thing soon leads to 
^ redistribution, whether it be a tool of in¬ 
dustry or those gifts of nature which sus- 
iJ tain life itself. This fact was thrown 
• right into the laps of the shipbuilding 
* industry, and more particularly those of 
U us who were more closely associated with 
the welding phase by the series of failures 
which began to occur in welded ships in 
the latter part of 1942 and which was most 
strongly brought to our attention by the 
failure of the tanker Schenectady. These 
failures rapidly developed into an epidemic 
and it was soon apparent that we had a 
very sick patient on our hands. 

The investigations and surveys which 
. quickly resulted from these failures, how- 
[ ever, brought forth one hopeful premise 
in that it was found that welding, as the 
all-important tool in the uniting of the 
many component parts of a ship into a 
, safe and sound vessel, was basically sound 


* Presented at the Tweotj-Fifth Anoual Meet- 
iac, A.W.S., Cleveland,'Ohio, Oct. 16 to 16.1944. 

t Welding Consultaot, Marinship Corporation, 
Sauaalito, Calif. 


and efficient; it having been found with 
rare exceptions that the welds themselves 
even with the comparatively inexperienced 
welding personnel available were satis¬ 
factory and equal in strength to the ad¬ 
joining parent metal. 

On the other hand it was very evident 
that prompt and efficient steps must be 
taken to control and hold in check the 
"subtle ailments" which directly or in¬ 
directly were causing these failures. 

It is in the field of our diagnosis of these 
"subtle ailments” and in the prescriptions 
in the form of proper controls which have 
been set up and operated at Marinship 
and which it has b^ found necessary to 
extend from the drawing board to the com¬ 
pleted ship that the writer has chosen as 
subject of this article. The conditions 
have been such as to make this approach 
somewhat unique, and further, these con¬ 
trols have come a good part of the way in 
assuring the safe and economical building 
of all welded vessels. 


PART n—THE CASE HISTORY 
The Arndous Parents 

The new year of 1943 found Marinship 
changing over from the construction of 
Liberty ships to the raising of a family of 
all-welded tankers of similar construction 
to the stricken Schenectady. 

'The Management, like the good par¬ 
ents of any large family, was well aware 
of the necessity of gtuu’ding against the 
epidemic of "subtle ailments," referred to 
in the Introduction above, and by nature 
one of the first steps was to look for medi¬ 
cal advice and assistance. 


Calling in the Doctor 

At this time the writer was employed 
as Welding Adviser and Consultant for 
the three associated "Bechtel" Shipyards: 
Calship at Terminal Island, Calif.; Evans- 
Ship at Evansville, Ind., and Marinship 
at Sausalito, Calif.; devoting approxi¬ 
mately an equal amount of time to each 
in connection with various and sundry 
welding problems. Through the efforts 
of R. L. Hamilton, Production Manager, 
arrangements were made for my release 
from the other two yards except on a call 
basis so that I could devote the greater 
portion of my time to the development of 
welding sequences and procedures for the 
new tanker program. 


The Family Physiciaa 

The writer’s approach in the endeavor 
to curb the "subtle qilments” referred to 
heretofore has been along the lines of the 
old-time family physician of living right 
with the patient, constantly taking his 
pulse and temperature and prescribing 
the necessary diets in the form of proper 
controls and the like, rather than the 
"Park Avenue Specialist” looking for 
highly technical or other cure-all drugs. 

The Preliminary Diagnoeis 

Knowledge of the failures referred to in 
the Introduction, first came to the writer 
in the latter part of December 1942 while 
on a tour of duty at the Yard in Evans¬ 
ville, Ind., in the form of an urgent call to 
be present on the subsequent afternoon to 
meet J. Lyle Wilson, Assistant Chief Sur¬ 
veyor of the American Btueau of Shipping 
at the Cabhip Yard at Terminal Island; 
in connection with the survey he was mak¬ 
ing of a number of failures which had de¬ 
veloped under service conditions. I im¬ 
mediately got under way in the midst of a 
mid-western blizzard and after a rough and 
rugged plane trip arrived at the confer¬ 
ence wtdch was cut rather short due to 
Mr. Wilson’s leaving for Portland, Ore., 
in connection with the failure of the S.S. 
Schenectady which had occurred in the 
interim. 

During the subsequent weeks I was 
privileged to spend a considerable amount 
of time with Mr. Wilson, as well as the 
group of experts of the welding fraternity 
from the Maritime Commission, Bureau 
of Ships from the Navy Department, the 
shipbuilding industry and the scientific 
field who aided Mr. Wilson in investigating 
and reporting on these failures. 

The results of these investigations made 
by Mr. Wilson and his associates, as well 
as the writer’s own observation, brought 
forth the following preliminary diagnosis: 

i. Cause of Failures .—It was definitely 
established that the failures -which were 
occurring were caused by an excessive ac¬ 
cumulation of residual stresses in the steel 
structiue during the construction period, 
which when additional service stresses 
were superimposed from various causes, 
produced fractures which were apparently 
of an explosive nature in that the fractured 
steel apparently let go so quickly as to 
show no reduction in area, and the grain 
structure of the fractured surface had a 
similar appearance to that of a cast-iron 
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fracture. In other words, it appeared 
that these fractures occurred so quickly, or 
through such a concentration of stresses, 
that the elements involved had no op¬ 
portunity to grab hold and resist. In¬ 
variably tensile tests made from plates 
which had fractured showed that when 
subjected to such a gradual toad the steel 
showed the normal reduction in area and 
grain structure and other standard physi¬ 
cal properties. 

2. The Trigger .—Invariably these 
stress fractures could be traced back to a 
"trigger” which set off the explosion. 
These "triggers” (sometimes called 
"stress risers”) may be in the form of 
notches, sharp re-entrant angles, saddle 
welds, excessive and overwelding or other 
elements which produce local "hard spots” 
or other sharp local breaks in continuity. 

A few factors which contributed to the 
above and required immediate attention 
were the following: 

(a) Improved and more extensive 
welding planning and sequences, and 
prompt and complete observances of the 
same. This involves not only the welding 
operations, but also the proper prepara¬ 
tion. It was evident t^t the welder 
should not be forced to weld anything that 
was not properly fitted and prepared. It 
was also evident that the use of automatic 
welding should be more carefully con¬ 
trolled and its operation restricted to work 
in the flat position only. 

(If) A prompt review and correction of 
features of design which must not only be 
correct from the service viewpcnnt, but 
also from the welding viewpoint. Proper 
design for welding should avoid sharp 
changes in continuity, and thicknesses and 
other conditions which would cause heavy 
local stress concentrations or the "trigger” 
points referred to above. 

I believe the whole problem was quite 
well summed up in the statement of Lyle 
Wilson at a meeting here on Jan. 29.19^. 
as follows: "Future success or failure of 
welded vessels depends entirely on the 
biggest failure at present in all shipyards 
today—that of Ctratrol. Since no welder 
can ever be permitted to decide for him¬ 
self what is to be welded, it is obvious that 
responsible, aggressive supervisors must 
be trained and provided to take the initi¬ 
ative and direct men intelligently, watching 
at all times that previously allotted se¬ 
quence is adhered to 100 %—and not 95% 
—since it is the disregarded 5% which 
causes the aggregation of small errors 
that are the constituents of the 'trigger' 
which sets off the explosion.” 


The Uni Crisis 

At the time of the writer’s survey of the 
Schenectady at Portland, Ore., I believe 
that my reaction to the complete failure of 
this new vessel with its extremley strong 
and rugged longitudinal construction was 
quite generally a universal reaction of 
finding it extremely difficult to believe 
one’s own eyes in that such a failure 
actually could or had occurred, or how it 
was possible for residual stresses to be ac¬ 
cumulated in the construction of such a 
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welded vessel which would lead to such a 
tremendous and complete failure. How¬ 
ever, after having one's nose right into the 
job in connection with the construction 
of our first tankers at Marinship, these 
doubts were soon swept away and it be¬ 
came obvious that the application of sound 
and proper welding sequences and pro¬ 
cedures would constitute only one small 
element in the necessary control to assure 
that the unfortunate experience of the 
Schenectady would not be repeated. It 
was apparent that we were carrying on 
and performing operations, subsequent to 
our welding to approved sequences, which 
not only nullified any benefits from such 
sequences, but were setting up subsequent 
residual stresses of such a serious nature as 
to cause local failures of plating and other 
structural members. 

The urgent need of controlling these un¬ 
safe practices which were interposing re¬ 
sidual stresses into the structure on top of 
those already resulting frcnn our normal 
welding operations, led to the calling of a 
meeting t^tween local representatives of 
the Maritime Commission, American 
Bureau of Shipping and the Marinship 
Corporation, lliis meeting accomplished 
very definite results, established a sound 
mutual policy and took steps to eliminate 
or properly control the unsafe practices 
which had already been proved must be 
eliminated or properly controlled. 

Memorandum of March 30,1943, cover¬ 
ing the results of this meeting together 
with the Agreement of March 28, 1943, 
subscribed to by the interested parties, 
follows: 


MARINSHIP CORPORATION 

March 30. 1943 

On Sunday morning, March 28, 1943, 
a meeting was held in the American 
Bureau of Shipping Office in the Mold 
Loft, attended by Chester L. Nelson, 
Principal Hull Inspector, U. S. Maritime 
Commission. W. B. Murray, Surveyor, 
American Bureau of Shipping, John H. 
Anderton, Production Engineer, Marin¬ 
ship Corporation and Don^ G. Maxson, 
Wdding Consultant. 

The purpose of this meeting was to 
discuss and arrive at a mutual imderstand- 
ing between the interested parties on the 
establishment of a basic policy in the 
construction of tankers at Marinship 
Corporation in a manner that would 
assure that every possible means was 
being taken to build these vessels with 
the aim of having a safe ship as free as 
possible from residual s tresse s and with 
the utmost assurance that all possible pre¬ 
cautions would be taken to eliminate the 
posribility of any repetition of previous 
imfortunate failures in this type of vessel. 

The reconunendations attached hereto 
were submitted as a basis for discussion 
and after careful deliberation the prin¬ 
ciples outlined therein were approved 
unanimously. 

It was mutually agreed that the build¬ 
ing of a safe ship was subject to no com¬ 
promise. It was felt, however, that in the 
attainment of this end it would still be 
possible to attain the following extremely 
important aims in the order noted; 

1. Build ships as fast as possible to 

meet our urgent war needs. 

2. Build them as economically as 

I>ossible to get the utmost pro- 
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duction out of the manpower and 
money available. 

3. Build ships of good appearance 
that we can aU be proud of. 

All of the above alma can and will be 
attained by the full cooperation from top 
to bottom of the several agents involved 
in this important enterprise. 

Donald G. Maxson 
Welding Consultant 


MARINSHIP CORPORATION 

March 28, 1943 

In order to have any assurance that we 
are following proper methods in the con¬ 
struction and welding of T2 tankers that 
will not repeat the unforttmate experience 
of the S.S. Schenectady, the following 
recommendations must be observed: 

1. The following unsafe practices must 
be discontinued: 

(o) The use of strongbacks and torch 
heating of shell and deck plating 
after welding, or the cutting out 
of seam and butt welds for re¬ 
fairing and rewelding. 

(fr) ^ The cutting of test plugs in sbril 
and deck except on r^erence to 
and approval of U. S. Maritime 
Commission, Principal Hull In- 
spMtor, American Bureau of 
Shipping. Principal Surveyor 
and Welding Constant. 

(c) The practice of flushing off shdl 

seam and butt welcb and re¬ 
welding except on an O.K. of 
Welding Engineer or Welding 
Consultant. If still in dispute, 
refer to Principal Hull Inspec¬ 
tor, U. S. Maritime Commis¬ 
sion; Principal Su rv e yo r, 
American Bureau oi Shipping 
and Welding Consultant. 

(d) The adding of additiona] and 

superfluous stringbeads to welds 
on the skin of the ship except as 
noted in (c) above. 

Tlie above particularly applies to the skin 
of the ship and major bullheads, etc., after 
they have been welded in position in se¬ 
quence. 

2. Inspection: 

(o) All side shell and deck sections, 
main bulkheads and other major 
assemblies to be inspected prior 
to erection on wasrs. This 
welding inspection to be com¬ 
plete and ffiud and no fuitto 
repairs to be made on such 
wdds except to stop leaks as 
shown on hydro (or air) tests. 

(fr) The only welding inspection on. 
the ways will 1^ on field welds 
made on the ways and this in- 
sprction and any necessary re¬ 
pairs to be made within 2^hr. : 
of completion of such welds 
(in sequence) and to be final 
This is necessary in order to 
assure that such repams are | 
made before the welding se -1 
quence has progressed well be¬ 
yond the area involved. 

Fitting 

Safe welds cannot be made on the im¬ 
portant joints on the skin of these vessels- 
by bridging across excessive openings. Noi 

MARCKI 

by Google 




PLATE FAILURE 
HULI^20 WAY—3 
TIME—MARCH 1943 
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CAUSE OF FAILURE « 

TM| FAIlURe OCCUnCD OIRECTkV FROM 
THC ATTCIIFT TO RCMIR THC SHELL 
Furwo AFTER IT WAS COMRLeTCLT 
weiKO IN THIS VICINITY. ON S/ZS/4S 
TNeVFORMSO BY THS VERTICAL BUTT 
ANO TNE SEAM WAS BURNCO OUT. THC 
^TMS JACKED OUT ANO RCHCLDED. THC 
T* WAS ABABI SURHCD OUT OH S/ET/4S 
AMD THE FLATIHB MOKED OUT. THIS WAS 
BORE ABUSE THAN THC BILBE FLATS 
COULD TAKE AND IT FRACTURED AS HOTCB. 

SOLUTION: 

THIS PRACTICE HAS BEEN 
DISCONTINUED. 


OUTM* 


— 1- 


weld shall be made where openings in the 
joints exceed */4 in. Where the opening 
is of a large extent the section is to be 
broken loose and refaired and properly 
fitted. Where the excessive opening is 
local, one or both plate edges may be built 
up carefully with welding and carefully 
redressed to the proper opening and bevd 
before the weld is made. 


gif'j 

livt; 


The worst cases of unfairness are caused 
by poor preparation such as having a bulk¬ 
head or other transverse member off of 
the molded line and when the plating is 
pulled in and welded to such an unfair 
member, unfairness is built right into the 
vessel. This must be corrected by more 
careful checking and inspection prior to 
welding. 

WeUini 

Welding of all major welds on the skin 
v and on major and vital sections can and 


Jed . 

will be done to approved welding proced- 
ures and sequences and still not restrict 
II -the expeditious construction of these 
DVf vessels. 


Donald G. Maxson 
Welding Consultant 


o: ^APPROVED: 

B. Murray, 

; American Bureau of Shipping 

j*^5/John H. Anderton, 
iTtPi^uction Engineer 

t C 'i/Chester L. Nelson, 
r:?-i'.S. Maritime Commission 

rhe above has been quoted in its entirety 
^ IS this agreement has to a large extent 
lecome our "Bible” and the policy and 
^fVemises contained therein have proved 
^ onsistently to be sound not only in the 
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CONTROLS RKOtnRED 
FOR SAFE AMD ECO¬ 
NOMICAL CONSTRUC¬ 
TION OF WELDED SHIPS 

Fig. 1—^Unsafe Prac¬ 
tices—Splitting and 
Repairing 
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controlling of major unsafe practices re¬ 
ferred to therein, but further it established 
a proper and sound policy for inspection; 
and ^ no less importance it was one of 
our first main steps in the diagnosing and 
prescribing to the patient as a "joint 
venture.” 

Joint Venture 

Over and above anything else, the suc¬ 
cessful control of the many elements in¬ 
volved in the safe and economical con¬ 
struction of welded ships depends on the 


program being a "joint venture” of all 
interested parties and agencies. Any con¬ 
ception or idea of properly controlling such 
elements by having a welding engineer 
stuck off somewhere in the comer as a more 
or less necessary evil and without the 
proper backing and cooperation of all in¬ 
terested parties cannot possibly solve such 
a vital problem. 

Despite the tremendous accomplish¬ 
ments during our war effort the construc¬ 
tion of Boulder Dam still remains as a 
monument of modem constmction efforts 
as well as being the birthplace of "joint 
venture.” It was on the same principle 
of pooling the best talent and resources of 
similar groups on the "joint venture” basis 
that led to the organization and establish¬ 
ment of Marinship and associated ship¬ 
yards. Likewise the efforts to control the 
many elements involved in the safe and 
economical control of building tankers 
here has been a "joint venture” with all 
interested parties and agencies acting as 
consulting physicians. 


Consulting Physicians 

It became very evident to the family 
physician, early in the case, that all pos¬ 
sible aid would be required from the con¬ 
sulting physicians, more particularly in 
the following; 

(o) Management .—The whole back¬ 
bone of the success of our program has 
been the 100% backing and full coopera¬ 
tion of Management as represented by 
Ray Hamilton, Production Manager. 

(J) Government Agencies .—There has 
been a very close and cooperative tie-in 
with the Government agencies as repre¬ 
sented by W. B. Murray of the American 
Bureau of Shipping, Chester Nelson and his 
successor W. B. Fawke of the U. S. Mar¬ 
itime Commission, to carry out the policy 
and principles as outlined in the memo¬ 
randums of March 28 and 30,1943 as noted 
heretofore. 

(c) Engineering .—One of the most im¬ 
portant factors in the safe construction of 



Fig. 2—Unsafe Practices—Spot Shrinking "The Smallpox.” Time: March, 1943 
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Fig. S:—UiLsafe Practices—Notch Boming. Time: April, 1943. Note: Plate Fracture 


tankers, particularly in our early stages, 
was to correct the many notches, square 
corners and other unsafe elements as 
shown on our earlier plans. This phase 
has been controlled through the efforts 
of Dick Grambow, Naval Architect, who 
has given the fullest cooperation from the 
start. 

(d) Production and Craft Supervision .— 
All of our efforts in the control of the many 
phases involved would have been of no 
benefit if such controls, procedures, se* 
quences and the like, were not adhered 
to in the field. The major part of our 
entire program has been accomplished by 
the cooperation and action of Jack Hardie, 
General Superintendent of the Ship Con¬ 
struction Division, and Dave Davidson, 
General Superintendent of the Plant Di¬ 
vision, and their staffs in the field. 


Base Hospital 

When I was called in to act as the family 
physician, I was assigned an able assistant 
in the person of R. E. Smith, Welding 
Engineer. Prom this beginning and 
through various changes initiated by the 
production manager, the writer’s staff 
gradually developed into what became 
known as the Work Standards Divbion. 

In the early summer of 1943, the pro¬ 
duction manager transferred Ray Brown 
to act as yard consultant under the writer 
covering the chipping, riveting, flanging 
and other steel crafts along the same lines 
as our efforts had been heretofore con¬ 
fined to the welding and burning crafts. 

The Work Standards Division, which 
has since that time been composed of a 
small group of top personnel or specialists 
in the various crafts, performing among 
other things the following functions: 

(o) Welding and Craft Engineering .— 
This work consists of the preparation 


of welding and craft sequences and pro¬ 
cedures in cooperation with the Produc¬ 
tion and craft supervise^ force. 

(&) Field Engineering. —This section 
consists of a small group of engineers who 
tie in the production divisions and the 
engineering department on all welding 
and hull problems, and act as a central 
agency for accumulating, screening and 
utilizing of the best thoughts, suggestima 
and ideas yard-wide and craft wide. 

(c) Standards. —The Division acts as 
a central agency for the establishment of 
yard-wide craft and work standards. This 
work is performed on the premise that 


standards are not necessarily fixed, but 
fluid to meet changing conditions. 

(d) Inspection. —The procedures, se¬ 
quences and standards of workmanship 
and so forth, are monitored by a skilled 
group of welding and hull specialists, 
predicated, however, on the premise that 
the prime responsibility for the proper ob¬ 
servance of all procedures, standards and 
the like, rest with the production and 
craft supervision. 

(e) Weld Layout. —This unit interprets 
and lays out on the steel parts in chalk or 
paint the weld dimensions, increments for 
intermittent welds, weld bevels, weld 
deletions, sequences, etc., as shown on the 
approved plans, specifications and se¬ 
quences. 

(J) Weld Equipment and Supplies .— 
This unit not only handles and distributes 
all welding rod, but maintains a close con¬ 
trol to assure that the proper rod is used 
in its proper place. It also controls the 
placement of all welding machines and 
other welding supplies and equipment. 

(g) Internship. —The Division has also 
been a training ground for a great deal of 
the present production and craft super¬ 
vision, particularly in the welding craft. 
This has given us in the field, men in 
charge of the welding who are not only 
successful producers, but also who have 
had a good welding engineering training 
and background. 


PARTin 

THE INDIVIDUAL PRESCRIPTION 

In outlining some of our individual 
prescriptions or controls we will endeavor 
in a general way to cover the following 
ground—Sequences and Procedures; 
Elimination of Unsafe Practices; Design 
Problems and Their Solutions; Craft Con¬ 
trols; Inspection Controls and Critical 
Controls. 


PLATE FAILURE 
HULL—19 WAY—3 
TIME—APRIL 1943 



COMTBOLS REQUmSD 
FOB SAFK AND ECO¬ 
NOMICAL CONSTRUC- 
TION OF MTELDED SHIPS 

Fig. 4—Unsafe Prac¬ 
tices and Design 
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NCfTE; 

FAILURE IN INSERTED 
LONGITUDINAL FROM 
"SADDLE" WELDING. 
CONTROLLED BY 
MONITORING OF 
PREPARATION. 



Rg. 5—Unsafe Practices—Saddle Welds. Time: January, 1944. Note; Failure in 

Inserted Longitudinal 


Sequences and Procedures 

It has been the Writer's experience, 
iTticularly among the welding fraternity, 
at a clear and proper definition of se- 
lence and procedure is quite rare. On 
e other hand, there appears to be a very 
nple answer to each as follows: sc¬ 
ience is "when" and procedure is "how.” 
general, sequence or "when” is very 
operly a directive; on the other hand, 
ocedure or "how” is not. In other 
)rd5, it is not good psychology for the 
gineer or consultant to tell the craft 
production supervisor how to do his 
b in the form of a directive. Our ap- 
oach here is that the master sequences 
"when” the welding or other craft 
>eration shall be done are by nature a 
rective, but all procedures stating "how” 
e issued under the signature of the craft 
production supervisor and bear the 
)pToval of the welding consultant’s 
fice. These sequences and procedures 
bich cover a wide range are issued in 
»ldet form in the following breakdown; 

(o) Series No. 1 —"Master Welding 
sciences and Procedures.”—^This book- 
t covers the group of sequences and pro* 
dures essential to control the proper 
eparation and safe welding of these ves* 
Is. The master sequences have been 
ibmitted to and approved by both the 
merican Bureau of Shipping and the U. 
Maritime Commission. 

(J) Series No. 2 —"Hull and Welding 
ispection Procedures.”—This group of 
rocedures cover the wide range of in- 
lection requirements, more particularly 
1 the setting up of the proper controls to 
ury out the policy on inspection as out- 
aed in Article 2 of the Agreement of 
larch 28,1943. 

One of the most important of these cmi- 
xtls is that affecting the skin of the vessel 
' that portion consisting of all shell and 
■ain deck units which comprise the water 
id oil-tight integrity of these ships. This 
tspection is covered on a "joint venture” 
asis and signed off by U. S. Maritime 
ommission and Company representatives 
the following form of control: 
lo a similar manner and with a similar 
^ of release, all field welds performed 


use of inserts and other major repairs 
which have been likewise handled as a 
"jwnt venture” between the Government 
representatives, the Production force and 
the Work Standards staff. This is con¬ 
trolled by a rigid inspection to assure that 
such inserts and the like have been prop- 


made covering hull and welding operations 
for all the major assemblies manufactured 
in the Plant Division and a wide variety of 
similar operations. 

(c) Series No. 3 —"Technical Proce¬ 
dures.”—This series of procedures covers 


Release No. 


MARINSHIP CORPORATION 


HuU No. 


PRODUCTION DEPARTMENT 
WORK STANDARDS—WELDING DIVISION 


'Insert” Release 

1 . 


Inserts required by 
(check one) 


Plant 

PreHull 

Ways- 

Dodcs 


Date- 


(Description 


2. Above inserts due to- 


of member inserted) 


(state reason for insert) 

3. Above inserts have been prepared to the requirements of the Welding Consultant’s 
Procedure of 6/28/44. 


For U.S.M.C. or A.B.S. 


For Welding Consultant 


For Production 
Recorded and distributed on 


-1944. 


Procedure Co-ordinator 


MARINSHIP CORPORATION 
WORK STANDARDS—WELDING DIVISION 

SKIN" WELDING RELEASE (PLANT DIV.) DATE-1944 

Tie Shell and/or Main Deck Welding on Sections H. 


(Description of Section) 

been completed by the Plant Division, inspected and passed for erection on wasrs. 
^0 further repairs are to be made on su^ welds except in accordance with Welding 
^sultant’s ^ocedure of 4/8/43 and proper release from the Welding Engineer’s Office 

1 ). 


y. S. Maritime Commission For Welding Consultant 

kopjes: White to Ship Const. Yellow to Plant Division 
Blue to U.S.M.P.C. Pink retain in Book 


® the ways are jointly inspected, re- 
if necessary and signed off within 
'^hr. of their completion in sequence, 
pother extremely important phase re- 
luring proper control has been t^t of the 


erly prepared for welding to the approved 
procedures and standards. This work is 
controlled through the following form of 
release: 

In a similar manner an inspection is 


the question of weld layout, weld bevels 
with their proper tolerances for prepara¬ 
tion and welding, deep fillet technique of 
welding and many other technical pro¬ 
cedures and the like. 

(d) Series No. 4—“Hull and Welding 
Work Procedures.”—This series covers 
various craft procedures such as btuning 
procedures for ways and docks, fitting and 
welding procedure for longitudinal through 
brackets at bulkheads, fitting and welding 
procedure for Unicmmelt welding and the 
like. 

(e) Series No. 5 —"Testing, Training 
and Personnel Procedures.”—This series 
covers the established procedures for train¬ 
ing, testing and other personnel problems 
of the welding, burning and chipping 
crafts. 

(/) Series No. 6 —"Work and Time 
Saving Procedures.”—^This series covers a 
grouping of the many and various pro- 
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Fig. 6—^Unsafe Practices—Saddle Welding on Cargo Hatckea (Vendor Item). 
Time: 1943. Note: Notch from Saddle Weld 


cedures which have been prepared to 
eliminate and control such things as over- 
welding and other procedures which will 
increase our over-all efficiency. 

(g) Series No. 7 —“Jack Clamp Pro¬ 
cedures.”—This group covers a very com¬ 
plete study and work in the field to utilize 
to a great advantage the extremely useful 
jack clamp. 


EUmination of Unsafe Practices • 

The elimination of unsafe practices 
which superimpose additional thermal 
stresses subsequent to the completion of 
the welding operations has been one of the 
most important steps in the control and 
elimination of construction failures. Ar¬ 
ticle 2 of the Master Agreement of March 
28, 1943, outlines some of the unsafe 
practices which were discontinued at that 
time. 

The following illustrations in the form 
of photographs or sketches illustrate some 
of the early failures caused by such un¬ 
safe practices and also show the steps' 
taken to control same. 

(o) Culling Seam arid Butt Welds for 
Refairing and Rewelding .—Figure 1 shows 
a failure occurring in a bilge plate in March 
1943 from the unsafe practice of ripping 
major seams and butts out after being 
welded in sequence and jacking out and re¬ 
welding. It will be noted that this 
practice has been discontinued and fair¬ 
ness of such structure is maintained by a 
rigid control of proper preparation, strong 
backing, etc., before welding. 

(6) Spot Shrinking—The “Smallpox." 
—Particular attention is invited to Figure 
2 which we aptly call the “Smallpox.” 
How anyone can ever become excited 
about welding sequence from a stress view¬ 
point and countenance the deliberate in¬ 
jection of stresses by such shrinking opera¬ 
tions is a mystery. The proper control of 
the acetylene torch is often more essential 
to safe construction of welded ships than 


the proper control of the welding arc. To 
proi^ly and completely control this ex¬ 
tremely unsafe practice, it became neces¬ 
sary on instructions from the production 
manager to remove all shrinking torches 
from the field and lock them up in the tool 
room. Under proper supervisiem a reason¬ 
able amount of shrmking may safely be 
performed on the light plating of super¬ 
structure, more particularly in the way of 
portUght and door openings. However, 
this is one operation which must at all 
times be under dose control if we are in 
any way interested in controlling residual 
stiresses. 

(tf) Unsafe or Notch Burning .—Figure 
3 shows failure occurring in April of 1943 
from unsafe or notch btuming during prep¬ 


aration and fitting of shell plate. This 
failure is shown in more detail on Fig. 4. 
The question of sqtiare-comered notch 
burning has been one which has taken the 
strongest procedures to properly control 
both in the field of craft control as well as 
in the control of proper design to eliminate 
and insure that all torch cuts have radius 
comer s . 

(d) Saddle Welds .—The unsafe practice 
of saddle welding or the running of a 
couple of sturface passes on the outside of 
unprepared joints has been the cause of 
several failures as will be noted from 
Pig. 5 which illustrates a failure in an in¬ 
serted longitudinal member. Figure 6 
illustrates the saddle welding of cargo 
hatches. 

These hatches were furnished by 
vendors. While this unsafe condition was 
discovered before any failures occurred, 
it was necessary to bevel all these j<wts 
and reweld in a 100% maimer. This 
practice has been controlled by the issuing 
of proper procedures to assure that all such 
joints are properly prq>ared befme wading 
as has already been noted under the pro¬ 
cedure set up for the cmitroUing of inserts. 

(e) Ooerwelding .—Figure 7 illustrates 
a recent failure occurring in the fore and 
aft stay pads on the main mast caused by 
excessive overwelding. This stay pad, 
which was a vendor's item, was wdded to 
a half-inch plate on the cross trees, the 
plan calling for a half-inch fillet weld. 
Apparently, the vendor not realizing the 
b^c premise that the size of the weld is 
always determined by the thinner member, 
based his welding on the very heavy pad 
and the actual weld was approximately a 
U/rin. fillet which caused undue stresses, 
which together with an extremely bad 
notch condition in way of the angle con¬ 
nection caused the fracture of two of these 
pads as noted. The question of over¬ 
welding on our work here has been one 
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Fig. 7—Unsafe Practices—Overwelding. Time: July, 1944. Note: Fracture in 
Plate and Notch or Trigger 
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which has been thoroughly covered not 
only by memorandums, but by illustrative 
sketches. This subject has been attacked 
from the view of safe construction as well 
as economy. 


Design ProbUms and Their Solutions 

From the start, in cooperation with the 
naval architect, prompt steps have been 
taken to eliminate bad design in the nature 
of notch conditions, square comer cuts 
and sharp re-entrant angles. Figure 8 il¬ 
lustrates the original sharp notch condition 
of the fashion plates of the midship and 
fore and aft deck structures at the top of 
the sheer strake. This notch condition 
was one of the factors involved in the failure 
of the S.S. Schmeclady. 

Figure 9 shows the present tying in of 
the fashion plate to the top of the sheer 
strake in a fair and steamlined manner. 

In addition to the above, the naval 
architect’s office has taken steps to elimi¬ 
nate all square comer doublers, pads or 
other attachments on the main deck or 
other important structural members as 
well as for radius comers on all open¬ 

ings and penetrations. 



Rg. 8—Design Problems—Notch on Sheer Strake at Fashion Plate. Time: February 

1943 


Craft Control 

Of utmost importance in the safe and 
economical construction of welded ships 
is the proper control of the various crsdt 
operations on the building ways to the 
master sequences. These operations are 
controlled by the use of "Field Pro¬ 
duction Cards" as indicated below: 


A set of filing racks is provided in each 
huUmaster's shack for the movement of 
these cards through the various divisions; 
each division represented (Rigging, Ship¬ 
wright, Fitting, Welding) having its in¬ 
dividual rack. The control of all the cards 
through the divisional racks are main¬ 
tained by the hull engineer. The pro¬ 
cedure is as follows: 


and filed for reference having accom¬ 
plished its purpose. 

4. As soon as the shipfitters complete 
the fitting as called for on the blue cards 
in their possession, the work is inspected 
by their foreman and then signed off as 
completed. The card is then transferred 
to the welder’s rack and acts as a work 
order for the welding. On the comple¬ 
tion of the welding and inspection by the 
welding foreman, the cards are signed off 
for final completion. 


FIELD PRODUCTION CARD 
STERN ASSEMBLY TO POOP DECK 


Sect. 


(Description of Section) 


Card No. 486 


No. H-292 


HuU No. 60 


LANDED: 



FITTED: 




Date- 

SET: 

Shift 

Rigging Div. 

Date 

WELDED: 

Shift 

Shipfitting 

Div. 

Date 

Shift 

Shipwright Div. 

Date 

“^t 

Welding 

Div. 


Wmght of Section 16.1 Total Welding 268 

Tons Feet 


There are a total of 526 hull sections per 
vessel, each of which is controlled by a 
master card which is broken down into 
2024 blue cards covering the individual 
fitting and welding operations. These 
master cards cover a total of 4856 tons of 
steel and 100,418 ft. of erection welding. 

In addition to controlling the craft 
operations to sequence, the cards fiuuish 
each craft with convenient work assign¬ 
ments and furnish the Progress Division 
with accurate data for the preparation of 
yard progress reports. 


Each hull erection section is represented 
by such a numbered master card, the 
numerical sequence of which corresponds 
with the hull erection sequence as pre¬ 
pared by the Planning Division. The 
first function of the master cards b to as¬ 
sure the landing and erection of the hull 
sections to this sequence which is auto¬ 
matically maintained by the Rigging 
Division using them as work orders in 
their numerical sequence. 

Every master card, in turn, supports a 
set of corresponding numbered blue cards 
which enumerate in detail the fitting and 
welding operations required on that par¬ 
ticular section together with the exact 
welding footage, the summation of which 
equals the footage indicated on the master 
card. 


1. When any required section is ready 
for landing, the hull engineer places the 
corresponding master card in the rigger’s 
rack where it represents a work order for 
landing that section on the hull. 

2. When the section has been landed 
the master card is signed off by the rigger 
fcu'eman and transferred to the ship¬ 
wright’s rack where it in turn acts as a 
work order for the setting of the section. 

3. When the shipwrights have set the 
section the card is signed off by the ship¬ 
wright’s foreman and transferred to the 
shipfitter’s rack. At this time a set of 
corresponding numbered blue cards is at¬ 
tached to the master card and from there 
issued to the shipfitter crew by their fore¬ 
man in the form of work orders. The 
master card is then removed from the rack 


Critical Control 

Figure 10 outlines the most critical area 
of the vessel requiring rigid control from a 
stress viewpoint and also outlines some 
excerpts from the procedures estabUshed 
for the elimination of all possible notch 
conditions on the top of sheer strake, the 
fashion plates or on the main deck. Any 
notch condition in this area is the equiva¬ 
lent of the hacksaw cut given the nick 
break test plate prior to the breaking of 
such plate for examination. 

Lack of Control 

Figure 11 shows a major failure in a 
bilge plate which occurred in the first part 
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of April of this year. This is the only fail¬ 
ure of a major nature which has occurred 
in months and is a good example of the 
premise that once^the skin of the ship is 
welded in sequence, additional stresses 
cannot be superimposed through the ap¬ 
plication of further thermal stresses. This 
failure was caused by the improper and 
careless removal of a lifting pad by an in¬ 
experienced burner who gouged into the 
shell plate; thus through his burning 
operation causing additional stresses. The 
final straw was the application of the 
several stringbeads of welding to cover this 
defect which resulted in a 2-ft. fracture of 
the bilge plate. It will be noted that this 
panel was already highly stressed from the 
welding of the longitudinals and frames 
and the superimposing of these additional 
stresses was more than the steel (xnild 
stand. The safe removal of such lifting 
pads has been thoroughly covered by 
taking the following steps: firstly, in ^ 
instances where such pads do not inter¬ 
fere with other installations or proper 
movement, they are frozen and not re¬ 
moved. Secondly, in other places they 
are removed by being burned off neatly 
just above the weld and no scarfing of the 
weld permitted. Lastly, on tank tops 
and decks where the complete removal 
of the pad and the welding is required 
scarfing is restricted to strict supervision 
and procedures or else insistence is made 
that such pads be chipped free. 


PART IV—THE INQUEST 
Tha Patient Survivee 

After a careful review of the accomplish¬ 
ments to date, the findings of the jury 
show that there have been no service 
failures of any of the tankers delivered 
from Maiinship. This fact in itself is no 
proof that the controls which have been 
set up and operated are in themselves the 
sole reason for these results, however, 
it is felt we have come a good part of the 
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way in taking steps to build safe and eco¬ 
nomical all-welded ships. 

Our most crucial period is with and 
ahead of us, particularly in view of the 
very rapid reduction of our construction 
time on the ways and at the outfitting 
docks which so materially cuts down the 
time given nature to adjust and relieve 
residual stresses. Also, we are faced with 
the problem of complacency which always 
results when no trouble arises over a con¬ 
siderable period of time. 

One of the accomplishments which we 
have definitely obtained through the com¬ 
bined efforts of all, has been to continually 
improve our standards of workmanship 
despite our increased rate of production. 
This improvement covers all phases and all 


crafts from the drawing board to the de¬ 
livered ship. 

Attention is invited to Fig. 12 which 
shows the clearing of the sheer strake of all 
attachments and breaks in continuity; 
the streamlining of the fashion plates and 
the fairness of the hull maintained by 
proper inspection and preventive methods, 
rather than by the extremely unsafe prac¬ 
tices of ripping butts and seams, refairing 
and the like. 


The Patient Thrlvaa 

The first of our basic policy is the 
building of a safe ship. However, during 
1944, we have placed a great deal of pres¬ 
sure and emphasis on efficiency and econ¬ 
omy. This has been particularly true in 
regard to the welding operations which are 
a yardstick of the over-all job. Our basic 
code for efficiency has been that the effi¬ 
cient and economical job can only be the 
one that is done right the first time, thus 
eliminating the necessity of subsequent 
repairs or reworking. This premise is 
not only sound for economy, but also ties 
in very strongly in the safety factor. 
Within the past two months, we have cut 
our construction time on the ways, prac¬ 
tical^ in half and maintained the quantity 
and quality of our way welding with 
practically no increase in the welding 
force. 

Theoretically the perfect welded ship 
would be one that was completely welded 
to aU plan and specification requirements 
with the absolute miniTnutn amount of 
welding rod and without any repairs, re¬ 
welding, overwelding or other lost ma¬ 
terial and motions of this nature. 

For the past several months we have 
endeavored to control and exert pressure 
toward such a result. In connection with 
this, attention is invited to Fig. 13 (.<4) 
which shows the total amount of welding 


SHIP UNDER HOGGING LOAD 



fIG.A . 

SHADED AREA INCLUOINO MAIN DECK MOST 
CRITICAL FOR SAFE CONSTRUCTION AND 
CONTROL OF RESIDUAL STRESSES. 


FI6.C. 



Monc • 

•u. VtHTICikL Mkl. autt* 

'0 K •UM.T fU.LT K - 

nm CMMCKMO tNO TO 
rmiSM flKC 0* <LL HtOKS 
tm t^TCXS. 


WTf c 

*U. OOUOlCM. mds wo 
OThCH ATTacmMhTS to 

MAIN OCCN MU»T NWt 

muNOCo co*NC»t 


wore 0 

tLL OlMCTlVM CLlMMt- 
JkTIM SHRINIl XtTiNfi 

exccMive Rcmms tub 
Pick mloimo, ovem- 

WCLOiM.eTC., WIST 


BE OBECA^O" 


HOTl f: 

rtSmOH •L«TtS TO «E TKiHHCO TO 

WntOTtO WLAN I TIB.-** I MS 
BCLO At TOP OP IHUB PAMEO IN AB 
PEP PK. O. 


FIG. 0. 


THE WELDING JOURNAL 

Digitized by 


Google 


CONTROLS uoump 
TOR SAJI AND ECO- 
NOmCAL CO N8 T »UC- 
TION or WXLDID S HIf S 


ng. 10—&itical 
Controls 


MARCH 


rod consumed per hull at delivery from 
hull 40 to 49. inclusive. It will be noted 
that there has been a gradual and con¬ 
tinual reduction in the amount of welding 
rod required to complete these vessels. 
This is a definite indication of increased 
efficiency and saving in material and man 
hours. 

Figure 13 (B) shows the results ac¬ 
complished through education, procedures 
and rod control in increasing the use of 
•/i»-in. all-position welding rod over the 
smaller */ii-in. diameter rod which is so 
definitely a function of increased efficiency. 


Concluaion 

To sum up a few of the most pertinent 
premises necessary to the construction of 
safe and economical all-welded ships, it 
appears very evident that the following 
must be observed: 

(o) A Basic Policy .—A basic policy 
such as outlined in the memorandum of 
March 30, 1943, is just as essential to the 



fig, 11—Lack of Control Failure of Bilge Plate. Time: April 1944 



Fig. 12—The Patient Survivea. Time: August 1944 
Note: Removal of All Attachments to Top of Sheer Strake, Streamlining of Fashion 
Plates and Fairness of Shell by Proper Inspection and neventative Measures 


stresses in all-welded ships until we get 
over the idea of attacking this vital prob¬ 
lem as being exclusively a function of 
welding. These stresses and distortions 
set up in the base metal are due to the 
property of the steel which upon the ap¬ 
plication of heat, first expands and then 
upon cooling contracts b^mnd its ongmal 
limits. This property is clearly demon¬ 
strated by the fact that a cube of steel if 
repeatedly heated and cooled will ulti¬ 
mately take the form of a sphere. Added 
to the contraction or shrinkage of the base 
metal is the shrinkage of the deposited 
weld metal itsdf, which is in reality cast 
metal and ohHnks similarly to any other 
steel casting as it cools. Therefore welding 
enters the picture only because of the heat 
generated by the arc and not because of 
any other inherent deviltry. 

It also must be realized that the most 
dangerous stresses are those which are 
superimposed upon others produced by 
the welding operations. 

(c) Inspection .—There must be a new 
conception of the relationship between the 
contractor and the inspection agencies. 
The old premise of wuting until the job is 
finish e d and calUng on the inspector to 
reject or accept, results in dangerous re¬ 
pairs after the vessel is completely welded 
in sequence and cannot continue if we are 
to build safe welded ships. It is just as 
important to see that inspection and any 
necessary repairs be made in proper se- 


successful approach of solving the “subtle 
ailments” of weld ship construction as 
charts are to the mariner in approaching an 
unknown shore. 

In the approach to the attainment of 
such a policy it must be realized that at 
best only a limited result can be obt^ed 
unless the entire problem is attacked and 
solved on a “joint venture” basis between 
all the agencies, departments, divisions 
and crafts involved. 

(&) Control of Residual Stresses .—The 
fact must be faced that we will not get 
to first base in the control of residual 



[. 13a-'Total Con- 
nption of Welding 
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quence and at the proper time, as it is to 
weld to a proper sequence. 

Welding inspection should go back to 
the inspection of the preparation. A 
joint which is proi>erly prepared to stand* 
ards will be a safe welded joint as it is 
practically impossible with perfect fitting 
and preparation to obtain anything but a 


Fig. 13b-Welding Rod 
Conaumption lor Year 
1944. Per Cent of Use 
Vii In. ▼«. Vtt In. Diam. 
Qectrodea. Percentage 
Baaed on Yard Total of 
AUSixea 


safe weld. One good complete and thor¬ 
ough inspection of welding at the right 
time is the answer and no further in¬ 
spection should be necessary except where 
the human element has missed or erred, 
or where tests show leaks or other necessity 
for further repairs. 

Company inspection should be limited 


to a small group of thoroughly and com¬ 
petently trained men who know their 
welding thoroughly, and the responsibility 
for doing the job right the first time should 
at all times remain with the craft super¬ 
vision. Permitting a large group of com¬ 
pany inspectors and other supervision to 
chalk and mark up welding repairs pro¬ 
miscuously relieves the craft supervision of 
such responsibility. 

(d) Effidency .—There is no substitute 
for the fact that the only real efficient 
welded job is the one that is done right 
the first time. This of course means that 
we must have all the proper preparation 
prior to welding and following this that 
the welding must be properly done, to 
standards without overweldtng and other 
wasteful efforts. In this connection it 
must be realized that the need of "leaving 
undone those things which should be left 
undone is as essential as doing those things 
which should be done." 
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Fast New M-24 Combat 
Tank Unveiled 

By Walter Haise* 

A new, fast, light tank with automatic drive 
through eight speeds forward and four reverse, 
mounting a 7&*mm. cannon, has now been lifted 
from the Army’s restricted list and it was disclosed that 
the armor plate hull (or body) has been in production 
for months by The Heil Co., Milwaukee. 

The new combat weapon has fire power equal to that 
of a medium tank, speeds over 40 miles an hour, and has 
been literally custom-built to the design of “GI Joe” on 
the active battle lines. Designated lie M-24 it super¬ 
sedes the famous M-5, or “Honey,” also encased in 
Heil-built hulls, and which the Army called “the fastest 
and most maneuverable combat weapon of its type in 
use by any belligerent on any front.” 

The M-5 has been replaced by the new M-24 on the 
basis of recommendations from Army officers and en¬ 
gineers who as “technical observers” spent months on 
Mediterranean and European fronts in actual battles. 
To these suggestions were added the best features 
gleaned from a study of captured enemy tanks and after 
observation of Briti^ and Russian combat weapons. 

Principal advantages of the new M-24 are: (1) greater 
fire power (the 75-mm. cannon replaces a 37-mm. on the 
M-5); (2) lower silhouette for reconnaissance and ob¬ 
servation missions (the new tank has an over-all height 
of less than 87 in. and a hull height of less than 5 ft.); 
(3) sloped surfaces for protective advantages (all im¬ 
portant armored surfaces including the turret are slope 
up to 45°) (4) greatly reduced ground pressure in con- 
jimction with new track and suspension for negotiating 
marshy terrain; (5) greater maneuverability and doubled 
obstacle climbing ability even at the expense of some 
speed. 

The “power train” of the M-24 consists of two Cadil- 

*The Heil Co.. Milweukee, Wis. 



Front View of the M-24 Combat Tank 


lac V-type, 8-cylinder engines basically identical with 
those used in peacetime automobiles, and two Hydra- 
Matic transmissions operating through a power transfer 
unit. The newly designed automatic drive provides 
eight forward speeds, with a manual control between 
the upper and lower ranges and four speeds in reverse, 
automatically selected. 

Automatic gear operation in reverse is a new de¬ 
velopment for the M-24. According to Army men this 
enables the M-24 to rush up to the crest of a ridge, fiire 
at an enemy objective, back immediately away, re¬ 
load and zig-zag up to a new firing position so that 
enemy artillery trained on the original firing position 
cannot knock the tank out of its reappearance. 

The welding of the armor plate hull presented a for¬ 
midable problem because surfaces are all designed to slant 
at angles so that bullets cannot hit the tank squarely. 
Special fixtures were designed to hold the tank body to 
close tolerances and specialized technique required that 
the unit be kept at a constant temperature throughout 
the welding process. From long years of experience 
since pioneering in the welding of truck bodies and 
hoists and transport tanks, one company has acquired 
the “know how” that has establi^ed its reputation as 
one of the foremost welding plants in the country. 




Maneuverability of this new 20-ton weapon, which has 
been made 1 ft. wider than the heavier medium tank, is 
further improved by veiy wide trackage and reduced 
ground pressure now lower than the tread of a man of 
average weight. Tests at Army proving grounds show 
that it can climb up anything it can clmg to, which 
means inclines up to 60%> it can surmount a 

vertical obstacle 36 in. high with ease. Ordnance 
officials say that this soft "footing” ideally adapts the 
M-24 to the marshy areas of the current Pacific theater 
of war and to the off-summer seasonal conditions gen¬ 
erally prevalent in Europe. Suggestive of the side 
sweeps being made by Gen. Patton's command in 
France, the M-24 will operate well over 100 miles without 
refueling. 

In addition to its 75-mm. new high-velocity cannon, it 
carries a 50-calibre anti-aircraft gfun, smoke morto, 
30-caIibre coaxial gun and a 30-calibre bow machine 
gun swivelled to spray over a wide frontal arc. It 
carries additionally, sub-machine guns for each crew 
member as well as a supply of grenades. 

Recognizing the possible far range of tanks in modem 
combat, the M-24 achieves a new high in crew comfort 
in this type of vehicle, exceeding the riding ease of 
practically all other types of military vehicles. The 
drivers ride on adjustable seats, and there is controlled 
ventilation all around. Suspension is of the torsional 
bar type with shock absorbers and compensated idler. 

This full-tracked fast, light tank carries a crew of 
five—commander, driver, gunner, loader and assistant 
driver. Normal cargo includes more than 4000 rounds of 


ammimition. Dual controls enable the assistant driver 
to take over in an emergency. The design of the M-24 
places the driving compartment up front, the fighting 
compartment in lie center and the engine compartment 
in the rear. The turret in the M-24 is a full 5 ft. in di¬ 
ameter, with a continuous ball bearing mounting and a 
360° traverse. The turret mounts the 75-mm. cannon 
and the coaxial machine gun. 

Steering is remarkably easy for this type of weapon, 
say Army technicians, despite the 16-m. wide trac^ of 
steel blocks, 74 blocks to a side, running on ten de¬ 
mountable rubber-tired suspension wheels coupled to 
airplane-type hydraulic shock absorbers. 

The vehicle has a width of 112 in., height from ground 
to turret top of SOVs in. and over-^1 length of 216 in., 
including the overh^g of the cannon. 

To simplify the supply problem on foreign battle 
fronts, the tank was designed to utilize wherever pos¬ 
sible parts and service fs^ities, also cannon to other 
Allied combat weapons. 

This simplification of supply parts also extends in the 
M-24 to interchangeable right- and left-hand engines 
and other units in the Cadillac "power train.” 

The multitude of suggestions and refinements in the 
M-24 which came from "GI Joe” include the placing 
of first-aid kits outside the chassis. "Joe” asked that this 
be done not only to conserve space inside, but, he ex¬ 
plained, he was like a motorist in a traffic accident in 
that he was usually outside the vehicle before he was 
conscious of whether he needed a first-aid kit. 


Fabrication of Engine 
Exhaust for EC-2 Cargo 
Vessels 


T he fabrication of engine exhausts for cargo ves¬ 
sels represents a series of ingenious factory pro¬ 
cedures by the Weber Showcase & Fixture Co. of 
Los Angeles that have been combined to reduce cost of 
manufacture and short-cut production time. 

First a sheet of Vs-in. steel plate, 9x6 ft., is cut to a 
pattern which will fit one s^pe of the elbow to be 
formed. The sheet, after having been torch cut, weighs 
approximately 300 lb. 

One at a time these pieces are swxmg into a blast fur¬ 
nace at a temperature of 1400° F. and are heated for 15 
min. after which they are removed and placed on the face of 
a female die of a hydraulic press nearby. Under 400 tons 
pressure they are pressed into elbow halves. The rough 
shell which represents one-half of the elbow is taken to a 
cutting table where a portable radiograph cutting torch 
travels in a circular track aroimd lie curved edges of 
both sides of the metal, and the piece is trimmed down to 
the correct dimensions. After the actual trimming of the 
metal has been completed, the torch makes another com¬ 
plete trip and mitres the edges for welding the two halves 
together. 



Data and photo courtesy the Hobart Brothers Co., Troy, Ohio. 


Joining the two halves is done with arc welding, but the 
method used to clamp and draw the edges to be welded 
into position is somewhat unusual. After preliminary 
tacking of the two halves together, two small brackets 
are welded on either side of the seam and a push-pull, 
screw type jack is fastened on these brackets and the 
seam drawn into a snug position where it is firmly held 
until the welding is completed. 

Two welding necks are installed at each end and the 
25-in. diameter welded elbow is completed and ready for 
installation in EC-2 Cargo Ships. 
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Some Applications of Welded 
Aircraft Tubing* 

By J. S. Adelsont and Park Hillt 


T ubing is one of the major steel products used in 
aircraft construction and although many diversi¬ 
fied parts of the plane are made of tubing this 
discussion will deal particularly with applications of 
welded tubing in the power plant. Welded tubing has 
made tremendous strides over the past 20 yr. De¬ 
veloped originally as a light gage mechanical tube with a 
wall thickness of about in. or less for such uses as 
bedsteads and automobile exhaust pipes, its use was 
gradually expanded until there is practically no field of 
use for tubing where welded tube has not been given ap¬ 
proval. In achieving this acceptance, welded tube h^ 
been put through extensive tests and trial installations 
and has proved its efficiency and durability beyond any 
question in the mind of the user. The outstanding ex¬ 
ample is the millions of feet of boiler tubing now in use. 

The method of manufacture is essentially simple. The 
raw material, which is flat-rolled stock sheared to very 
accurate width, is formed cold into a butted tube and the 
edges butt welded by a continuous process. Obviously, 
there are several major advantages to a tube made in 
such a manner since the surface both inside and outside is 
that of a rolled product and therefore free from defects. 
(The tubing can be examined internally prior to welding 
by inspection of inside surface while in strip form.) As a 
gener^ rule, no further operations are necessary except 
for the standard finishing operations, such as straighten¬ 
ing, cutting to length, inspection, etc., unless special toler¬ 
ances or especially high physical properties are required, 
in which event the tube is given a cold draw pass to ob¬ 
tain these properties. 

With the tremendous increase in requirements for tub¬ 
ing upon our entry into the war, it was necessary to de¬ 
velop new sources of supply for tubing. The lo^cal 
source for such tubing was the welded tube plants be¬ 
cause production could be increased tremendously with 
relatively little increase in existing equipment. 

This paper will deal with three types of tubing; 
namely, alloy 4130 and 8630 tubing for motor mounts, 
low-carbon tubing for intake tubes, and stainless tubing 
for exhaust stacks. Welded stainless tubes had been 
accepted long ago by the Navy, and there was no problem 
involved in producing this product immediately. Alloy 
tubing, however, presented a much more diffi(^t prob¬ 
lem. Experiments had been conducted over a period of 
years leading to development of the proper welding tech¬ 
nique to manufacture this type of tubing. Republic 
Steel Corp., Steel and Tubes Division, developed the cor¬ 
rect welding procedure to produce a welded tube with 
properties equivalent to that of the base metal. A series 
of tests were then conducted in our own laboratories to 
determine whether our product conformed to the re¬ 
quirements of the War Department, Navy Department 
and Department of Commerce. Upon completion of 

* pAper delivered before anaual meeting of American Society of Mechanical 
Bonneers in New York City on Dec. 1, 1944. 

f Chief Metallurgical Engineer, Republic Steel Corp., Steel and Tubes 
DiviaioD. 

t Chief P roceaa and Inspection Engineer, Republic Steel Corp., Steel and 
Tuba Divialon. 


these tests, samples were submitted to various govern¬ 
ment agencies as well as a number of consumers, and their 
findings confirmed our conclusions that the welded tube 
was satisfactory for the application. As a further im¬ 
provement in welding technique, we have developed an 
electric nondestructive method of testing to which every 
foot of tubing is subjected. Based up>on these tests, 
welded tubing was accepted by all the interested agencies 
and the necessary specifications were written to cover 
the product, each specification having the requirement 
that the tube be subjected to a nondestructive test. 

Engine Moimts 

The importance of engine mounts is clearly defined in 
the following paragraph abstracted from one of the Glenn 
L. Martin Engineering Lectures prepared by John J. 
Buckley: 

"Foremost among the primary structures of an air¬ 
plane is the engine mount, a highly stressed unit that re¬ 
quires great care in both design and construction to as¬ 
sure safe transmission of the thrust applied by modem 
radial engines to the wing. The mount must withstand 
not only the tremendous loads of tension, compression 
and torque generated by the powerful engine units, 
but in addition, it must be designed to provide for shock 
loads caused by landing, with the weight of the engine 
supported far forward of the leading edge of the wing.” 

Welded tubing is used extensively for this application 
either in .the X-4130 or 8630 analysis. The tubing is 
made from cold-roUed steel which had been annealed 
because experience has proved that the softer the raw 
material, ^e simpler ^e welding technique. Weld¬ 
ability is also improved by heat treatment prior to the 
final normalizing operation. After welding, all tubes are 
normalized at about 1650-1700® F. and this accomplishes 
a twofold purpose. This heat treatment results in com¬ 
plete recrystallization of the weld area making it uniform 
with the rest of the tubing, and in addition, results in 



F^. 1—Air Intake Tube on Large Motor 
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physical properties which conform to the requirements of 
the various applicable specifications, which are 75,000 
psi. minimum yield point and 95,000 psi. minimum tensile 
strength. After normalizing, the tubing is then given 
a tempering or stress-relieving operation at about 800- 
1000° F., depending upon the size and chemistry of the 
individual heat. The normalizing operation is done in a 
continuous controUed-atmosphere furnace so that no 
scale is raised on the tube and the original cold-rolled 
surface of the raw material is retained. The tempering 
or blueing operation is also accomplished in the continu¬ 
ous furnace immediately following the normalizing sec¬ 
tion. There is no scale except for a very thin blue oxide 
coating which is hardly measurable and does not inter¬ 
fere with any subsequent assembly operations. The 
tempering operation also accomplishes a twofold pur¬ 
pose : it relieves any internal stresses resulting from the 
normalizing treatment and ftuther increases the yield 
point and may even result in increased ductility. 

After heat treatment, the tubing is straightened, given 
the electric nondestructive test, checked in the labora¬ 
tory to insure conformance to physical requirements, 
oiled and cut to the proper length. 

The first operation in the assembly of the motor mount 
is the forming of the ring. This is done cold in a rolling 
machine which insures accurate dimensions in contour. 
The ring is then completed by welding the open ends. 
This welding operation and subsequent welding opera¬ 
tions may be either arc or acetylene. General practice 
is to use a low-carbon rod as filler metal since it has been 
found that sufficient alloy is picked up from the tubing in 
the welding operation to assure ample strength in the 
joint. The second operation is to weld the lugs, which 
are usually steel forgings, to the ring. Since these 
must be accurately aligned the ring is straightened after 
the lugs are welded to it. Heat treatment to relieve 
stresses may be applied during various steps of the as¬ 
sembly to insure freedom from stresses which might re¬ 
sult in cracks. Mr. Buckley says: 

“Although finished assemblies are held to close dimen¬ 
sions, it is impossible to keep them to the tolerances re¬ 
quired by the specifications without some machining. 
Through the use of the fixtures and machinery described 
below, however, dimensions can be held to tolerances as 




Fig. 3—StainleM Exkauat Header after Bending, Sixing and 
Facing 

close as =^0.005 of an inch. These machining operations 
consist of drilling, reaming, counterboring and counter¬ 
sinking. All of ^e machining operations on the finished 
mount are performed by a Radial Drill which requires 
two special fixtures.” 

The completed unit is subjected to Magnaflux inspec¬ 
tion for the location of cra^s, laps, seams, inclusions 
and other welding defects. This operation is applied 
primarily as a check on the assembly welding operations 
since the tubing has already been checked for quality by 
the much more sensitive tube testing equipment. 

Aircraft Intake Tubes 

Due to the severity of fabrication operations, dose 
tolerances, physical requirements of the finished parts 
and rigid inspection, the production of aircraft engine 
intake tubes presents a very difficult problem to both the 
tube manufacturer and the fabricator. 

The tubing is made from low-carbon steel to Aero¬ 
nautical Material Specification 5053. 

To successfully meet the requirements, the tubing must 
have all these characteristics: 

1. Sound homogeneous steel free from laminations, 

seams, blisters, jiggers, scale marks, etc. 

2. Maximum ductility. 

3. Freedom on both the inside and outside from minor 

manufactiuing defects such as scratches, mandrel 
marks, shears, waves, dents, etc. 

4. Absolutely clean. (This refers to steel partides 

and abrasives of all kinds as well as rusts and 
oxides.) 

5. Ability to stand considerable reduction of area 

without splitting, cracking or opening up minor 
surface imperfections. 

6. Close size and wall thickness tolerances. 

The problem as to whether these requirements could 
be met in a rdatively large diameter, light wall tube 
(2*/§ to 2 */x 6 in. X 20 gage) offered a real challenge to the 
welded tut^ manufacturers when it was presented to 
them in the early days of the war. Little tubing re¬ 
quiring all these characteristics had ever been produced 
in commercial quantities which meant there was little or 
no history or experience to draw on. 

Starting with spedally selected and closely controlled, 
cold-rolled steel, it was found that many operations were 
required to produce satisfactory tubing. Four of these 
operations, i.e., welding, heat treating, straightening and 
nondestructive electric testing were found to require 
special equipment and supervision. Furthermore, the 
idea of ab^lute cleanliness required a general educational 
campaign. 

Some of the problems involved are: Bending tubing 
2*/i« in. O.D. x 0.035 in. wall thickness up to 90® on cen¬ 
ter line radii as small as SVi in- Multiple bends, flaring, 
flanging, expanding, etc., to tolerances 50% closer than 
commercial practice in the industry previously. Making 
short radius bends with practically no reduction of the in- 
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side diameter in the bend area and freedom from wrinkles, 
waves, scratches and minor fabricating marks and im¬ 
pressions. On some of these parts, it is impossible to 
locate from either end of the tube after the first operation. 
Therefore, the first bend must be made to almost zero 
tolerances and all subsequent locating is from this point. 

To prevent rust between operations the parts must be 
oiled, and in ordinary atmospheres enough dust and grit 
will accumulate to prevent further fabrication without 
cleaning. On the more severe mandrel bending opera¬ 
tions a very heavy lubricating medium is required and 
means had to be developed to keep this medium free from 
steel particles, grit and other abrasive agents. 

If the inside diameter and wall thickness of the tube 
could be held to a dimensional tolerance of 0.001 in. or 
if the fabricator could segregate the tubes into lots 
having these dimensional tolerances and build a complete 
set of tools for each lot, the mandrel bending operation 
would be relatively simple. Either of these possibilities 
are, of course, commercially impractical and a satisfac¬ 
tory solution has been largely due to the ingenious tooling 
on the part of the fabricator plus unusual quality control 
on the part of the tube manufacturer. 

Tooling for other operations, such as flanging, flaring, 
beading, expanding, spacing, indenting, cha]^ering, etc., 
has required either new art or tools made to tolerances 
prevously unheard of in tube fabricating work. 

Aircraft Exhaust Header 

This aircraft exhaust header, which is a 2Vi-in. O.D. x 
0.049-in. wall thickness tube made of 18-8 stabilized 
stainless, has proved to be another difficult fabricating 
job. After several years, its production is still limited to 
one tube producer, one fabricating subcontractor and one 
prime contractor. 

Length of the part before flanging is 10.90 in. + 0.031 
in. — 0.000 in. face plate measurement. This means 
that any variation in degree of perpendicularity of the 
faces is included in the length tolerance. There are two 
bends in close proximity on a 4.219-in. center line radius. 
The distance of straight tube on the short end is only 
0.668 in. The tolerance on the O.D. of the ends is 
^0.005 in. 

These extremely close limits give some indication of 
the difficulties the fabricating subcontractor was faced 
with. Special automatic hydraulically operated equip¬ 
ment had to be designed and built for the sizing and fac¬ 


ing operations. On the two mandrel bends it was found 
that standard hydraulic benders could be used with 
specially designed tools. The dies, mandrels, wiper 
blocks, following blocks, etc., were designed to maintain 
full cross-sectional area in the bends. Normally this 
can be accomplished by a conventional balling operation 
after the bends. By this we mean pushing a series of 
hardened balls through the part while it is held in the die. 

However, due to the tendency of stainless steel to gall 
and the requirement of freedom from internal marks or 
surface defects, it was decided to attempt to maintain the 
required sectional area on the benders. After design of 
several sets of experimental tools, this was accomplished. 

Bearing pressures in the hydraulic bender were found 
to be above anythinig previously encountered and had to 
be compensated for. 

Again elimination of all steel particles, minute cutting 
burrs and grit and abrasives of ^ kinds became of para¬ 
mount importance. 

It was found that even though the chemistry, physical 
properties, wall thickness and size tolerances of the tubing 
were closely controlled by the tube producers, there was 
enough variation from one lot to another—a lot being 
that part of one heat, welded, heat treated, etc., at one 
time—that each lot has to be kept separate through all 
fabricating operations and specify adjusted for on six 
of the operations. 

In the prime contractor’s plant, the finishing opera¬ 
tions, such as the welding on of fittings and collars, flang¬ 
ing, etc., are of a somewhat conventional nature, but due 
to dimensional and visual requirements, they are ex¬ 
tremely difficult and require familiarity with the best 
stainless practices. 

From liie production of the cold-rolled, stainless steel to 
the final operation on the fabricated part, consideration 
has to be given to the elimination of all minor defects, 
normally not considered harmful in tubular products. 

This part is the primary unit in removing exhaust 
gases from a very large aircraft motor and “hot spots 
must be guarded against regardless of costs.’’ 

Aside from the fact that this history is another ex¬ 
ample of how American Industry has met and overcome 
obstacles to War Production, it points to something that 
is far more important for the future. These develop¬ 
ments have meant progress in the refinement of tube 
fabricating techniques that were unheard of before the 
War—and these new techniques mean that anyone re¬ 
quiring a precisely fabricated tubular part in the future 
will find it much less difficult to get what he wants. 


1945 A.W.S. Directory 

In order to conserve paper the new 1945 A. W. S. Memberahip Directory, now available, will be only sent 
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ANNUAL MEETING, AMERICAN 
BUREAU OF SHIPPING 

The 83rd annual meeting of the Board 
of Managers and Members of the American 
Bureau of Shipping fvas held February 6, 
1945, in the Bureau’s Board room, 47 
Beaver St., New York City. 

President J. Lewis Luckenbach presided 
and expressed his gratitude to more than 
60 managers and members for their atten¬ 
dance. 

Mr. Luckenbach was elected President 
for the thirteenth time, and the following 
were re-elected: David Amott, Vice- 
President—Chief Surveyor; Joseph W. 
Powell and William D. Winter, Honorary 
Vice-Presidents: Jerome B. Crowley, 

Treasurer; John W. Cantillion, Secretary 
and Assistant Treasurer; and Kenneth D. 
Hull, Assistant Treasurer. 

The following were elected to the Board 
of Managers: 

For the three-year term expiring Jantuiry 
1948: Fraser A. Bailey, Thomas E. Buch¬ 
anan. Robert Haig, ^chmond K. Kelly, 
Lynn H. Komdorff, John McAuliffe, John 
F. Purcell, Owen C. Torrey, Harry W. 
Warley, William D. Winter. 

For the two-year term expiring January 
1947: Harold Jackson, Joseph A. Moore. 

For the one-year term expiring January 
1946: John M. Griser, Daniel K. Ludwig. 

The following were elected to the mem¬ 
bership of the American Bureau of Ship¬ 
ping: John M. Griser, President, Alabama 
Dry Dock 8s Shipbuilding Co.; W. Miller 
Laughtbn, Manager, Bethlehem Yards, 
San Francisco, Calif.; Emmet G. Me- 
Keever, President, Pan-American Petro¬ 
leum & Transport Co.; Owen C. Torrey, 
President, Marine Office of America; John 
Byrne, President, Universal Insurance Co.; 
J. S. Gilbertson, Marine Secretary, Hart¬ 
ford Fire Insurance Co. 

In his remarks, Mr. Luckenbach said: 

“Production of large merchant t 3 rpes of 
steel seagoing tonnage over 2000 gross tons 
in 1944 for the Maritime Commission and 
private interests again, as in 1943, reached 
unheard of totals, aggregating 14^ vessels 
of 11,403,163 gross tons and 16,143,065 
deadweight tons. Great as this achieve¬ 
ment is, it did not quite measure up to the 
record-breaking year of 1943, when there 
were produced 198 more vessels than in 
1944 and about 1,000,000 gross tons and 
2,300,000 deadweight tons more. How¬ 
ever. merchant ship completions averaged 
four every day in 1944, and three and one- 
half per day since we entered the war. 
The record construction rate of merchant 
vessels achieved during 1943 would have 
been duplicated in 1944 were it not for the 
curbing of overtime labor and the transi¬ 
tion from Liberty ship building to Victory 


ship construction. However, American 
shipyards in 1944 did have a record year 
from a production standpoint, as in addi¬ 
tion to merchant ship construction, 39,971 
units, mostly landing craft, were completed 
for the Navy, and hundreds of small 
vessels for the Army, Coast Guard and the 
Defense Plant Corporation. 

“The vessels produced in 1944 were con¬ 
structed by 38 of our major shipyards, two 
of the 3 rards finishing more than 100 ships 
each—actually one every three days. A 
number of our older established shipyards 
are still engaged exclusively upon naval 
construction and did not contribute to the 
large volume of merchant shipbuilding. 

“Having in mind that there existed 
throughout the world in September 1939, a 
total of 9278 merchant vessds of 52,700,000 
gross tons and 72,800.000 deadweight 
tons, 27% of which was over 20 years of 
age, the shipbuilding achievements of the 
United States since that time stand out as 
one of the most remarkable developments 
of the war. In that comparatively short 
span of time we have produced a new mer¬ 
chant fleet nearly the equal of the prewar 
world tonnage from a performance and 
operation standpoint, totaling 4009 units 
of 30,576,606 gross tons and 44,442,165 
deadweight tons. There will be added to 
this total by the end of 1945 approximately 
1200 vessels of about 9,300,000 gross tons 
and 13,000,000 deadweight tons. With 
prewar world tonnage reduced 30 to 50% 
due to war losses, it can be readily seen 
that the United States controls the me¬ 
dium of transportation by sea. We have 
already created a fleet fotir times larger 
than existed under the American flag in 
1939 and by the end of 1945 it will be five 
times larger. This has all been accom¬ 
plished under the very able direction of the 
Maritime Commission. 

“Of the total of 1463 merchant vessels 
constructed in 1944, 1223 were of the 
cargo or combination passenger and cargo 
types, representing 8,916,766 gross tons 
and 12,188,108 deadweight tons. Whiles 
majority of the vessels in this category 
were Liberty emergency cargo ships, total¬ 
ing 722 with a deadweight tonnage of 
7,679,113 tons. Victory ships also came 
into production during the year in ship¬ 
yards which bad completed their Liberty 
ship contracts. A total of 209 vessels of 
the Victory design were completed, having 
a deadweight tonnage of about 2,000,000 
tons. This type of vessel is now being 
built by six shipyards, and some have been 
constructed in 59 days. 

“The Liberty ship building program is 
nearing completion, with 148 still sched¬ 
uled as of January 1st—24 of which are 
being completed as colliers. A total of 
2504 Liberty ships have been completed 


in an average time of 62 days each and 62 
Liberty ships were completed as tankers. 
Several shipyards have completed their 
Liberty ships contracts with average build¬ 
ing times of 41 to 45 days. These ships 
are now being built only on the Atlantic 
and Gulf Coasts, as the Pacific Coast pro¬ 
grams were completed. 

“Many of the Cl-A, Cl-B, C2. C3. C4 
and P2 basic design types of vessels were 
completed during the year, together with 
the first of new Cl-M design Diesel pro¬ 
pelled cargo ships. Except for two small 
lighters, the concrete shipbuilding program 
has been completed; also the wooden 
barge program. 

“A new record for tank ship production 
was established in 1944, when 240 vessels 
of 2,486,397 gross tons and 3,954,957 dead¬ 
weight tons were completed. This is 
500,000 deadweight tons more than were 
finished in 1943. Seven shipyards pro¬ 
duced these 240 tankers, the Sun Co. com¬ 
pleting 69, the Kaiser Swan Island yard 
64, and 44 each by the Marinship Cor¬ 
poration and the Alabama Dry Dock & 
Shipbuilding Co. Turbo-electric propul¬ 
sion machinery was employed in 221 of 
these new tankers, totaling 1,688,360 hp. 
Also completed in 1944 was one of the 
largest bulk tankers in the world—the 
“Phoenix” of over 22,000 deadweight tons. 
Five additional sister ships will be con¬ 
structed. 

“Since the start of the war in Europe in 
September 1939, American shipyards, 
have, in answer to the loss in tankers by 
German submarines, produced 579 new 
tankers of 5,711,884 gross tons and 9,085,- 
939 deadweight tons, with propelling ma¬ 
chinery totaling 4,142,620 hp. The record 
building of tankers has rawe than made 
up Allied losses due to sinkings and puts 
the United States in a dominant position 
so far as tonnage of this type is concerned. 
In September 1939 there existed through¬ 
out the world 1507 tankers of 16,008,300 
deadweight tons, with 1033 of these vessels 
flying the flag of the United States, Great 
Britain and Norway. Losses by the two 
latter nations of this type of vessel have 
been particularly severe. With 238 
tankers still under contract to be con¬ 
structed, the United States should control 
by the end of the year close to 1000 tank 
ships of about 13,000,000 deadweight tons 
—a fleet about equal to the entire prewar 
world fleet because of a 25% increase in 
speed in the new vessels. 

“The shipbuilding industry of the 
United States established a new record in 
1944 by installing in merchant vessels a 
greater horsepower than was ever pro¬ 
duced in one year. The main contributing 
reason for this new achievement was the 
transition from Liberty to Victory ship- 
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NOW ,.. RESISTANCE WELDING AT 

Near Unity 

Power Factor (less KVA) 


Manufacturers and power companies have long been 
nt odds over Ae problem of supplying power for 
heavy reactive loads. Particularly in the case of 
heavy duty resistance welding of steel, power sup¬ 
pliers have often found it necessary to place a de¬ 
mand charge on the manufacturer. 

One reason for this is that conventional welders must 
utilize the comparatively high frequency alternating 
•current in their secondary circuit. High frequencies 
mean high reactance, with resultant operation at very 
low power factor — often 25% or less. Low power 
factor means more current must be available to meet 
the same demand . . . often requiring a boost in the 
size of distribution facilities. 

Sciaky “THREE-PHASE” welders are designed to 
overcome this, as well as other difficulties encountered 
in heavy duty resistance welding. An ideal low fre* 
<quency current is produced at the electrode tips by 
an ingenious system of first, rectifying all three phases 
of the supply to d.c., then reconverting to an alternat¬ 
ing impulse. Operation is on a balanced three 
phaae load at near unity power factor. 

bulletin 204-A describing fully.the Sciaky *‘THREE- 
PHASE’* principle will be gladly sent on request. 


Complet* Itna of AC and DC Electric Retistonee Welding Machines 

4915 West 67th Street, Chicago 38, Illinois 

Office* In Detroit, La* Angelei, Washington, Cleveland end New York 
aepretentatives in Principal Cities 

in England: Sciaky Electric Welding Machines, Ltd., London 
Sn France: Sciaky S.A., 13, 15 Rue Charles Fournier, Peris 


The Sciaky THREEPHASE principle 
ha$ been effectively applied to heavy 
gauge team welding. The machine i7- 
luetrated (type PMM.2T-13) tveldt 
tteel up to two thicknewet of .109” and 
can achieve a speed of 84” per minute 
on two thicknesses of .04(f. Trans¬ 
former rating is 120 KVA at 50% duty 
cycle. Unit is entirely self-contained 
with hinged side mounted rectifier and 
control cabinets. Electronic controls 
provide adjustable on-off time, squeeze 
and hold time. 
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building, involving three times greater 
horsepower per vessel. A total of 7,448,- 
950 hp. of main propelling machinery was 
installed in 1463 seagoing merchant ships. 
This total horsepower is almost twice as 
great as existed in the entire American 
merchant marine prior to our entrance into 
the war in 1941. Propelling machinery 
installed in merchant ships in 1944 was 
composed of the following types and total 
horsepower: 



No. of 

Total 


Ships 

Hp. 

Geared turbine 

426 

3,546,740 

Turbo-elec trie 

254 

1,947,860 

Reciprocating 

727 

1,817,500 

Diesel 

56 

136,850 

Total 

1463 

7,448,950 


“A significant feature of the wartime 
shipbuilding program in the United States 
has been the utilization of internal com¬ 
bustion engines on a vast and unprece¬ 
dented scale for the propulsion of many 
varied types of small vessels. An indica¬ 
tion of the extent of this trend is to be had 
in the fact that the United States Navy 
had in operation at the end of 1944 approxi¬ 
mately 82,000,000 hp. of Diesel engines. 
This total horsepower of Diesel propelling 
machinery is more than seven times greater 
than the total horsepower of all tsrpes of 
propulsion machinery employed in the pre¬ 
war seagoing merchant marine of the 
United States, which had only 300,000 hp. 
of Diesel engines^ While, of course, these 


naval units were mainly special types of 
landing vessels, a number of larger installa¬ 
tions do exist. The manufacturing of 
Diesel engines in this country is now on a 
far greater plane than probably existed 
before the war in all European nations, 
the greatest exponents of this type of ma¬ 
chinery for seagoing vessels. Many varied 
types of Diesels are now available in the 
United States and the horsepower of the 
individual unit is being increased as a result 
of experience, while the weight per horse¬ 
power is being decreased. However, 
where larger horsepowers are concerned, 
steam greatly predominates. 

“During 1944 a total of 136,850 brake 
hp. of Diesel engines was installed in 58 
new seagoing merchant vessels. This is 
the greatest amount of Diesel propulsion 
machinery ever built and installed in the 
span of one year for merchant ships of the 
United States. It is equal in power to one- 
half of the American flag prewar Diesel- 
propelled seagoing merchant vessels. Nine¬ 
teen of the standard Cl-A t)T)e Diesel- 
propelled cargoshipswerecompleted during 
the year, together with 39 of the smaller 
Cl-M design. Of the latter type there are 
now on order 231 additional vessels re¬ 
quiring a total of 392,700 bp. 

“As in 1942 and 1943, Pacific Coast 
shipyards completed the greatest number 
and tonnage of merchant vessels, finishing 
576 with a gross tonnage of 4,579,689 tons. 
Atlantic Coast yards delivered 572 ships 
of 4,554,601 gross tons, while on the Gulf 
287 vessels of 2,162,333 gross tons were 
turned out. Great Lakes yards finished. 


in addition to numerous smaller vessels, 
24 merchant ships of 106,540 gross tons. 
For the third successive year the State of 
California led the country in producing 
merchant vessels, turning out 409 vessels, 
or almost one-third of the total completed 
in the United States. The State of Mary¬ 
land was second with 145 vessels. 

“The structural troubles of some of our 
welded ships is still a matter of concern, 
although the general picttu-e is somewhat 
brighter than at this time last year. The 
failures experienced in service vary in de¬ 
gree from minor cracks which can be 
readily repaired and which are no more 
serious than a few leaky rivets to extensive 
plate fractures which propagate suddenly 
and which may result in a dangerous loss 
of strength to the entire structure. That 
no serious failures occurred last year in the 
period between April 1st to November 1st 
is not surprising as it is under the heavy 
weather and low-temperature conditions 
associated with the winter season that such 
troubles would naturally be expected. 
Some welded ships seem to have critical 
spots from which fractures start for no 
obvious reason and from a source which 
would normally be considered of no great 
significance. Experience and expediency 
have dictated the use of the more flexible 
riveted attachment in longitudinal seams 
and gunwale connections in order to pro¬ 
vide barriers against crack propagation in 
those particular types of vessels which ex¬ 
perience has shown to be particularly sus¬ 
ceptible to trouble. The corrective meas¬ 
ures undertaken along these tines on our 



# Last year, America’s welders 
spent over 85 million dollars for 
“bottled” acetylene gas. Fully two- 
thirds of this enormous sum—or 
over 56 million dollars—could 
have been saved by the use of Sight 
Feed Acetylene Generators. This 


handy, economical acetylene source 
gives you purer, hotter gas. Cuts 
costs. Increases profits. Order your 
Sight Feed today. Economize in ’45. 


THE SIGHT FEED GENERATOR CO. 

Sal«S! Richmond, Ind., Foctory: W. Aloxandrio, O. 
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quired. All standard methods o£ heating are 
employed: gas—arc—furnace and others. 

Be the first to introduce the EUTECTIC Low 
Temperature Welding process and its great ad¬ 
vantages into your company. Write for your 
copy of The Eutectic Welder TODAY! Fill in 
and mail the coupon or write on your company 
letterhead and your copy will be sent FREE by 
return mail. Thereafter you will receive it regu¬ 
larly every month. 

The Eutectic Welder is published by the En¬ 
gineering and Research staff of the Eutectic 
Welding Alloys Company and is supplemented 
by valuable contributions from enthusiastic 
users in all fields of industry and manufacturing. 


ITIC L«r T^mpenture Welding is 
it one of OtesoMt revolutionary weld- 
pwe ms of mndern times and The Ea¬ 
sier i% the only publication that tells 


at temperatures below the fusion 
lemetalsJa made possible by employ- 
■laiecBm of surface alloying. Joints 
■ tetJTECTIC Low Temperature 
tods ate smoother, stronger, better 
tod aebi more machinable than those 
by any other welding or brazing 


can be joined by EUTECTIC Low 
' Welding. No special skill is re- 


SENT FREE ON REQUEST 


EUTECTIC WELDING ALLOYS COMPANY 
40 Worth Street, New York 13, New York Room lllOB 
Please send me latest issue of The Eutectic Welder 
and place my name on your regular mailing Ust» 
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later Liberty ships diiring construction and 
being applied to such ships in service as 
rapidly as opportunity affords appear to be 
quite effective. In this connection the 
comparative immunity from structural 
troubles as evidenced by our records on 
those particular welded ships where the 
longitudinal side shell seams are riveted is 
worthy of note. 

“With a view to solving our welding 
problems an enormous amount of research 
work is now in progress at various labora¬ 
tories throughout the country largely 
financed by the Government and under the 
control of Advisory Committees on most of 
which the Bureau is represented. A num¬ 
ber of Committee meetings have been held 
at this office so that the Technical Staff 
is thoroughly familiar with these impor¬ 
tant activities. Valuable work is also b^g 
done by some of our shipbuilders and steel 
manufacturers and it would certainly 
appear as if every avenue of research is 
being explored. The projects comprise the 
taking of strain gage measurements and 
the evaluation of stress in the subassem¬ 
blies and completed assemblies of welded 
ships, also oh ships in service. A number 
of investigations into the behavior of the 
steel itself under varying conditions of 
stress and temperature have been initiated 
in an endeavor to solve the problem of 
brittle crack propagation in the compara¬ 
tively rigid welded structure. Funda¬ 
mental investigations of this character 
progress step by step, one project usually 
leading to another, and such work cannot 
be unduly rushed if the danger of drawing 


premature and unwarranted conclusions is 
to be avoided. Investigations carried out 
with the limited facilities in our own labo¬ 
ratory, together with our analysis of serv¬ 
ice failures, point to the need for a com¬ 
mercial sted more suitable for use in 
welded structures having higher notch 
impact values especially at low tempera¬ 
tures than the ordinary structural steel 
now available. The acctunulative data 
resulting from the various research proj¬ 
ects when correlated and analyzed will 
undoubtedly have a beneficial effect on 
future welded ship construction. Sound 
workmanship and suitable design will, 
however, continue to be essential consid¬ 
erations for the production of satisfactory 
welded ships. 

"While the transition frcnn the riveted 
to the welded ship has been gradual the 
change has been accelerated by the de¬ 
mands of war and such a new method of 
construction could not be expected to be 
applied on such a huge scale under war 
emergency conditions without experienc¬ 
ing some difficulties. Had it not been for 
the change to this t3rpe of construction it is 
doubtful if half the number of ships shown 
in this report could have been delivered, 
and even half of those kept in continuous 
operation considering the additional dry¬ 
docking time which would have be^ 
necessary for the re-driving of thousands of 
rivets if the experience with the riveted 
ships built during the last war is any cri¬ 
terion. The making of a riveter requires 
months, whereas a welder can be made in 
relatively short time. Besides, a riveter 


through the nature of his work must be of 
rugged physique. Women are used in 
many of the yards for welding. Few wo¬ 
men could be used as riveters and with 
selective service which has required so 
many men for the armed services, if rivet¬ 
ers had been taken out after their training, 
as welders have, I shudder to think what 
our ship production would have been. As 
a matter of fact, the welded ship has shown 
itself superior to the riveted ship in sus¬ 
taining much of the damage of war action 
without widespread leakage. 

“In spite of the many difficulties, not 
the least of which were the necessity for 
training most of the shipyard personnel 
and the varied modifications required to 
fit standard designs to specialized war re¬ 
quirements, the rate of production of ships 
has kept pace with the urgent need on a 
scale hitherto considered fantastic. The 
acute riiortage of trained personnel and its 
relation to the national problem of man¬ 
power requirements during such emergen¬ 
cies constitute an important lesson and 
seem to have been impressed in the minds 
of all our people. However, it is vitally 
necessary to see that the facts are remem¬ 
bered during peacetimes; that is, that 
continued training and employment be 
stressed so that we can maintain a suffi¬ 
cient merchant marine to guarantee our 
national security and defense if a simitar 
occasion should again arise. 

“While there has been a marked simpli¬ 
fication of design details because of the use 
of welding and a considerable progress in 
shipbuilding methods through an extended 
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Do’s 


Don’ts 


1. Clean and tighten all electrical connectiona in 
the secondary circuit regularly. 

2. Protect welding transformer slides, bearings and 
other parts from flash particles. 

3. Keep the welder throat area to the nunimnm 
permissible dimensions. 

4. Design welding fixtures and clamps with non¬ 
magnetic materials whenever possible. 

5. Lobricate the resistance welding machine, motor, 
gears and slides at periodic intervals. 

6. Clean all air or oil filters regularly. 

7. Keep leather cup washers in air cylinders soft 
and pliable with light motor oil. 

8. Calibrate all pressure applying mechanisms so 
that the exact welding pressure is always known. 

9. Use proper capacity welding machine for the job. 

10. Adjust the welding machine properly with the 
current initiating devices so that the current 
cycle is spaced midway in the pressure cycle. 

11. Clean either chemically or mechanically all 
material to be welded that has dirty, scaly, 
oxidized or otherwise contaminated surfaces. 

12. Provide suitable fixtures for holding the work in 
position prior to applying electrodes. 

13. Provide rigidity in the welder arms and holders 
to prevent skidding of the electrodes, wheels 
or dies under pressure. 


1. Don’t permit flash particles to accumulate on 
the welding transformer. 

2. Never use poorly maintained resistance welding 
equipment. 

3. Do not use a long welder arm extension or a 
wide arm separation unless the parts to be 
welded necessitate it. 

4. Avoid placing or fastening steel parts w fixtures 
in the throat area of the welding machine. 

5. Shun lubricants which are not recommeitded 
by the welder manufacturer. 

6. Don’t use air operated machines ■ when the ml 
bowl in the air line is empty. 

7. Never permit oil or grease to come in contact 
with the transformer winding, electrical wires, 
or cmmections. 

8. Never permit sliding pressure members to be¬ 
come too tight or j ammed, since this will increase 
the frictional forces and inertia of the moving 
members. 

9. Avoid uring a low capacity welder for heavy 
welding jobs. 

10. Do not allow welding current to be applied 
before full pressure is on work, or permit pres¬ 
sure release before the welding current is cut off. 

11. Never weld unclean metals, scaly stock, or 
metals with poor surface condition. 

12. Don’t nee welding tips, wheels or dies to form 
or shape parts in the welder. 

13. Never apply the electrodes to the work with a 
hard impact or hammer blow. 


On^o/o thm 

•nCir* seri** motlMf 
«t your rsquMt. 


DO increase production by using Mallory Standard Resistance Welding Electrodes 
—spot welding tips and headers. Consult us for seam welding wheels, flash, butt 
and projection welding dies for your particular application. Write for your copy 
of the electrode catalog and the Mallory Resistance Welding Data Book sent 
gratis to resistance welding engineers when requested on company letterhead. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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use of fabrication methods, the fact that 
so many ships were built of the same de¬ 
sign in different tjrpes might prompt the 
wrong conclusion regarding developments 
in naval architecture. In marine engi¬ 
neering, necessity has demanded the use of 
types of machinery which could be most 
readily manufactured. It has also required 
the use of alternative materials. Until 
experience in the use of the alternative 
materials has been gained, no accurate 
judgment can be placed on them. Ex¬ 
pediency has not permitted much in the 
way of development of the large internal 
combustion engine. However, tremendous 
development of this type of machinery in 
single units up to about 2000 hp. has been 
the outgrowth. Geared turbine and turbo- 
electric, together with some reciprocating 
engines of varying types, have been called 
in to play a part and developments in 
higher steam pressures and gas turbines 
may be looked for. Such experimental and 
research work has been done and until 
these are brought out into the light after 
the war it would be difficult to predict what 
we might expect. However, it is safe to 
say that substantial strides will be made 
both in material and construction which 
will be beneficial to the design, navigation 
and operation of ships. 

“Progress may also be expected in co¬ 
operation with other nationals in the stud¬ 
ies emanating under the auspices of the 
Coast Guard on the rules governing safety 
of life at sea, admeasurement and other 
maritime problems, in order that our ideas 
and regulations and those of foreign na¬ 
tionals be coordinated. 


“The Maritime Commission started out 
with what seemed to be an ambitious 
program. The war augmented this pro¬ 
gram literally hundreds of times. The 
Commission called for the complete co¬ 
operation of the shipbuilding industry and 
many facilities hitherto unthought of for 
use in maritime production were utilized, 
all of which added up and made possible 
the accomplishment of the preponderous 
task with which they were confronted. 

“Shipbuilding has arisen from a minor 
industry to second place. The tremendous 
demand for ships of all types has been per¬ 
haps better and more promptly met than 
any other requirement for this war and the 
shipbuilding industry and our merchant 
marine have a right to point with pride to 
the fact that when the demand was made 
for the tools with which to win this war, 
they were not found wanting.” 

FOUNDRYMEN CANCEL 1945 DETROIT 
FOUNDRY CONGRESS 

Cancellation of the 1945 War Produc¬ 
tion Foundry Congress of the American 
Foundrymen's Association, scheduled to be 
held in Detroit, April 30th to May 4th, was 
announced recently at a meeting of the 
Association’s Board of Directors, held in 
Chicago. Although the meeting was to 
have been devoted exclusively to the pres¬ 
entation of technical papers and reports 
valuable to the production of castings for 
war purposes, the society’s officers voted 
adoption of an emergency program to ac¬ 
complish its aims with minimum use of 
transportation and hotel facilities. 


R.W.M.A. ELECTS '45 PRESIDENT 

The Resistance Welder Manufacturers' 
A^ociation at their January meeting in 
Detroit have elected Chas. Eisler president 
of the R.W.M.A. for 1945. Chas. Eisler, 
owner and director of the Eisler Engineer¬ 
ing Co. Newark, N. J., succeeds Floyd E. 
Taylor, president of Swift Electric Welder 
Co., Detroit, Mich. Co-vice-presidents 
are David Sciaky, of Sciaky Brothers in 
Chicago, and H. V’. Beronius, of Welding 
Machines Manufacturing Co. in Detroit. 
Chas. Eisler has been building resistance 
welding equipment for a quarter of a cen¬ 
tury, this year marking the twenty-fifth 
anniversary of his organization. 

As head of the R.W.M.A. which repre¬ 
sents the bulk of the resistance welding 
industry, Chas. Eisler guides both the 
organization and its purpose. Among the 
many activities are improved relations 
among members, high ethical standards for 
the industry, encouraging methods for 
greater economy and efficiency, product 
improvement, as well as new markets tor 
resistance welding. The result has been 
many organizational activities and de¬ 
velopment of specification standards, 
standard practice and procedure, research 
and development, cooperation with other 
associations such as the Aubrican Wblo- 
ING Society, and joint studies with other 
Industries. 

Since the reorganization of R.W.M.A. 
in 1938, Chas. Eisler has been active in the 
organization in various capacities—ad¬ 
visory board, public relations committee, 
arbitration committee; last year he served 
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PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE • BRIDGEPORT 


FOR AC OR DC 

• We have withheld announcement of this new 

Allegheny electrode until we put it to every pos¬ 
sible test—both in our own laboratories and under 
actual working conditions with Stainless Steel fabri¬ 
cators. 

Now we know it's right. It's up to the PAGE high 
standard of quality. This electrode will operate in eiU 
positions—will produce smooth beads with very low 
spatter loss and instant arc action with all types of AC 
or DC equipment. 

Although specializing in Stainless Steel, PAGE offers 
a complete line of welding electrodes. Whatever your 
needs, it will pay you to . . . 
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as co-vice-president with W. T. Ober of 
the Thomson-Gibb Electric Welding Co. 
of Lynn, Mass. 

When the full story of resistance welding 
is told after the war, this fifty-year-old art 
will take its heralded place among the 
many production tools which have helped 
to make the U. S. the Arsenal of Democ¬ 
racy. 


LIEUT. I. C. OWENS AIDS WOUNDED 
AT TARAWA. KWAJALEIN AND SAIPAN 

The job that Lieut. Cuthbert Owens of 
Beloit is doing in this war is illustrated by 
his service at Saipan. There, as reported 
by U. P. and A. P. correspondents, he "as 
naval doctor in charge of an evacuation 
and aid station for the wounded, worked 
for four days straight, with almost no 
sleep, under constant Japanese fire." He 
was subsequently awarded the Bronze 
Star Medal by Admiral C. W. Nimitz for 
"heroic achievement and outstanding 
professional ability. 

His father, James W. Owens, has since 
1935 held the vitally important position 
of Director of Welding for all Fairbanks- 
Morse plants. In this and his previous 
connections, the elder Owens has con¬ 
tributed greatly to the excellence of our 
country's ships. His honors include a 
S10,000 first prize in an international weld¬ 
ing competition sponsored by the Ameri¬ 
can Society of Mechanical Engineers, the 
Miller Memorial Medal from the Ameri¬ 


can Welding Society, and the vice¬ 
presidency of the latter organization, 
which he helped found. He is the author 
of the textbook "Fundamentals of Weld¬ 
ing." 


PEORIA OFTICE OF LINCOLN ELECTRIC 

Announcement is made by The Lincoln 
Electric Company, Cleveland, Ohio 
of a new address for its Peoria Office. 

The new office, in charge of L. W. O’Day 
manager, is now located in larger quarters 
in the Electrical Building, 214 Second St., 
Peoria, HI. Mr. O’Day has been a Lincoln 
arc-welding engineer for 17 yr. and in the 
Chicago District. He has been manager at 
Peoria for 4 yr. 

The new facilities, which are located in a 
building having approximately 25,000 sq. 
ft. of floor space, provide ample quarters 
for service, spare parts and engineering and 
welding demonstrations. 


BABCOCK & WILCOX GUN MOUNT 
WELDING SCHOOL 

The nation’s supply of vitally needed 
welders for naval armament has been aug¬ 
mented by 318 men and women who have 
completed the course and qualified as first 
class Navy welders at the Welding School 
of the Rush Street gun mount plant of the 
Babcock & Wilcox Co. here, it was an¬ 
nounced by Cecil H. Gay, Superintendent 


of the plant, as the School swung into its 
fifth year. Since its beginning in Decem¬ 
ber 1940, a year before Pearl Harbor, the 
WeldingScbool has given85,000 man-hours 
of instruction and taught welding to 398 
students. 

The main product of the Rush Street 
plant is high-caliber Navy gun mounts for 
dual purpose antiaircraft guns. Among 
the guns for which it manufacturers 
mounts is the famous 5-in 38-caliber gun 
used on nearly every big ship afloat in¬ 
cluding battleships, destroyers, cruisers 
and some transports. Known to the men 
as the "Navy Sweetheart” because of its 
excellent performance in action, this 5-in. 
gun has figured in most of the battles in 
the Pacific. Other guns for which the 
plant turns out mounts are the 5-in. 25- 
caliber, dual-purpose gun. the 8-in. 55- 
caliber gun and the 40-mm. gun used on 
all naval vessels. The Alliance plant is the 
only source of mounts for the 5-in. 25- 
caliber gun outside of the United States 
Government gun factory. 

Intricate Welding Requirements .—The 
type of welding performed at the gun 
mount shop, Mr. Gay explained, is 
intricate and vitally important to the 
strength and durability of the finished 
gun. Because of the terrific vibration and 
recoil which the gun mount must bear 
when the gun is in operation, the welding 
of the parts must stand up to X-ray exami¬ 
nation, and the welding is comparable to 
that on vessels designed to withstand high 
pressures. The necessity for enough highly 
skilled welding labor to meet increasing 
production demands due to armament ex- 




We manufacture a complete line 
of resistance spot welders from 
to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 

TRANSFORMERS OF ALL TYPES 

WE tNVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES. 
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EISLER ENGINEERING CO. 
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When you specify "MAJOR” welding cable, you 
choose the preferred brand. An independent 
national survey has voted "MAJOR” the first 
choice extruded type, rubber covered, flexible 
welding cable — 

"MAJOR” Welding Cable extends thanks to the 
Welding Industry for this recognition. 
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pansion, led to the establishment of the 
Welding School at the plant, even before 
the United States’ entry into the war. 


EDUCATIONAL PROGRAM FOR 
RESISTANCE WELDING 

In order to broaden the scope of its serv¬ 
ice to the metal working and fabricating 
industries, the Resistance Welding Manu¬ 
facturers’ Association has inaugivated a 
program of cooperative educational ac¬ 
tivity on resistance welding subject. Re¬ 
cent metal industry surveys have shown 
that a very large percentage of those 
firms now using resistance welding in 
production are planning definitely to do 
more. The main objective of the educa¬ 
tional program will be to encourage and to 
assist this expanded use by making more 
widely available a knowledge of the ad¬ 
vances in design, in welding techniques 
and in fabricating procedures which have 
been made during the war production 
period. 

Essentially this program is a continua¬ 
tion of established activities of the associa¬ 
tion in sponsoring research projects, co¬ 
operating with interested engineering 
societies and developing equipment stand¬ 
ards and recmnmended practices. In the 
educational work especial attention will 
be given to (1) assisting design engineers 
to improve both product and production 
by designing component parts specifically 
for the welding process that is to be used, 
(2) encourage the use of recommended 
practices in order to realize maximum 


economies and consistant good quality 
from the application of resistance welding, 
(3) establbb the fundamental principles 
of resistance welding as a basis for proper 
application of the process, and (4) to in¬ 
terpret research results to design engineers 
and production executives. Harold S. 
Card has been appointed educational 
director in charge of this program, with 
headquarters in the Citizens Building, 
Cleveland, Ohio. 


BRAZING CONTACTS 

Gibson Electric Co., 8362 Frankstown 
Ave., Pittsburgh 21, Pa., has published a 
new folder covering Silver-Solder-Backed 
Contacts in Gibsiloy and Silver for Braz¬ 
ing. The construction and advantages of 
solder-backed contacts and various 
methods of brazing are described in detail. 
Listings and illustrations of standard 
forms and sizes in which solder-backed 
contacts can be furnished are shown. Also 
illustrated are tsqiical assemblies of solder- 
backed contacts with various types of 
contact supports commonly used in elec¬ 
trical control apparatus. A table Usts the 
characteristics of various Gibsiloy powder 
metal contact materials. Copy will be 
sent free on request. Ask for Catalog 
C-11. 


SAFETY CLOTHES 

American Optical Co. announces a new 
booklet listing and describing AO safety 
clothing for male welders. Copies of the 


bocddet can be secured without cost by 
writing the concern at Southbridge, Mass. 

Clothing described includes overalls, all- 
leather pants, hot weather pants, chaps, 
aprons, coats, cape sleeves and bib, short 
jacket, sleeves and sleevelets, gloves, mit¬ 
tens and spats. 

AO welders' safety clothing, the an¬ 
nouncement adds, provides over-all pro¬ 
tection against flying sparks, thereby help¬ 
ing to prevent painful skin burns and tend¬ 
ing to reduce accident frequency. 

Patterns for this safety clothing were 
developed by an expert designer of men’s 
clothes, working in conjunction with a 
practical, experienced welder. Sleeves and 
trouser legs are shaped to fit. Garments 
are made of as few pieces of leather as 
possible—no unnecessary piecing out, no 
useless seams. 


DICTIONARY OF ENGINEERING AND 
MACHINE SHOP TERMS 

By A. H. Sandy 

Compiled in this bandy volume are the 
definitions of many important terms used 
in machine shops, industries and engineer¬ 
ing literature, as gathered by the author 
during many years of experience both in in¬ 
dustry and as a lecturer. Its clear and 
simple language will make this dictionary 
useful not only for engineers and students 
of engineering, but also for foremen and 
specialized workmen of the various shops 
and industries. Chemical Publishing Co., 
Inc., 1234 King St., Brooklyn, X. Y. 153 
pages, 1944, $2.75. 



for Beffer ond Easier Welding 

DUCTONE AC 

(E6011 and E60I3) 

WELDING RODS 


Prempi daiivvry con b« mod* on DUCTONE AC rodt, Hw •!«<- 
trod* that hot b««n dciignad •ipociolly (or AC woldina. Thit 
it o promium pwolily oUctrodo thol it (or tuporier lo oil olhor 
AC redf. If it nelod lor IN oxlra-ttabilliallon In Iho coofina, 
which mokoi tfrikina ond molnlainina on arc ooty, ond lor lit 
oil petition uto . . . Small tiioi oro otpoclelly a*n^ ^ 1^1'* 
thoof molol. ExcollonI lor vortical ond evorhood woldina on 
OC petitivi polarity. Eitrvdod all tlioi from I/IA" to 1/4" 
Soo yovr dtoltr. 


Territorial Avoilobh lor Olitrlbtifort 


MARCH 


gle 























f/cecCCecf 7ta^ma£ recoup 






fV 




ARC WELDING a 


At- 


1945 

ADVERTISING 


287 



Digitized by CjOO^Ic 



Complete deteilemndprooeduree for ei4ht typeeef*‘FIeetweId‘* and 32 other 
Uneoln Electrodes are 4iven in the “Weldireotory." Free on request. 


THE LINCOLN ELECTRIC COMPANY • CUvRiand 1, Ohio 


"Force the Battle,” dcufd 


LOOK, GCNBIAL, how manufacturers and builders force their "‘enemy” 
competitors to dance to the time of faster and better Arc Welding. 

with 


"FLEETWELD 

. . . the world’s No. J 
electrode family 


THREE DOTS 

Enables you to identify at a glance 
the genuine "Fleetweld” 


FOECi 2: HIGHEE mtd HIGHEE QUAirTY 

Every “heat” of wire, every batch of 
ohaiwigaU axul every step in ‘*Fleetweld'’ 
production is checked carefully by labora' 
tory and production supervisors to make 
•ure that every electrode meets super 
•trict specifications. Continuous refine¬ 
ment of ‘*Fleetweld” has kept it the stand¬ 
ard of weld quality the world over. 


FOECE 3: LOWEE md LOWEE COST 

Lincoln’s increasing large-scale produc- 
ticm has made possible installation of the 
world's most efBcient equipment and 
methods for electrode manufacture. Lin¬ 
coln has led the world in the reduction of 
electrode manufacturing cost and has 
continually passed the savings on to the 
user . . . for lower and lower welding cost. 


FORCE 1: FASTEE md FASHE WELDING 

Lincoln Engineers, in constant touch wiUi 
welding users the world over, provide a 
fund of ideas for the continuous improve¬ 
ment "Fleetweld” and the techniques 
for its use. Result: Depout rates are 
fester; spatter and slag loss is less; arc is 
easier to strike and maintain under aO 
welding conditions and podtions. 






RESISTANCE WELDING CONTROL 
TRAINING COURSE 

Designed to set forth in a clear and 
understandable manner how welding proc¬ 
esses differ, how electronic control for re¬ 
sistance welding works and how this 
method of control extensively adapts this 
welding process to industry, a new seven- 
part training course by slide sound films, 
lesson books, quiz book and an instructor's 
manual has been prepared by Westing- 
house. 

Although produced primarily for West- 
inghouse employees, the material has 
been made available to others at reproduc¬ 
tion costs because of many requests from 
engineering groups and individuals in¬ 
terested in resistance welding control. 

It is recommended that 8 to 10 hr. 
should be allowed for the full seven-part 
course, 2 hr. for each of the four l^ons. 
Lesson I to cover Parts One and Two, Les¬ 
son II to cover Parts Three, Four and Five, 
Lesson III to cover Part Six, Lesson IV for 
Part Seven and Quiz; with classes held one 
night each week, thus giving class mem- 
b^ a chance for review and supplemental 
reading. 

Material for the Course .—Slide films and 
records for the seven lessons give clear, 
visual explanations of the basic theory 
and applications (for use with 35-mm. 
sound slide film equipment). Seven les¬ 
sons in handy picket size, reproducing the 
subject matter of each lesson, are pro¬ 
vided each member of the class. These 
afford a convenient means of review and 
supplemental study. One quiz book is 
supplied each member of the class for final 
review of subjects covered. An in¬ 
structor’s manual giving suggested class¬ 
room procedure is provided with complete 
course. Informative booklets on resist¬ 
ance welding in industry supplement 
course material. 

For a class of 20 a complete set of ma¬ 
terial costs $50 and includes the following: 

20 sets—seven lesson booklets and Quiz 
book. 

20 sets—supplemental literature. 

1 set—seven slide films and records. 

I each—instructor’s manual. 

Orders for the resistance welding con¬ 
trol training course should be sent to C. 
R. Riker, Supervisor, Extension Training, 
Westinghouse Electric and Manufactur¬ 
ing Co., 306 Fourth Ave., Room 1712, 
Pittsburgh, Pa. 


ILLINOIS INSTITUTE OF TECHNOLOGY 
RESEARCH LABORATORY 

The organization of a mechanics and 
aeronautics research laboratory to carry 
on long-time fundamental research in the 


field of solid and fluid mechanics has been 
announced by Illinois Institute of Tech¬ 
nology, Chicago. 

The laboratory will work in close co¬ 
operation with the mechanics and civil 
engineering departments and with Illinois 
Tech’s Armour Research Foundation. 

Dr. L. H. Donnell has been named direc¬ 
tor of the laboratory and Dr. LeVan Griffis, 
associate director. Both also serve as 
teachers of mechanics at Illinois Tech. 

Dr. Donnell, who has been on the 
school's staff since 1939, was in charge of 
stress analysis and structural research for 
the Goodyear Zeppelin corporation for six 
years. Previously he headed the aeronau¬ 
tical structures laboratory at California 
Institute of Technology at Pasadena. 

Dr. Grilfis, who received both his under¬ 
graduate and graduate training at Cali¬ 
fornia Institute of Technology, had charge 
of the impact laboratory there before com¬ 
ing to Illinois Tech in 1941. 

Four graduate students, two mechanics 
and a secretary assist the directors. 

To help with financing the laboratory, 
sponsored projects will be accepted from 
outside organizations interested in research 
in solid and fluid mechanics. 

Mr. Donnell indicates that the labora¬ 
tory will undertake research in its broad¬ 
est and most fundamental aspects rather 
than limiting itself to small, specifically 
detailed projects. He asks, ther^ore, that 
sponsoring agencies specify their problems 
in the broadest possible aspect. Problems 
for which ideas and plans have already 
been projected include the following: 

The General Problem of Failure of 
Materials 

Criteria for the three basic types of 
failure and other postfailure pioblems; 
significance of residual stresses in relation 
to failure; meaning and practical signifi¬ 
cance of ductility measurements and of 
impact tests; practical applications, in¬ 
cluding material cutting and forming 
operations, and failure of wire rope and of 
gear teeth. 

Buckling Problems 

The effect of imperfections of shape and 
elasticity on columns; development of 
complete and usable rational column 
theory; effect of imperfections on local 
buckling of thin curved sheet under axial 
stress; clearing up of present discrepan¬ 
cies in theories; extension of study of ef¬ 
fect of imperfections to other cases. 

Airfoil Problems 

A study of several methods for reducing 
induced drag and their practical value, a 
study of airfoil sections by the use of ad¬ 


justable models; a study of interference 
effects produced by dihedral angles. 

Problems in the Mechanism of Turbulence 

Relation between wall roughness, tur¬ 
bulence and friction loss; relations be¬ 
tween roughness, turbulence, particle prop¬ 
erties and transportation of solids. 

The laboratory will encourage and at¬ 
tempt to facilitate research by Illinois 
Tech faculty members who otherwise 
might find it difficult. It will assist re¬ 
searchers by supplying and maintaining 
equipment and performing certain tech¬ 
nical procedures. 

An advisory council, representing indus¬ 
try, engineering societies and certain 
governmental agencies, has been formed. 
Participating are H. C. Boardman, head 
of research for the Chicago Bridge and Iron 
company; Dr. W. F. Durand, chairman of 
the N'ational Research Council's Division 
of Engineering and Industrial Research; 
Dr. J. X. Goodier, chairman of the applied 
mechanics department at Cornell Univer¬ 
sity: Dr. G. W. Lewis, director of aero¬ 
nautical research for the National Ad¬ 
visory Committee for Aeronautics; Prof. 
H. F. Moore, research professor of engi¬ 
neering materials at the University of Illi¬ 
nois; Dr. A. Nadai, consulting engineer for 
the Westinghouse Electric and Manufac¬ 
turing Company; and Dr. S. Timoshenko, 
professor of theoretical and applied me¬ 
chanics at Stanford University. 


G.E. PAPERS AT A.LE.E«CONVENTION 

An interval timer for arc duration, the 
design of sealed ignitron rectifiers, power 
supply for a.-c. arc welders and an analysis 
of arc-welding reactors were among the 
subjects discussed in six papers by General 
Electric engineers during the Winter Tech¬ 
nical Meeting of the American Institute of 
Electrical Engineers in New York, Janu¬ 
ary 22nd to 26th. 

Interval Timer for Arc Duration 

A laboratory electronic instrument de¬ 
veloped to measure the time in milli¬ 
seconds during which arcing exists when 
an electric circuit is opened, was described 
in detail in the paper “An Interval Timer 
for Arc Duration,” by J. S. Quill of General 
Electric’s Industrial Control Engineering 
Division. The instrument, Mr. Quill ex¬ 
plained, consists of a regulated power 
supply, a timing circuit, a voltage-signal 
circuit and a current-signal circuit. It rc- 
quiies two input signals, one obtained from 
the arc voltage, the other frmn the circuit 
current. Timing is initiated when the vol¬ 
tage signal appears and it is tenninated 
when the current goes to zero. During the 
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of X-ray Quality Weldin 


X-RAY welding is synonymous with top 
welding quality. And more than a mile of 
X-ray quality welding is done in A. O. Smith 
plants erery day! 

This mastery of welding technique made 
possible an unprecedented increase in the 
speed of aerial and submarine torpedo pro¬ 
duction — two of the most lethal weapons 
of the war at sea. 

Moreover, for torpedo air flask welding, 
A. O. Smith had to develop a new electrode 


in order to weld the high-strength alloy steel, 
and still meet the highest X-ray standards. 

This vital wartime development is one 
more evidence of the supremacy of SMITH- 
way Certified Welding Electrodes. More 
than 320,000 of these electrodes are used 
daily in A. O. Smith plants. Millions more 
are used in other manufacturers* plants. 

Make the most of modem welding as a 
production tool. Write for catalog, and out¬ 
line your welding problems. 


Butf Bond *jUi4. MontUj 
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WELDING ELECTRODES 
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SMTfHway A. C. Wtlding Machin* saves 
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interim, a capacitor is charged linearly 
with time, and the voltage on the capaci¬ 
tor is inversely proportional to the arc time. 
The characteristics of this timer, Mr. Quill 
stated, make it very suitable for dealing 
with the problems of both a.-c. and d.-c. 
arc interruption. It is readily set up and 
seldom requires readjustment, it reads 
directly and thus eliminates lengthy and 
expensive photographic processes, and 
with it only a few minutes are required to 
complete a test of 100 interruptions with 
the arc time recorded for each operation. 
The timer may also be used to measure the 
interval between two voltage signals, the 
opening and closing of travel time contac¬ 
tors, the sequencing of devices and for 
many similar applications. One of these 
timers, Mr. Quill pointed out, has been in 
use for approximately a year, during which 
period it has recorded over a quarter of a 
million readings of arc time. 

Sealed Ignitron Rectifier Design 

In the paper “Design of Sealed Ignitron 
Rectifiers for Three-wire Service,” M. M. 
Morack of the Power Rectifier Engineering 
Division discussed the various advantages 
offered by three-wire sealed ignitron recti¬ 
fiers. In general, Mr. Morack stated, 
these rectifiers consist of the following com¬ 
ponents: (a) metal-enclosed, manually or 
automatically operated a.-c. switchgear, 
(b) main power transformer or autotrans¬ 
former, (c) metal-enclosed, water-cooled 
sealed ignitron rectifier and excitation 


equipment and (d) metal-enclosed, manu¬ 
ally or automatically operated d.-c. switch¬ 
gear. Describing their operation in detail, 
Mr. Morack emphasized that these recti¬ 
fiers are particularly designed for supplying 
d.-c. power to industrial three-wire systems 
as well as to metropolitan districts where 
it is uneconomical to rewire large buildings 
for a 208-v., three-phase, 60-cycIe supply 
or to replace d.-c. motors and controls for 
a.-c. operation. The rectifiers, the speaker 
said, require little space, operate quietly 
and their no-load losses are small and their 
efficiency fairly constant and reasonably 
high over the entire load range. In addi¬ 
tion, since they are factory assembled as 
unitd.-c. substations, installation time and 
expense are minimized. 

Power Supply for A.-C. Arc Welding 

The load put on power circuits because 
of the steadily increasing use of a.-c. arc 
welding, and useful data for determining 
the effects of this load on power circuits 
generally, were discussed in “Power Supply 
for A-C Arc Welding,” by R. F. Wyer of 
the Electric Welding Division and A. U. 
Welch of the Power Transformer Engi¬ 
neering Division. Clearly indicating the 
sharp difference between arc welding and 
resistance welding from the standpoint of 
power supply, the authors of the paper em¬ 
phasized that a.-c. arc welders may be 
divided into two general types: industrial 
welders and utility welders. Industrial 
welders are built for primary power circuits 


of 220-, 440- and 550-v. ratings, and step 
down the voltage to approximately 75. 
These welders are designed for high-speed, 
quality welding, quick and easy starting, 
and are capable of being used with long 
welding leads. Utility welders are built 
in low current ratings, usually 200 amp. 
and below, and are characterized by low 
open-circuit voltage, low kilovolt-ampere 
demand, simple construction and reason¬ 
able cost. Welders of this type are de¬ 
signed for use in small repair shops where 
their slow arc starting, slow operation and 
current variation with arc length are not 
tooobjectionable. Themajor portion of the 
paper was devoted to a description of the 
operation of various types of industrial 
welders and the extent to which their in¬ 
dividual operation affects power circuits. 

Analysis of Arc-W«lding Ractiiiers 

The paper, “Analysis of Arc Welding 
Reactors,” by Charles M. Wheeler of the 
Motor Engineering Division, not only 
high lighted the need and the design of re¬ 
actors for d.-c. arc-welding sets, but de¬ 
fined the inductance useful in stabilizing 
welding arcs and suggested methods for 
calculating and measuring this quantity. 
The paper also described a recent develop¬ 
ment in reactor design. Long experience. 
Mr. Wheeler pointed out. established the 
desirability of self-reactance in d.-c. arc¬ 
welding circuits. Although it was origi¬ 
nally common practice to use large welding 
reactors with most arc-welding generators, 



Buy ^^ProTen Fluxes’’ with Yean of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTI-BORAX” 

A»k/or Them Unequalled for Quality 

A Flux foe every metals Cast Iron Welding Flux 
No. 1} Braaing Flax No. 2t Bras^Cast Flux No. 4« 
for broiue«welding east ifon; **ABC'* Aluminum 
Flux No. 8 for ^eet Aluminum and all of 

Aluminum} Stainless Steel Flux No. 9| sUvec 
Solder Braaing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 


ANTI-BORAX COMPOUND COMPANY 

Fort Wayne, Indians 



290 


THE WELDING JOURNAL 


Digitized by 


Google 


MARCH 




The Only Timer an Operator Can Service Himself! 
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DUO-TROL 

WELD-TIMER 

With Heat Control 

TYPE NO. 1841 P 

A COMPLETE SEQUENCE PANEL 


Above: National Duo-Trol from right side, with cover removed. Note accessibility of 
every part, every function. Heat Control rotating commutator is shown attached to 
motor shaft, with opposed brushes, through which the Ignitron tube firing circuit passes. 
The position of brushes establishes the firing point on the sine wave; and is regulated by 
dial knob on front panel. 

• National Duo-Trol Lasts Longer 

• Easy to Keep in Constant Operation 

• Requires Less Maintenance 


Here is the finest Weld-Timer made—built by National to high 
precision standards. It costs more to manufacture than any 
other timer in our line—and it is worth it! This is our Aircraft 
Unit, but it is also used on critical alloys, such as stainless steel, 
for the most important types of war products. If YOU have a 
resistance welding problem, requiring consistent, uniform 
output that must pass Army-Navy qualifying tests, you need 
National Duo-Trol . . . And, after the war, your Duo-Trol 
will be equally serviceable on peacetime products. 



Here is Duo-Trol fully enclosed in 
sheet metal cabinet. Loosen 2-wing 
nuts to remove cover. Knock-outs are 
provided on left, for wire entrance. 
Rig^ht Dial regulates Heat. Left Dial 
varies wcld-time. Squeeze and hold 
intervals follow weld interval auto¬ 
matically. 



Above. An oscillogram of 5-cycIc 
Weld Interval, with Heac-Control dial 
set at 22. Note the effect of Phase 
Shifting, or delayed firing, that has 
reduced the available heat about 50 %. 
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subsequent refinements in generator de¬ 
sign and improved welding electrodes re¬ 
sulted in gradual abandonment of the prac¬ 
tice. The wide application of 3600-rpm. 
welding sets have placed a new emphasis 
on the use of external reactors, and the de¬ 
sign of these reactors merits special atten¬ 
tion since their size and weight must bear 
favorable relationship to that of the rest 
of the equipment. Several methods of 
calculating welding inductance, i.e., the 
rate of change of flux linkages per change 
in current, by graphical means and for 
measuring it from oscillographic tests, 
were suggested by the speaker. The paper 
was concluded with a description of a new 
arc-welding reactor, consisting solely of a 
U-shaped core and a winding, which is 
mounted on the welding generator in such 
a way that the magnet frame completes its 
magnetic circuit. Although the primary 
function of this new reactor is to supply 
inductance, by reason of its integration 
with the generator its transient character¬ 
istics are improved and smaller, lighter 
weight designs are made possible. 

Maasurement of Stray Load Losses in 
Induction Motors 

In the paper “Measurement of Stray 
Load Losses in Induction Motors," D. H. 
Ware of the Induction Motor Engineering 
Division presented test data confirming 
the accuracy of the reverse rotation 
method for the direct measurement of stray 
load loss in polyphase induction motors. 
The efficiency of an induction motor, the 


speaker stated, may be determined with 
reasonable accuracy by several methods. 
One is the so-called input-output method, 
by which the motor is loaded to normal 
load and the electrical input and mechani¬ 
cal shaft output are measured. This 
method, while precise, is difficult to per¬ 
form since large quantities must be meas¬ 
ured to determine a smaller one, and then 
often the necessary power supply and 
loading equipment are not available to 
load large motors fully under conditions 
where accurate measurements may be 
taken. By another method, the segre¬ 
gated loss method, the values of the pri¬ 
mary copper loss, the secondary copper 
loss, the core loss, the friction and windage 
loss and the stray load loss must be meas¬ 
ured and the efiiciency of the motor deter¬ 
mined from the sum of these values. The 
first four of these values can be measured 
easily, accurately and by comparatively 
direct methods. Stray load loss, however, 
is more difficult to measure directly. Mr. 
Ware then proposed a correction for the 
reverse rotation test for measuring stray 
load loss in polyphase induction motors 
and presented in considerable detail the 
test data which confirm the facility and 
accuracy of the reverse rotation method as 
corrected. This correction is particularly 
necessary in those motors rated from 500 
to 1000 hp. and larger. 

Principles of Grid Control for Thyratrons 

A preamble to the study of practical 
circuits for grid control of thyratrons was 
presented in the paper "Principles of Grid 


Control for Thyratrons," by P. H. Chin 
and E. E. Moyer of the Industrial Control 
Engineering Division. Introducing their 
subject with a comprehensive classification 
of thyratron tubes, the authors presented 
an interesting summarization of the phe¬ 
nomena of gaseous conduction in thyra¬ 
trons. Next described were the critical grid 
characteristics of thyratrons and their be¬ 
havior with a.-c. potential on the anode. 
The basic methods of grid control of thyra¬ 
trons—control by d.-c. grid potential, by 
a.-c. potential and by a combination of 
a.-c. and d.-c. grid potentials—were then 
explained in interesting detail. Sharp 
emphasis was placed on the fact that al¬ 
though numerous Circuits for grid contrc^ 
are employed in various types of electronic 
control systems, with rare exceptions, all 
of these circuits are derived from these 
three basic methods. The paper was con¬ 
cluded with a presentation of universal 
grid control curves for combined d.-c. and 
sinusoidal a.-c. grid potentials. 


TOMMY SMITH PBOMOTED 

Promotion of Thomas B. Smith to the 
newly created post of welding engineer in 
U. S. Steel's Federal shipyards at Kearny 
and Port Newark, N. J.. was announced by 
Lynn H. Komdorfl, Resident. 

Mr. Smith will now devote his entire 
time to the advancement of welding pro¬ 
cedures and practices in the two Federal 
Srards. He has pioneered in the applica¬ 
tion of welding to ship construction a 
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Itrcnctfa of this joint is indicated by 
M sectioo where parent metal failed 
■ test which left ^azed joint intact. 


Intricate machined or cast parts are being discarded, more and 
more, to be replaced by built-up structures joined by brazing. This 
is particularly true with the increasing adoption of Phos-Copper 
for brazing copper, brass and bronze. 

With this unusual alloy, tests and actual operations have shown 
brazed joints stronger than the parent metal. . . corrosion re¬ 
sistance equaling the parent metal. .. electrical conductivity 98% 
as great. Its low free-flowing temperature has saved time as well 
as permitted the brazing of lighter Further, thnr are the 

reasons why P hos-Copon in ri'pliv mu iiii and silver-t»se solders. 

.opper brazing may be done in any pf five wajis —by gas, 
incandescent carbon, dipping and electronic heat, and ir^ furnace. 
It is furnished in rod, strip and special shapes. 

For further information on Phos-Copper, ask your Weiinghouse 
representative for book B-3201. Or request iffrom Weslinghouse 
Electric & Manufacturing Company, P.O. Box 868, pktsburgh 
30, Pennsylvania. \ j.gosss 
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Parts similar to these have been made by casting and machining, by forging 
and by upsetting. These parts are produced inexpensively by brazing a collar 
block to a length of standard tubing. 
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Thoraas B. Smith 


Federal for 26 yr. When he was employed 
on Dec. 9,1918, that art was used only for 
mending tools and other odd jobs in the 
maintenance department. 

Entire ships are now sewed together 
with hand and automatic welding arcs, 
thereby reducing maintenance costs and 
increasing the carrying capacity of vessels 
by 30%. That resulted from design 
changes which eliminated angles, brackets, 
gusset plates and other parts that were 
necessary when ships were riveted to¬ 
gether as in the first World War 

Large-scale w'elding of ships at Federal 
was begun with the construction of the 
four Santa liners in 1941 and 1942 for the 
Grace Line. Federal had prepared in 1918 
to experiment in welding for the Emer¬ 
gency Fleet Corp., which was interested in 
the possibilities of an all-weldcd ship. 
The project was cancelled by the gover- 
ment shortly after the end of the first 
World War. 

Special pipe to accommodate high- 
pressure, high-temperature steam for ship 
propulsion was first welded at Federal on 
the passenger ship Dixie, delivered Jan. 
IG, 1928. This pipe carried steam of 620® 
temperature and 350 lb. pressure. Re¬ 
search at Federal played a major role in 
developing the new driving power that has 
proved an advantage to ships of the United 
States Navy in the present war. 

At peak employment in September 
1943 there were 3000 welders in the de¬ 
partment at Kearny of which Mr. Smith 
was the General Foreman, and 1800 in the 
welding department at the Port Newark 
yard, which Mr. Smith established. 

Mr. Smith has served on various gov¬ 
ernmental committees concerned with 
welding and has been a member of the 
American Welding Society since 1922. 
He was chairman in 1944 of the New 
Jersey Section of the Society and is now a 
member of the board of directors of the 
section. It was under his direction that 
welding schools were begun in Elizabeth, 
Bayonne, Newark and Jersey City, for the 
National Defense Program. 

Born in Jersey City, N. J,, on June 10, 
1901, Mr. Smith resides at 30 Headley 
Place, Maplewood, N. J., with his wife, the 
former Miss Gertrude R. Sweeden, of 
Jersey City, their son, Donald, 11 years 


old, and daughter, Ruth, eight years old. 
Another son, Thomas B. Smith, Jr., 18 
years of age, has just completed his train¬ 
ing as a private in the U. S. Marine Corps 
on Paris Island, S. C. 


NEW COMPANY BEING FORMED 
TO MAKE WELDING MACHINES 

Precision Welder and Machine Co. has 
been formed in Cincinnati, Ohio, by two 
widely known men in the resistance weld¬ 
ing field, it was announced. The new 
company will build a complete line of 
spot, projection, seam and flash butt 
welding equipment, officials announced. 

T. Embury Jones, until recently vice- 
president and manager of the Welder Di- 



T. Embury Jones 


vision of Federal Machine and Welder 
Co., Warren, Ohio, is slated to be elected 
president and treasurer of the new com¬ 
pany. E. W. Forkner, formerly chief en¬ 
gineer and production manager of Federal, 
is to be vice-president in charge of opera¬ 
tions. 

This new company was attracted to 
Cincinnati because of the central location 



E. W. Forkner 


for industrial development and because of 
its prominence as the home of precision- 
built machine tools, officials explained. 

It will be located at English and Neave 
Sts. in a brick building having 7500 square 
feet of floor space. 

Resistance welders are widely used in 
vital war programs, such as heavy am¬ 
munition, rockets and aircraft, as welt as 
in peacetime production of refrigerators, 
automobiles, metal furniture and various 
sheet metal products, officials said. 


STEEL CASTINGS 

An unusually attractive and informative 
brochure on the Steel Castings Industry 
and its importance to America has been 
issued by the Steel Founders’ Society of 
America. 920 Midland Building, Cleve¬ 
land. Ohio. Copies available on request 
of that organization. 


NEW SLIDE FILMS FOR TEACHING 
OXYACETYLENE PROCESSES 

All industrial teaching aid in the form 
of a series of how-to-do-it slide films and 
accompanying instruction literature on 
oxyacetylene welding and cutting opera¬ 
tions has recently been completed by The 
Linde Air Products Co., a Unit of Union 
Carbide and Carbon 'Corp. Carefully 
planned to be adaptable to streamlined 
wartime production as well as to the tempo 
of peacetime, to the needs of the beginner 
and the “old timer,” the lessons are pre¬ 
sented as a step-by-step procedure and 
cover the basic techniques of welding and 
cutting. 



This New Method of Teaching Oxy- 
Acetylene Welding and Cutting Tech¬ 
niques Will Do the Job Easier, Better and 
Fas^r 

The shop superintendent, foreman, 
safety supervisor or welding instructor who 
must supervise such instruction will find 
in this program a well-planned course im¬ 
mediately available to his needs. Very 
often such a person, skilled in the proper 
techniques himself, can be helped by 
placing in his hands an effective aid for 
teaching these techniques to others. An 
instructor’s manual with suggestions on 
accepted teaching procedures is provided 
and should prove particularly helpful to 
him. Each slide film comes with three of 

MARCH 


294 


THE WELDING JOURNAL 


Digitized by 


Google 






Automatically end-weld studs! 


Complete fusion between stud and 
metal In second • • • Saves time. 

No drilling holes or hand-vrelding bolts. 
Studs are pointed for accurate loccding. 



Cutaway view of 
stud weld after 
etching with Nital. 
Note complete fusion 
of stud to metal. 



mr- One operator con weld more than 
1000 studs per shift. Completely por¬ 
table. Also available as a production jig. 

Thousands of guns now being used in 
more than 500 shipyards and industrial 
plants. 


NELSON 

ELECTRIC ARC 


STUD WELDERS 


End-welding a stud to metal plate. 


For complete details, catalog and prices write: 

NELSON SPECIALTY 
WELDING EQUIPMENT CORPORATION 

Dept. J, 440 Peralta Avenue, San Leandro, Calif. 

Eastern Representative: Camden Stud Welding Corp. 

Dipt. 122. 1416 South 6th Street. Camden, N.J. 
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these instructor's handbooks, and 25 
student handbooks, which contain a 
written record of the step-by-step pro¬ 
cedures shown in the 61m. The him is a 
succession of pictures, in regular 35-mm. 
motion picture him that can be projected 
on a screen one at a time as still pictures, 
while the instructor comments or answers 
questions. 

Linde slide 61ms and accompanying 
literature are now completed and ready 
for distribution. They may be obtained 
through any office of The Linde Air 
Products Co. at a nominal price. Any 
Linde representative will aid in the selec¬ 
tion of slide dims and the planning and or¬ 
ganization of individual training programs. 


fritsch elected president 

TUBE TURNS 

R. E. Fritsch, Vice-President of Tube 
Turns, Louisville, Ky., since 1929, has been 
elected President, succeeding Walter H. 
Girdler, Sr., who died on January 7th. 
He joined Mr. Girdler when Tube Turns 
was originally organized and he has had a 
major part in the &rm’s rapid growth. 


R. E. Fritsch 

Mr. Fritsch continues as Vice-President 
and a member of the board of directors of 
The Girdler Corp., of which Tube Turns is 
an affiliate. He is a member of the Ameri¬ 
can Society for Metals and the Ameri¬ 
can Welding Society. 

Tube Turns manufactures seamless 
welding dttings and flanges for ships, 
power plants, reflneries and many other 
purposes, and is a large-scale producer of 
aluminum and steel forgings for industry. 


ARC WELDING IN THE DESIGN AND 
FABRICATION OF GEAR CASE FOR 
REdPROCATTNG PUMP* 

Steel castings have been long considered 
as the only practical housing for gear 
cases on large reciprocating pumps such as 
the one discussed in this paper. Castings 

*Prom a paper •ubmitted by T. C. McKinley. 
President, Apex Mach. & Mtg. Co., Tulsa, Okla., 
ia the Industrial Progress Award Program spon¬ 
sored by The James F. Lincoln Arc Welding 
Foundation, Cleveland, Obio. 
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Fig. 1—A Viaw of th« Walded Structure vrith Walded Shaft Houaing and Baaringi 

Installed 


have been frequently redesigned to cut 
down weight and many expensive patterns 
have been made in an attempt to accom¬ 
plish this same thing. 

The particular housing discussed here is 
that designed for a 5-cylinder, 6-in. re¬ 
ciprocating pump of the type used by oil 
pipe-line companies to pump oil. These 
pumps work under varied conditions and 
must be well built and strong enough to 
withstand the abuse to which they are 
subjected. 

Castings finally came to be looked upon 
with some question because of the ever 
present possibility of porousness of cast¬ 
ings, their high cost, and because of con¬ 
siderable difficulty in flame cutting the 
cases. Steel plate fabricated and welded 
appeared to be the answer and solution to 
these many problems. 

It was found that Vt-in. steel plate 
would withstand the stresses of this par¬ 
ticular pump and that 3-in. plate would 
stand the maximum load of the bearings. 


With this information and without the 
aid of expensive patterns, work began to 
fabricate such a gear case. The Vt-in. 
sheet was flame cut and shaped, fitted 
and welded. Rod of American Welding 
Society specifications, E6010, was used 
throughout the welding operations. 

The bearing housing was flame cut and 
welded into position into the formed and 
welded case. Figure 1 shows the case on 
its back with the shaft housing and bear¬ 
ings partially completed and welded. The 
mountings or stands were flame cut and 
then welded and this gives a good idea of 
the problem and solution to the problem on 
gear cases, in that the most difficult part 
of the job is now done. At this point 
every dimension was checked and no dis¬ 
tortion from welding was found. The 
system of first tack welding then com¬ 
pleting with an even weld is responsible 
for the lack of distortion. 

Figure 2 shows the completed gear case. 

The fabrication work took 70 hr.. 


Fig. 2—View of Completed Gear Case Welded to Second Assembly to Form One 

Integral Unit 
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THE FIHI^L COST. 


two general classifications: 

, A product controlled between a passer 

and a duster screen. 

2. A product gi^und through a passe 
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the following reasons. 
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In a glass bomb such as f/iis, Foote produces pure 
Ducf//e Zirconium by deposition. Ductile Zirconium 
is rapidly increasing in use, becoming the seed of many 
new and interesting c/eve/opmenfs. The deposition 
process, improved and perfected by Foote engineers, 
is only one example of Foofe’s forward march in ores, 
minerals, alloys and chemicals. 


//T^sr/rerZ O/vs 


PHIIAD£IPHIA • ASSfSTOS • fXTON, f f N N S y I F A N» A 
Hem« Offtcv) I6ll SUMMIP STHeir, PHILADELPHIA 3, PA. 

Wait Cooit Nipr,: GrifFIn Ch«mi««l Co., Son Fronciico, Co/i7. • fnsl'ih Napr.i Ernti M. Wotlmon, Itd^ lorkfon, Cng. 
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thereby considerable reduction was ef¬ 
fected in the cost to the user. A compari¬ 
son in cost is shown below: 

Comparative Cost 
Welded Cast Pattern 

Item Const. Cost Cost 

Gear case $1375 $1046.25 $500 

Savings. $171.25 

This saving in actual cost, is of course, 
worth while, but there were other points 
of merit which should be considered; for 
example: 

Comparative Weights 

Cast Fabricated 
Item Weight, Lb. Weight, Lb. 

Gear case 2500 1815 

Therefore, a further saving in weight 
of 685 lb. was effected. This resulted in 
further money saving to the user because 
of the lesser amount of freight involved 
in transportation. 

Further, the unit was greater in strength 
and was easier to move making the gears 
more accessible for repair. The welded 
case was not likely to break or fracture in 
handling, hence, increasing the safety 
factor of its use. 

There is one climaxing factor of great 
importance during these times in that 


less steel was used for the whole job mak¬ 
ing more available for our war program. 

The user highly recommends this case 
and plans to use it on future pumps. 


SUSTAINING MEMBERS 

International Haireater Co., Chicafo, 
nL, manufacturers of farm machinery— 
plows and tillage, planting and seeding, 
cultivating, and harvesting machines; 
motor trucks; farm tractors of the Farm- 
all and 4-wheeI types; industrial power 
equipment, including several models of 
crawler-type tractors; refrigeration equip¬ 
ment ; binder twine and steel products for 
domestic and international markets. Cur¬ 
rently producing a wide variety of military 
products, including military tractors and 
motor trucks, shells, aircraft torpedoes, 
gun carriages, fuses, high-speed prime 
movers, etc. 

Isaacson Iron Works, Seattle 14, Wash., 
structural steel, press hammer forgings, 
plate fabrication, custom steel makers, 
tractor equipment and galvanizing. Dur¬ 
ing the past few years Isaacson Iron Works 
has shown special interest in the welding 
of structural steel. Their “know how” 


should be of great benefit again to their 
many customers when the restrictions of 
war are lifted. Their structural shop is 
now jammed with gun sponsons, bulk- 
beads, platforms and miscellaneous ship 
parts for many Pacific coast shipyards. 


Employment 
Service Bulletin 

POSITIONS VACANT 

V-154. Spotweld Engineer wanted by 
Connecticut aircraft company. Mainte¬ 
nance, control or development experience 
with aluminum resistance welding neces¬ 
sary. Must be familiar with all types of 
resistance-welding equipment. Write giv¬ 
ing experience and salary required. 

V-155. Wanted: Electrical engineering 
graduate with experience in electronics, 
preferably in the electronic control of re¬ 
sistance seam welding machines for light 
gage steel sheets. Position will be “for the 
duration.” Salary from $375 to $475 per 
month, plus a living allowing of $7 per day. 


SECTION ACTIVITIES 


BOSTON 

C. J. Burch of The Linde Air Products 
Co. addressed the January 8th meeting on 
a “Xew Oxyacetylene Welding Develop¬ 
ment.” 

OnFebruary 12, Harold N. Ewertz, Past- 
Chairman of the Boston Section and Phila¬ 
delphia District Manager of American 
Machine & Metals, Inc., spoke on "Weld¬ 
ing of Stainless Steel." R. J. Pass, Sales 
Director of Tempil Corp., discussed "Tem- 
pil Products and Their Applications.” 

BRUNSWICK 

The January meeting was held on the 
18th at the Hotel Oglethorpe. G. E. 
fihns on a.-c. and d.-c. wdding were shown, 
.^n interesting discussion followed. 

CHATTANOOGA 

The regular monthly meeting of this 
Section was held on Friday, January 12th, 
in the auditorium of the Electric Power 
Board. William C. Cuntz of the Metal & 
Thermit Corp., Pittsburgh, spoke on 
“Thermit Welding in Theory and Prac¬ 
tice.” Mr. Cuntz also showed colored 
sound movies on the subject. 

CHICAGO 

The January meeting of the Chicago 


Section was held on January 19th. The 
guest speaker of the evening was John H. 
Gallaher, Haynes Stellite Corp., Chicago, 
Ill. 

Mr. Gallaher spoke on “Welding Hastel- 
loy Alloys.” In a prepared paper Mr. 
Gallaher described many applications of 
Hastelloy in present-day. refinery equip¬ 
ment. He pointed out that in some of the 
pressure vessels now being built to with¬ 
stand corrosion by the use of Ha.stelloy 
linings as much as two miles of welding 
were involved in the course of construc¬ 
tion. Some of these applications were il¬ 
lustrated by slides. All in all, it was -an 
interesting and enlightening meeting. 

Preceding the speaker, a movie, "Rail¬ 
roadin’,” was shown through the courtesy 
of American Locomotive Co. and General 
Electric Co. 

CLEVELAND 

H. W. Lawson, one of the foremost 
authorities on welded buildings and 
bridges, spoke before the January 10th 
meeting. Mr. Lawson is Structural Engi¬ 
neer for the Bethlehem Steel Co. Esther 
MuUin, director of women’s activities of 
radio station WGAR and instructor of 
drama at Western Reserve University, 
gave the coffee talk. 

A thorough analysis of America’s foreign 
policy and diplomatic relations was given 
by (^rge C. A. Hantelman, Secretary- 


Manager of the Cleveland Engineering 
Society at the meeting on February 14th. 
Mr. Hantelman, a noted lecturer, author 
and editor, spoke from first-hand know¬ 
ledge of Europe and its conditions. Edu¬ 
cated at the University of Leipzig and the 
Sorbonne in Paris, he also attended Wit¬ 
tenberg College and Vanderbilt Univer¬ 
sity in this country. His world travels 
have made him many contacts which aid 
him in his analysis of world affairs. 

Jeff Carlin, colorful figure in sports and 
head basketball coach at Case School of 
Applied Science and assistant football 
coach, 4-letter man de-luxe at Washington 
and Jefferson University when he attended 
college, spoke at the dinner. 

COLUMBUS 

TThe regular monthly meeting of the 
Columbus Section was held on January 
12th at Battelle Memorial Institute. 
Dean C. E. MacQuigg of Ohio State Uni¬ 
versity spoke on “Pressure Welding.” 

The February meeting, held on the 9th 
at the Southern Hotel, was addressed by 
R. E. Long, Chief Engineer, National 
Cylinder Gas Co., HoUup Corp., who spoke 
on "Why Different Types of Electrode 
Coatings?” 

DETROIT 

Problems in welding copper and copper 
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alloys were outlined before the Detroit 
Section at its February 6th meeting by J J. 
Vreeland, Metallurgical Engineer of. the 
Chase Brass & Copper Co. Criteria for 
production methods of welding, he said, 
included cost, weather-use conditions in¬ 
cluding expo^^e to corrosion, thermal 
and electrical conductivity requirements 
and production speed. Cleanliness was 
said to be especially unportaot in welding 
of copper and brass, and adequate jigging 
is also a major factor. 

Mr. Vreeland's paper covered various 
methods of welding, including oxyacety- 
lene, electric arc, carbon arc and resistance 
welding. In each case he described good 
and bad practices, and made a wide variety 
of recommendations as to types of rod 
and other factors involved. 

FUNT 

The Flint Division of the Detroit Sec¬ 
tion heard a discussion on repair of auto¬ 
motive castings by welding, presented by 
Fred J. Walls, Research Metallurgist of 
the International Nickel Co. Mr. Walls 
described recommended practices and lat¬ 
est developments in repair art, as recom¬ 
mended by private industry and by ord¬ 
nance. 

INDIANA 

The January meeting was held on the 
26th at the Riley Hotel, Indianapolis. 
T. B. Jefferson, Editor, The Welding Engi¬ 
neer, spoke on "Welding in the Postwar 
World." 

KANSAS CITY 

G. N. Sieger, President of SMS Cor¬ 
poration, Detroit, addressed the January 
23rd meeting, on "Resistance Welding." 
He covered briefly the fundamentals in¬ 
volved, stressing the three salient factors 
of time, pressure and current. The selec¬ 
tion of tips, methods of cooling and clean¬ 
ing of material were also discussed. A 
film prepared for the Navy, showing weld¬ 
ing processes used in aircraft production, 
was shown. 

J. W. Kenefic of the Air Reduction Seles 
Co. will address the March 20th meeting 
on "Railroad Welding." Dinner at 6:30 
P.M. in the Pine Room, Fred Harveys, 
Union Station. 


LEHIGH VALLEY 

The regular monthly meeting of the 
Lehigh Valley Section was held on Mon¬ 
day, February 5th, at the Hotel Bethle¬ 
hem, Bethlehem, Pa. 

The guest speaker of the evening was 
William Spraragen. In the talk following 
the dinner, Mr. Spraragen sketched the 
organization history of the Welding Re¬ 
search Council and the Ahbrican Wbld- 
ING SociBTV. He paid special tribute to 
the welding research work which has been 
done at Lehigh University. 

Mr. Spraragen also participated as a 
member of the Panel Discussion. The 
other panel members who are also mem¬ 
bers of the Lehigh Valley Section were 
Warren Taylor, H. W. Lawson, R. E. 
Sommers, E. W. David, P. H. Barron and 
J. W. Kenworthy. The moderator for the 
discussion was H. O. Hill. Mr. Hill 
opened the discussion by citing much of 
the printed matter on codes, specifications 
and practices which the A.W.S. publishes. 
Questions, which were presented from the 
floor, concerned qualification of welders, 
structural details, welding metallurgy, X- 
ray inspection, acetylene welding and re¬ 
sistance welding. . 

Chairman Kenworthy concluded the 
meeting with the showing of a United 
States Navy sound film on Resistance 
Welding. 

LOS ANGELES 

The January dinner meeting of the Los 
Angeles Section was held on January 18th, 
at Scully’s Restaurant with 150 attend¬ 
ing. First speaker to be introduced was 
A. R. Wynn, Welding Engineer, U. S. 
Naval Dry Dock, Long Beach, Calif. 
"Making Up Your Mind” was the title of 
his coffee talk. Our extreme need for 
making decisions was stressed and high¬ 
lighted. 

Second and principal speaker was J. P. 
Weed, General Foreman, North American 
Aviation, Inc., Los Angeles, Calif. "Pro¬ 
duction Brazing" was the topic of his pre¬ 
sentation which described methods em¬ 
ployed and results obtained by the use of 
silver brazing. This method for fabrica¬ 
tion of precision parts multiplied produc¬ 
tion output of parts for the famous 
"Mustang Fighter" without increasing 
personnel. Dip, torch, furnace and induc¬ 


tion methods of brazing were discussed 
describing particular applications of each. 
Color photo slides were projected realisti¬ 
cally showing equipment and jig setups. 
Sectioned parts were presented for inspec¬ 
tion by the group. 

Concluding feature on the program was 
showing of the film "Oil for War," an ex¬ 
ceptional portrayal of welded pipe-line 
consti uction. 

LOUISVILLE 

A. C. Weigel, President A.W.S., was our 
guest on the evening of Tuesday, February 
27, 1945. 

Our Januaiy 22, 1945, Dinner Meeting 
went over with a "big-bang!” It turned 
out to be a real Kentuckiana Home Folks 
Gathering of 175 members and guests with 
"featured” Kentuckiana speakers, welding . 
displays and exhibits and good cuisine 
eaten to the melodic strains of splendid 
dinner music. A news flash came out 
that our genial master of ceremonies, R. E. 
Fritsch, had been promoted to the presi¬ 
dency of Tube Turns, Inc., and at the psy¬ 
chological moment the assemblage broke 
out in song to the tune of "Happy Birth¬ 
day.” substituting Happy Promotion 
Dear Rudy—Happy Promotion to You.” 

Our Kentuckiana speakers were intro- ■ 
duced by Mr. Fritsch in order named and 
their subjects: (1) K. P. Vinsel, Execu¬ 
tive Director, Louisville Area Develop¬ 
ment Association, presenting "Louisville 
Plans for the Future.” We know now 
that Louisville is "going places industri¬ 
ally” in a big way. (2) G. C. Williams, 
Associate Professor, Chemical Engineer, 
University of Louisville. He emphasized 
that "welding is an important tool in the 
metal industry and the welder an important 
cog who must cooperate." (3) H. C. 
Powers, General Supervisor of Welding, 
American Air Filter Co., presented "Oxy- 
acetylene Welding of Light-gage Metals to 
Reduce Distortion by the Use of the 
Chilling Bar Method." An appropriate 
welding display was used to back up his 
thesis. 

In summation: We are improving in at¬ 
tendance, good fellowship, crowd mixing 
and our M. C. hit the "jack-pot” in using 
the "Wisdom of Solomon, the patience of 
Job and the diplomacy of an English 
diplomat" in doing an unusually good job. 



Meeting, Louisville Section 
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MEROKEE DAM DATE is one of three identtcel 1 » 5,000 
pound giants that were 95% welded hv Mnrex 
electrooM for the T.V^ Welds were H" end ^ 
were peened to relieve undue stresses set up by 
heating, with some sections pre>heated to prevent 
warping. Gate members were clamped together 
on a large surface plate during welding operations. 




LOADMfi MACHMERV, used in coal mining, manufacttired by the Jeffrey 
Manufacturing Company, is subjected to severe vibrations and stresses. 
Frames are all welded from specially shaped plates, bars or tubes. Murex 
electrodes are used, most welds being fillet welds—either single or 
multipass, continuous or intermittent. 


PROVMD CROUND for testing Murex electrodes comes 
ro the production line o^e M ft T plant. GrouM 
of electrodes are taken at random and thoroogmy 
tested by welders for rod performance, soundness 
of weld metal, arc and slag action, and other chaiv 
acteristics. Just another reason for the superiority 
of Murex electrodes and their assured uniformi^. 


MUREX] 


ARC WELDING ELECTRODES 



120 Broadway, Now York 5, N. Y. 
ALBANY . CHICAGO . PITTSBURGH 
SOUTH SAN FRANCISCO . TORONTO 


RIPPERS, special heavy-duty construction implements manufactured in 
quantity by the Southwest Welding ft Manufacturing Company for the 
armed forces, require approximately 325 feet of welding per unit, 
principally automatic. Each unit consists of three main assemblies—main 
Utune, wheel frame and wheels. Murex Type F electrodes are specified 
for the welding because of their excellent physical properties, good pene* 
crntion, high ductility and soundness of weld metal, which must with* 
stsuid the severe daily stresses which are imposed upon this equipment. 



Sp»tialUtt in welding for ntarly 
forty y*ari. Manufaclurort of 
Mvr«x fl*cfrad*r for are wolding, 
and of Thermit for repoir and fob- 
ritalion of heavy parh. 


Dir.-tT-r- 
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Theodore H. Lewis, Louisville Section 
Chairman, presented a Certificate of Ap¬ 
preciation (appropriately framed for wall 
decoration), to Messrs. Fritsch, Vinsel, 
Williams and Powers, thereby ending a 
perfect evening and a happy landing. 

MARYLAND 

The January meeting, held on the 19tb 
at the Engineers’ Club, was addressed by 
LaMotte Grover, Welding Engineer, Air 
Reduction Sales Co., who spoke on “Weld¬ 
ing in Shipbuilding.’’ 

MILWAUKEE 

The January meeting was held on the 
26th at the Ambassador Hotel. An after- 
dinner talk on “China Today” was given 
by Y. W. Chu, Electrical Engineer for the 
Chinese Government. A welding address 
on “Welding as Applied to Pipe Fabrica¬ 
tion” was given by* F. C. Fantz, Vice- 
President, Midwest Piping and Supply 
Co., St. Louis, Mo. 

NEW JERSEY 

The regular monthly meeting was held 
on January 16th at the Essex House, New¬ 
ark. “Information Please” session, with 
B. Wright of the Curtiss-Wright Corp., 
Propeller Division, acting as chairman, 
was held for a half hour before the regular 
meeting. A film, “A.-C. Welding,” was 
shown through the courtesy of the General 
Electric Co. J. H. Cooper, Chief Sal^ 
Engineer of Taylor-Winfield Corp., War¬ 
ren, Ohio, spoke on the subject “Applica¬ 
tions of Resistance Welding to Wartime 
Products.” 

The February meeting held on the 20th 
was also held at the Essex House. “In¬ 
formation Please” session, with A. Kune 
of the Federal Shipbuilding and Dry Dock 
Co. as chairman. A film, “Making Stain¬ 
less Steel,” was shown through the cour¬ 
tesy of Allegheny Ludlum Steel Corp. 
H. N. Ewertz, District Sales Manager for 
American Machine and Metals, Inc., 
talked on “Welding Stainless Steel.” 

NORTHERN NEW YORK 

December 14th was “Ladies Night” for 
the local Section with refreshments and 
dancing. Four moving pictures were 
shown: “Birth of the B-29,” “Weapons 
of War,” “December 7th,” “Behind Nazi 
Lines.” Although it was an icy night, 02 
were present. 

H, R. Sennstrom of the American Loco¬ 
motive Co. addressed the January 25th 
meeting on “Experimental Stress Analysis 
Applied to Welding.” 

NORTHWEST 

The February meeting held on the 7 th 
in the Men’s Lounge, Coffman Memorial 
Union, U. of M., was addressed by Mario 
Sciaky of Sciaky Bros., Chicago, who spoke 
on “Electric Resistance Welding.” 

OKLAHOMA CITY 

The regular monthly meeting was held 
on January 25th at the Paul Borden Capi- 
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.tol Hill Cafe. G. N. Sieger, S.M.S. Corp., 
Detroit, was the guest speaker. Mr. 
Sieger gave an excellent illustrated talk on 
resistance welding, in such a way as to 
make it understood by all. Mr. Sieger’s 
talk was accompanied byslidesand followed 
by a motion picture, entitled “Aircraft Pro¬ 
duction Processes.” 

The meeting was followed by a Smoker 
for members and guests. 


PEORIA 

The annual joint meeting of the Peoria 
Chapters of the Auerican Welding 
Society and the American Society for 
Metals was held Monday, Jan. 8, 1945, in 
the Jefferson Room of the Jefferson Hotel. 
This meeting was a dinner meeting and 
was attended by 200 members and guests. 

Technical chairman for the evening was 
Elmei Isgren, Plant Manager, of R. G. 
LeToumeau, Inc., who introduced the 
speaker for the evening, T. B. Jefferson, 
editor of The Welding Engineer. The sub¬ 
ject for the evening, chosen by Mr. Jef¬ 
ferson, was “Welding in the Postwar 
Period,” which he covered very thor¬ 
oughly. He outlined some of the problems 
that will face welding in the postwar era 
and discussed the likely available mate¬ 
rials of welding in the various Dostwar in¬ 
dustries. 

After Mr. Jefferson’s speech, the meet¬ 
ing was opened for questions; and from 
the number of questions that were asked 
and the excellent answers that were re¬ 
ceived, the meeting was a great success. 


PHILADELPHIA 

A joint meeting of the local sections of 
the American Welding Society and the 
Society of Naval Architects and Marine 
Engineers was held at. the Philadelphia 
Electric Co. Auditorium on January 15lh. 
Leon C. Bibber, Welding Engineer for the 
Carnegie Illinois Steel Corp., presented an 
interesting address on “Ship Building.” 


PITTSBURGH 

Nearly one hundred interested members 
and guests were present to hear a most 
entertaining discussion on “The Place of 
Magnetic Particle Inspection in the Weld¬ 
ing Field” by C. E. Betz, Vice-President, 
Magnaflux Corp. of New York, in the Mel¬ 
lon Institute of Industrial Research Audi¬ 
torium on January 17th. 

The wide use of welding in the fabrica¬ 
tion of highly stressed structures has made 
it imperative that sensitive nondestructive 
tests be employed to verify the integrity 
of critical welds. Mr. Betz described fully 
the magnetic particle inspection method 
used in this field. He also reviewed the 
development of this method in the weld¬ 
ing field, describing the techniques at pres¬ 
ent in use, and indicating the trend for 
future applications. V’arious procedures 
for weld inspection were discussed and 
compared. 

Following the meeting a quite lengthy 
discussion brought out many interesting 
facts on the subject. Due to illness. 
Chairman Chas. H. Jennings was unable 
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to be present and the meeting was ably 
conducted by G. O. Hoglund, V^icc- 
Chairman. 

PUGET SOUND 

The January meeting was held on Janu¬ 
ary 31st at the Gowman Hotel, Seattle. 
A question box discussion was held pre¬ 
ceding the dinner at which Joe Holt ol 
Webster Brinkley Co. answered questions 
on the sequence for welding patches, the 
necessary preheat for welding alloys and 
the welding of aluminum to copper. 

After the 7 o’clock dinner, WUlian' 
Snyder of the Webster Welding Co. spoke 
on “Helium Welding of Magnesium and 
Stainless Steel.” Mr. Snyder was for¬ 
merly with the Northrup Aircraft Co. where 
he was attached to their experimental de¬ 
partment at the time they were building 
experimental planes of magnesium for the 
U. S. Army Air Forces. 

Mr. Snyder traced the manufacturhi), 
of magnesium from its source down to its 
commercial forms of sheets, plates, bars 
and castings, describing the welding pro. 
esses necessary to insure sound welds. 
He advocated welding witliout the addi¬ 
tion of welding rod using a tungsten elec¬ 
trode with a spray of helium gas passing 
around the rod and over the molten metal. 
In order to minimize distortion, he sug¬ 
gested turning a slight flange on edges to 
be welded so that this fused metal would 
flow into the gap and offset the contraction 
caused by the heat applied. 

After the completion of Mr. Snydei’., 
speech, a technicolor and sound picture 
was shown on Ross Dam, the source of 
Seattle City Electrical Power. 

ROCHESTER 

The February meeting of the Rochester 
Section was held at Lower Strong Audi¬ 
torium, University of Rochester, Feb. 1st. 

George F. Wolfe, Dravo Corp., gave a 
talk on “Production Line Assembly Meth¬ 
ods as Applied to Ship Construction. His 
interesting lecture, supplemented by pic¬ 
tures, gave his audience a good idea of 
what it means to build ships on a pro¬ 
duction basis. 

His description of how large sections of 
these vessels are handled and turned, so 
that down-hand w'elding may be employed, 
was especially significant. We realize, 
after listening to this talk and seeing pic¬ 
tures of actual construction, why it has 
been possible to build a world Navy and 
Merchant Marine in such a short space of 
time. 

Old man Winter again visited the East¬ 
ern Section of the country with another 
blizzard on the day before and attendance 
was again small. In fact Mr. Wolfe's 
train was almost snowed under. He de¬ 
serves a lot of credit for keeping his ap¬ 
pointment. 

The January Bowling Party was a graud 
success. The “eats” were exceptionally 
good and plentiful. The thanks of all who 
attended, numbering about sixty, are ex¬ 
tended to the committee on arrangements 
and to the management of the hall. 

The April assembly will be addressed by 
James F. Lincoln of the Lincoln Electric 

MARCH 


Digitized by 


Google 




Working Combinations of 

AO Welders’ Sal 



Free from worry about bums and accidents, 
welders can step right into the line of fire with 
confidence in the wotection given by their AO 
Safety Clothing. They can tackle the toughest 
welding jobs — turn out more work and better 
work. This means increased production, im¬ 
proved quality and lower production costs. 

AO Overalls No. 207-CL 

Made from high quality chrome tanned cow¬ 
hide; provide excellent protection for legs, 
stomach, and chest. Shaped to fit comfortably 
and give unusually long service. Trouser legs 
24 " wide at bottom, making them easy to put on 
and take off over heavy work shoes. Ample 
roominess in the crotch enables the operator to 
stoop over or handle floor-level jobs comfortably. 



AO No. 340-4 Welding Helmet 

Provides maximum protection, flexibility, com¬ 
fort. 

AO No. 3080 Welders* Goggles 

Equipped with Calobar lenses. Protects against 
■‘flashed eyes” and impact from flying objects. 


AO No. TX-lOO Welders* Gloves 

Gunn cut of special chrome-tanned cowhide. 
Forefinger and thumb reinforced with added layer 
of horsehide. One-piece back lined with 6 or. 
fleece lining which prevents chafing, insulates 
against heat. 


American 



Optical 


COMPANY 

SOUTHBRIDGE, MASSACHUSETTS 
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Co.. Cleveland, Ohio. A joint meeting 
with the A.S.M. is being arranged for this 
date. 

SAINT LOUIS 

The St. Louis Section held its regular 
monthly meeting January 12th at the 
Engineers’ Club, and the speaker of the 
evening was James B. Quigley of the 
Graver Tank & Mfg. Co. Mr. Quigley 
spoke on the subject of "Automatic Weld¬ 
ing" and bis treatment of the subject was 
essentially the same as that which was held 
at the Metal Congress in Cleveland last 
October. The discussion period that fol¬ 
lowed, however, was quite varied, and par¬ 
ticular interest was shown in joint prepa¬ 
ration for automatic welding, the effects 
of varymg arc voltage and the characteris¬ 
tics of the welds which are normally pro¬ 
duced automatically. 

Slides were shown in illustrating his talk 
which covered three forms of automatic 
welding which Graver regularly does in 
their plant, and they number three— 
namely, shielded metallic arc, shielded and 
unshielded carbon arc, and submerged 
melt. 

Attendance was in the neighborhood of 
150 members and guests, and the response 
which we experienced at this meeting 
prompts us to recommend Mr. Quigley to 
other sections for their regular meetings, 
as we feel that he did an excellent job for 
St. Louis. 

SAN FRANCISCO 

The regular monthly meeting held on 
January 22nd at the Engineers’ Club was 
addressed by G. A. Hughes, Senior Weld¬ 
ing Engineer, U. S. Naval Dry Docks. 
Mr. Hughes spoke on the subject "Impor¬ 
tant Considerations in Welding Heavy 
Sections.” A motion picture, "Behind 
Nazi Guns,” was shown through the cour¬ 
tesy of the U. S. Navy. Lieut. Com¬ 
mander S. V. Kemper, Jr., U.S.N.R., 
Material Superintendent, U. S. Naval 
Dry Docks, was the Technical Chairman. 

SYRACUSE 

O. T. Barnett, Metal & Thermit Corp., 
was the guest speaker at the January 11th 
meeting held at the Syracuse Museum of 


Fine Arts. Mr. Barnett spoke on "Tak¬ 
ing Inventory of Welding Costs.” Techni- 
cal chairman for this meeting was A. M. D. 
Cassel, Smith & Caffrey. 

R. T. Gillette of the General Electric Co. 
addressed the February $th meeting on 
"Resistance Welding.” Technical chair¬ 
man. R. J. Greer, Carrier Corp. 

WESTERN MASSACHUSmS 

The December meeting was held on the 
18th. Mr. Carl W’. Schaub, Engineer 
with the Arcos Corp., explained the metal¬ 
lurgical qualities of the various types of 
stainless steel and explained the effects 
on these steels when welded. Slides were 
shown to illustrate methods of welding 
stainless steel and to demonstrate applica¬ 
tions of welded stainless steel. A very 
interesting question and answer period 
followed. 

A General Electric two-reel color film 
was shown on A.-C. Welding. 

WESTERN MICHIGAN 

Mr. Harris A. Goodwin, Mid-Western 
District Manager of The Bastian-Blessing 
Co., guest speaker at the January 29th 
meeting, spoke on “Safety in Gas Welding 
and Cutting.” A colored movie on "Manu¬ 
facture of Carbide” was also shown. 
There were over a hundred present, 
twenty-five of whom took part in the dis¬ 
cussion. 

WESTERN NEW YORK 

At a dinner meeting held on January 
26th at the Forty & Eight Club. J. J. 
Vreeland of the Chase Brass & Copper Co. 
spoke on "Welding of Copper and Copper 
Alloys.” There was an excellent turnout 
for an excellent speaker in very poor 
weather. 

WICHITA 

The January meeting was held in the 
ballroom of the Allis Hotel on Jan. 24, 
1945. The Dinner Meeting began at 
6:30 P.M. with 122 present for the din¬ 
ner—a new record high. 

The speaker for the evening was G. N. 
Sieger of the SMS Corn.. Detroit, Mich. 
His subject was "Flash Welding Procedure 
and Applications.” Mr. Sieger presented 


the basic fundamentals of resistance and 
flash welding and also went into details on 
the use of these processes in actual produc¬ 
tion. In addition to bis talk he also pre¬ 
sented the Walt Disney sound film en¬ 
titled "Aircraft Production Processes— 
Welding.” This film gave many good 
illustrations on the applications of resist¬ 
ance welding. 

The above entertainment was also sup¬ 
plemented by a film on the use of goggles 
and safety equipment presented by Ameri¬ 
can Optical Co. 

YORK-CENTRAL PENNSYLVANIA 

Forrest Waldo of the Air Reduction 
Sales Co. was the prmcipal speaker at the 
mid-winter meeting of the York-Central 
Pennsylvania Section held on January 
10th. His topic was "Innovation in Flame 
Cutting.” 

Despite the inclement weather a large 
ntunber of members and friends were in 
attendance. They were amply repaid 
with a well-prepmed and ably delivered 
talk on novel applications of the art of 
flame cutting in all its phases. The talk 
was interesting and instructive to a marked 
degree. Mr. Waldo answered the many 
questions concerning his subject in a very 
capable manner. Undoubtedly those in 
attendance profited greatly by this meet¬ 
ing. 

G. Theisinger, of the Lukens Steel Co., 
who is chairman of the program commit¬ 
tee, is to be congratulated on the con¬ 
tinued high caliber of the program for this 
year in the York-Central Section. 

Chairman C. E. Lewis Kerchner an¬ 
nounced that enrollment of new members 
is continuing at a high rate. He also an¬ 
nounced that plans for the annual dinner 
meeting to be held in April are well de¬ 
veloped and that reservations will be ac¬ 
cepted after February 1. 

YOUNGSTOWN 

A. M. Setapen of Handy & Harman ad¬ 
dressed the December meeting in an illus¬ 
trated talk on "Silver Brazing,” which was 
well received. 

District Vice-President J. F. Maine was 
guest. Mr. Maine will also attend the 
March meeting at which George Sieger of 
SMS Corp. will be the speaker. 


1945 A. W. S. DIRECTORY 

In order to conserve paper the new 1945 A. W. S. Membership Directory, now avail¬ 
able, will be only sent to those requesting a copy. There is no charge to members of the 
Society. Address request to: 

AMERICAN WELDING SOCIETY 
33 West 39th St. 

NEW YORK 18, N. Y. 
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ONE SOURCE FOR MORE THAN 



different 
and sizes 



Installing a piping system can mean time-consum¬ 
ing scouting and the fuss and bother of split-buying 
unless you go direct to the source for the most com¬ 
plete line of welding fittings and flanges—the Tube- 
Turn distributor. There is one in your locality. 

His line ofTube-Turn welding fittings and flanges 
consists oimore than 4000 di^erent kinds and sizes— bM 
of which are produced as a standard part of the line! 
He carries a comprehensive stock of these Tube- 
Turn items, and in most cases he will have exaaly 
what you need for immediate delivery. 

But the Tube-Turn distributor is 


more than a merchant. He is a pipe and Httings 
specialist who can give you a lot of bona fide, trou¬ 
ble-shooting engineering assistance. And—through 
the company’s many branch offices and the famous 
Tube-Turn laboratory in Louisville the Tube-Turn 
distributor is backed for service by the nation’s fin¬ 
est group of welding fitting engineers. They are the 
men who originated seamless welding fittings, and 
therefore have the most years of accumulated ex¬ 
perience on tap for you. 

Remember, Tube-Turn seamless welding fittings 
were the first. They are still the best. 





THE COMPLETE LtNE OF WELDING FITTINGS AND FLANGES 


Selected Tube Turns Distributors in every principal city ore reody 
to serve you from complete stocks. 

TUBE TURNS (Inc.),Dept. WJ-S, LOUISVILLE l.KENTUCKY.Brancfa 
Offices: New York, Chicago, Philadelphia, Pinsburgh, Cleveland, 
Dayton, Washington, D. C., Houston, San Francisco, Seattle, Los Angeles. 
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List of New Members 


BOSTON 

Lo Piano, Angelo, Joseph (C). S8 Lawrence 
St., Lawrence, Mass. 


BRTOGEPORT 

Christie, John L. (B). Handy & Harman, 
Bridgeport 9. Conn. 

Pease, James K. (C). 51 Grove St., 
Shelton, Conn. 


CANADA 

Pullin, Alex (B), The British Corp., 
Register of Shipping, 84 Notre Dame 
W., Montreal, P. Q., Canada. 

Scott, W. D. (C), c/o Can. & Gen. Finance 
Co., Ltd., 25 King St. W., Toronto 1, 
Canada. 

Standing, R. O., (B), Hydro-Electric 
Power, The Library, Comm, of Ont., 620 
University Ave., Toronto 2, Canada. 

Waite, Mattiiew J. (B), 201 WiUingdon 
Ave., Kingeton, Ont., Canada. 


CHATTANOOGA 

Green, George G. (C), 1329 Chestnut St., 
Chattanooga 2, Tenn. 

Stuff, Paul H. (B), c/o Ross-Meehan 
Foundries, 1601 C^ter St., Chattanooga 
1, Tenn. 


CHICAGO 

Barton, Cecil M. (B), McKinney Steel & 
^les Co., 8 Madison St., Waukegan, 
III. 

Dempsey, Edw. J. (C), Electro-Motive 
Div., of General Motors Corp., La 
Grange, Ill. 

Evans, M. C. (A), International Harvester 
Co., 180 N. Michigan Ave., Chicago, 
Ill. 

Keleher, Wm. H. (B), Merchants Des¬ 
patch Trans. Corp. & Northern Re¬ 
frigerator Line, Inc., 600 S. Michigan 
Ave., Chicago 5, Ill. 

Kroupa, John F. (C), 2525 Home Ave., 
Berwyn, Ill. 

Lilleqvist, G. A. (B), American Steel 
Foundries, Research Laboratory, East 
Chicago, Ind. 

Rexroth, E. A. (C), 1617 S. 59th Ave., 
Cicero 50, Ill. 

Silver, I. R. (B), Chicago Welding Sales 
Co., 3349 Ogden Ave., Chicago, Ill. 

Spudic, John, Pvt (B), A.P.O. 72, c/o 
P.M., San Francisco, Calif. 

Stem, Jack (C), 2114*/* N. Kedzie Ave., 
Chicago, Ill. 

Vitha, George J. (C), 1524 East Ave., 
Berwyn, III. 

Wengler, James E. (B), 16 E. 120 St., 
Chicago, Ill. 


CINCINNATI 

Ebel, Ronald A. (C), J. J. Dupps Co., 
408 American Bldg., Cincinnati 2, Ohio. 
Hafer, Ralph (C), 2128 Winton St., 
Middletown, Ohio. 


Janueury 1 to January 31, 1945 


Hines, Albert E. (B), R. R. 1. Cozaddale, 
Ohio. 

Kelley, G. H. (C), c/o J. J. Dupps Co., 
Ecbardt Rd., Germantown, Ohio. 
Moorhead, Russel (C), 1065 Azel Ave., 
Hamilton, Ohio. 

Murray, Howard E. (B), Columbia Mach. 

& Engineering Co., Hamilton, Ohio. 
Smith, G. W. (B), G. W. Smith & Sons, 
116 S. Sperling Ave., Dayton 3, Ohio. 


CLEVELAND 

% 

Currens, C. C. (B), Fidelity & Casualty 
Co., 1230 B. F. Keith Bldg.. Cleveland 
15, Ohio. 

Irrgang, William (B), 1696 Sheridan Rd., 
South Euclid, Ohio. 

MacCleery, Albert M. (C), American 
Bureau of Shipping, 6^ Rockefeller 
Bldg., Cleveland, Ohio. 

Marty, A. H., Jr. (B), A. H. Marty Co., 
6900 Union Ave., Cleveland 5, Ohio. 

Mooney, John L. (B), The Mooney Iron 
Wks. Co.. 3319 E. 80th St., Cleveland, 
Ohio. 

Pertz, Louis, Jr. (C). 4400 Ingleside Rd., 
Warrensville Hts., Ohio. 

Petley, Henry (C), Firestone Tire & 
Rubber Co., 977 Whittier Ave., Akron, 
Ohio. 

Rooker, Earle J. (B), Square D Co., 
721 Hanna Bldg., Cleveland 15, Ohio. 

White, Herbert E. (C), 3133 Fairfax Rd., 
Cleveland Hts. 18. Ohio. 

Wortman, William G. (C), R. D. 2, 
Willoughby, Ohio. 

York, Albert B. (B). 2679 E. 100 St., 
Cleveland 4, Ohio. 


COLUMBUS 

Black, Norman C. (B), R. R. 5, Lima, 
Ohio. 


DETROIT 

Arakelian, William Russell (C), 19630 
Conley Ave., Detroit 12, Mich. 

Brantner, Jack (C), 8275 Whitcomb, De¬ 
troit 27, Mich. 

Demski, (^orge S. (C), c/o Tube Fabri¬ 
cators, Inc., Pinconning, Mich. 

Duer, Paul L. (C), 453 West Liberty, 
Hubbard, Ohio. 

Farris, Jack L. (C), Saginaw Welding 
Supply Co., 816 E. Genesee St., Sagi¬ 
naw, Mich. 

Gable, Joseph A. (C), 13537 Kentucky, 
Detroit 4, Mich. 

Heiden, Ray W., Jr. (C), 13351 Wilfred, 
Detroit, Mich. 

Kaso, Nick A. (C), 69 Woodward Hts. 
Blvd., Ferndale20, Mich. 

Kltterman, Paul (C), 1935 Dorothea, 
Berkley, Mich. 

Lindeman, W illiam H. (C), 5918 Haver¬ 
hill, Detroit 24, Mich. 

MacKinnon, James S. (C), 3310 Lothrop, 
Detroit 6, Mich. 

Muir, Emery R. (C). 24551 Telegraph 
Rd., Flat Rock, Mich. 

Patterson, Chas. F. (C), 8032 Kentucky. 
Detroit 4, Mich. 


Rose, Harry S. (B), Progressive Welder 
Co., 3050 E. Chiter Drive, Detroit 12, 
Mich. 

Swanson, Kennedi P. (B), Progressive 
Welder Co., 3050 E. Outer Drive, De¬ 
troit, Mich. 

Von Deventer, R- E. (B), Packard Motor 
Car Co., 1580 E. Grand Blvd., De¬ 
troit 32. Mich. 


HARTFORD 

Danipman, Robert J. (B), 195 Collins St, 
Hartford, Conn. 

Detweiler, Thos. H. (B), 310 Main St., 
Rocky Hill, Conn. 

Henderson, Wtyne G. (B), The Travelers 
Insurance Co., Hartford, Conn. 

McLaren, John (B). The Travelers Insur¬ 
ance Co., Main St.. Hartford. Conn. 

Mortimer, John W. (B), 82 Plymouth 
Lane, Manchester, Conn. 

Taylor, Shaw (B), The Whitlock Manu¬ 
facturing Co., Hartford, Conn. 

Smitii, S. Arnold (B), 1377 Main St., 
Newington 11, Conn. 


INDIANA 

MuUendore, William O. (C), 1809 W. 9th 
St., Anderson. Ind. 

Sweeny, W. O. (B), Haynes Stellite Co., 
Kokomo, Ind. 

KANSAS CITY 

Carberry, John L. (B), 4916 Wabash, 
Kansas City, Mo. 

Gould, Harold M. (B), 502 North Liberty 
St., Independence, Mo. 

Hays, Dan F. (C), North American Avia¬ 
tion, Kansas City, Kan. 


LEHIGH VALLEY 

Gordon, Paul J. (C), 765 Washington 
Ave., Bethlehem, Pa. 


LOS ANGELES 

Binder, R. W. (C), Bethlehem Steel Co., 
Box 58, Watts Sta., Los Angeles 2, 
Calif. 

Gorich, George M. (C), 3231 Maine St., 
Long Beach 6. Calif. 

Green, Ruseell L. (C), c/o G. Wilson, 
Bridge & Bldg. Supr., Union Pacific 
R.R. Co., 2025 Hunter St., Los Angeles, 
Calif. 

Grier, Richard E. (C), 2494 Beachwood 
Dr., Hollywood 28, Calif. 

James, Davis L. (B), 1053 W. 121st St., 
Los Angeles, Calif. 

Lawson, E. L. (C), National Cylinder 
Gas Co., 495() &nta Fe Ave., Los 
Angeles 11, Calif. 

McKelvey, Henry K. (C), 5237 Green- 
meadow Rd., l^ng Beach 8, Calif. 

Pendrell, C. C. (B), Haynes Stellite Co., 
2305 E. 52 St., L(» Angeles 11, Calif. 

Schiebel, Roy O., Jr. (C). Magnaflux 
Corp.. 1566 E. Slauson Ave., Los Ange¬ 
les 11. Calif. 
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As liis LST hits the bfoch of a Jap^htld 
island in the Pacific, figkiinf men, tanks and 
guns pour out to rout the Nips. Mass produc¬ 
tion of landing craft is just one of the many 
ways in which the weldability of steel has 
helped to produce good fighting equipment. 








FOR WELDED STEEL 


I N many war-pressed plants 
where welding is an important 
factor, U-S*S Rolled Steels for 
welding help to save metal, turn 
out stronger, lighter work—faster. 

We can supply exactly the right 
kind of steel to meet your special 
needs. For instance, whether you 
need high strength-weight ratio, 
ability to withstand heat and 
pressure, or resistance to corro¬ 
sion and oxidation, there is a type 
of U-S-S Rolled Steel which has 


the desired qualities. These steels 
are available in a wide variety of 
sizes and shapes. 

Our research engineers have 
determined the exact welding 
characteristics of each kind of 
rolled steel, by exhaustive labora¬ 
tory experiments and also by 
practical tests. This wealth of 
welding data is at your disposal, 
to help you solve your individual 
problems. Drop us a line today. 
You incur no obligation. 


Chvck rtilt lilt 0 f w*ld-t*it*d 
U'S'S Relltd St*0li 

U S'S HIGH-STRENOTH STEELS to mist 
corrosion and increase strength witkont 
adding meight, 

U-S-S COPPER STEELS to give twice the 
atmospheric corrosion resistance of regu¬ 
lar steel at little additional cost. 

U S-S STAINLESS AND HEAT-RESIST¬ 
ING STEELS to assure high resistance to 
corrosion and heal, to reduce meight and 
facilitate cleanliness. 

U-S-S CARILLOY AUOY STEELS — 
cial steels for the special jobs of indsutry, 

U-S-S HOT-ROLLED AND COLD-ROLLED 
STEELS to provide the basic advantages 
of steel, pins maximum economy in ac¬ 
cordance with the requirements of each 
fob. 



U S'S ROLLED STEELS FOR WELDING 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON ft RAILROAD COMPANY, Birmingham 
United Stetei Steel Supply Compeny, Chicago, fi'arrkouse D’siributors 
United Statei Steel Export Company. New York 


UNITED STATES STEEL 
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Winder, E. J. (C). 406 E. 99th St.. Ingle¬ 
wood. Calif. 

Young, James J. (C). 917 N. Mariposa 
St., Burbank Calif. 


LOUISVILLE 

Jensen, CarlL. (C), Box 133, New Albany, 
Ind. 

Mattimore, John Dalton (B), Tube Turns, 
Inc., 224 East Broadway. Louisville 1, 
Ky. 

McClellan, H. 6. (B), 2621 Colin Ave. 
Louisville, Ky. 

Slane, Rufua A. (C), 1826 Sherwood Ave., 
Louisville 5, Ky. 


MARYLAND 

Birtle, James P. (C), 68 Tanner Ave., Pier¬ 
son, Md. 

Culyer, Richard C. (C), 2902 Dunmore 
Rd., Dundalk, Baltimore 22. Md. 

Dellinger, Llewellyn M. (B), 518 Notting¬ 
ham Rd., Baltimore 29, Md. 

Hopkins, Wm. Henry (C), 1148 Steelton 
Ave., Baltimore 24, Md. 

Lippincott, D. F. (C), Maritime Inspection 
Office, Beth.-Sparrows Pt. Shipyard, 
Sparrows Pt., Md. 

Mandell, Sol Harold, Corp. (B), The Ord¬ 
nance Schdol, Aberdeen Proving Grds., 
Box 669, Md. 

Morcom, Chas. F. (C), 2901 Kiidalre Dr., 
Baltimore 14, Md. 

Savage, James K. (C) 21 Admiral Blvd., 
Dundalk 22, Md. 

Shrieves, John B. (C), 3163 Elmora Ave., 
Baltimore 13, Md. 

Wagner, Carl A. (B), 100 Armagh Drive, 
Baltimore 12, Md. 


MICmANA 


Barrett, Paul B. (C), 2901 S. Main St., 
S. Bend 23, Ind. 

Beringer, George E. (C), Bendix Prods. 
Div., Bendix Aviation Corp., So. Bend, 
Ind. 

BowUn, S. W, (C), 3701 L.W.W., So. 
Bend,Ind. 

Boyer, Raymond (C), R. R. 5, Box 77, 
Locust Rd., So. Bend, Ind. 

Brennan, James A. (C). Bendix Prods. 
Div., Bendix Aviation Corp., So. Bend, 
Ind. 

Bush, Judd (C), Edwards Iron Wks., Inc., 
2901S. Main St., So. Bend 23, Ind. 
Elliott, Randall (6), 717 Harrison Ave., 
So. Bend 16, Ind. 

Falk, K. K. (C), 2006 Inglewood P]., 
So. Bend 16, Ind. 

Farrington, Wm. D. (C), Bendix Prods. 
Div., Bendix Aviation Corp., 401 Bendix 
Drive, So. Bend 20, Ind. 

Fasanacht, W. G. (C), Bendix Prods. 
Div., Bendix Aviation Corp., 401 Ben¬ 
dix Drive, So. Bend 20, Ind. 

Froh, C. W. (C), Bendix Prods. Div., 
Bendix Aviation Corp., 401 Bendix 
Drive, So. Bend, Ind. 

Gage, Wm. A. (C), Edwards Iron Wks., 
Inc., 2901 S. Main St., So. Bend, Ind. 
Grodrian, John (C), 3025 North Side 
Blvd., So. Bend, Ind. 

Hale, Harry (C), 1134 Fremont Ave., 
So. Bend, Ind. 

Henry, Victor A. (C), 1146 £. Donald St., 
So. Bend, Ind. 

Joyal, Leo T. (C), Dodge Mfg. Corp., 
500 S. Union St., Mishawaka, Ind. 
Juroff, Alex J. (C), Bendix Prods. Div., 
Bendix Aviation Corp., So. Bend, Ind. 
Kaiser, Wm. (C), 128 Murray St., So. 
Bend,Ind. 
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Kellogg, Howard E. (C), Dodge Mfg. 
Corp., 500 S. Union St., Mishawaka, 
Ind. 

King, Lester J. (C), 1509 Miami St.. 
So. Bend, Ind. 

King, Wesley M. (C), R. R. 4, Niles, Mich. 
Krtmikowaki, Stanley (C), Awards Iron 
Wks., Inc., 2901 S. Main St., So. Bend 
23,Ind. 

Kuzmitz, Frank V. (C). 2113 S. Chapin 
St.. So. Bend, Ind. 

Lorenz, Chaa. F. (C), 2154 Hollywood 
PI., So. Bend 16, Ind. 

Miller, Jacob A. (C). R. R. 2 Edison Rd.. 
Mishawaka, Ind. 

Sanders, W. E. (C). 1218 E. Wayne St. 
S., So. Bend, Ind. 

Schneider, William G. (C), Dodge Mfg. 

Corp., Mishawaka, Ind. 

Schoch, Harold W. (C), Edwards Iron 
Wks., Inc., 2901 S. Main St., So. Bend 
23, Ind. 

Shafer, Theodore D. (C), 930—21st St.. 
So. Bend 15, Ind. 

Shank, Carl Kenneth (B), Dodge Mfg. 
Corp., 500 S. Union St., Mishawaka, 
Ind. 

Sommer, E. A. (C). Edwards Iron Wks., 

l nc. , 2901 So. Main St., So. Bend 23, 

l nd. 

Strouf, Geo. R. (B), R. 2, Box 518, So. 
Bend,Ind. 

Thompson, Lawson B. (C), 1144 E. 

Bronson St., So. Bend, Ind. 

Walsh, A. J. (C), 215 S. Taylor, So. Bend, 
Ind. 

Weir, Chas. A. (B). Dodge Mfg. Corp., 
500 S. Union St., Mishawaka. Ind. 
Whitt, Glenn (B), 2508 Mather Ave.. 
Elkhart, Ind. 

Ward, Coy (C), Edwards Iron Wks,, 

l nc. , 2901 S. Main St., So. Bend 23, 

l nd. 

Weinick, Edward E. (C), River Park 
Welding Shop, 914 S. 30 St., So. Bend, 
Ind. 

Wilhelm, Thomas (C), 504 Hendricks 
St., Mishawaka, Ind. 

Williams, Howard E. (C), Bendix Prods. 
Div., Bendix Aviation Corp., So. Bend, 
Ind. 

Yike, Floyd A. (C), 3541 Curtiss Dr., So. 
Bend,Ind. 


NEW JERSEY 

Person, Leon (C), P. O. Box 392, Dunel- 
len.N.J. 

Sanchez, Alvaro (C), 125 N. Sussex St., 
Dover, N. J. 


NEW YORK 


Amoroso, Guido (C), 2100 Cropsey Ave., 
Brooklyn, N. Y. 

Bloome, Chas. H. (B), 23 Lexington Ave., 
Port Richmond, Staten Island 2, 
N. Y. 

Duffy, Daniel J. (B), 38 Glover Ave., 
Yonkers 4, N. Y. 

Franz, Henry Wm. (C), 90-24 144th PI., 
Jamaica 2, N. Y. 

Hastie, Chris (C). Lloyd’s Register of 
Shipping, 17 Battery PI., New York 4, 
N. Y, 

Hurley, Thos. B. (B), 205 St. Marks PI., 
Staten Island, N. Y; 

Khokhlov, B. A. (B), Amtorg, 210 Madi¬ 
son Ave., New York 16, N. Y. 

Lee, Ralph H. (B), Special Chemicals 
Co., 30 Irving PI., New York 3, N. Y. 

ScarpuUa, Norman C. (B), 147 Norwood 
Ave., Clifton, Staten Island 4, N. Y. 

Wilson, Robt E. (C), Air Reduction 
Sales Co., Room 1132, 60 E. 42 St., 
New York 17. N. Y. 
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NORTHWEST 

Hemmingson, Henry (C), 1401 E. i 
riorSt., Duluth, Minn. 

Sullivan, Osier G. (B), Naval C 
Battalion, c/o F.P.O., San Franc 
Calif. 


OKLAHOMA CITY 

Brown, Robt. C. (C), Welders Suppb 
Box 653, Oklahoma City, Okla. 

DeShane, L. A. (C), Rt. 3, Box ‘ 
Oklahoma City 7, Okla. 

Echer, Adolph Chas. (C), Adolph & 
Boiler Shop, Box 4055, Oklahoma 
Okla. 

Mobry, R. E. (C), 536 S. W. 34th. 
homa City, Okla. 

Newton, W. L. (C), State Dept., C 
Bldg., Rm. 539, Lubar, Okla. 

Quaid, Clifford B. (C), 4120 S. SI 
Oklahoma City, Okla. 

Stewart, Lowry L. (C), Welders S 
Co., Box 653, Oklahoma City, Okh 


PEARL HARBOR 

Bowles, George E., M.M. 1/C (C), 
128, c/o F.P.O.,* San Francisco, 

Keyte, Lawrence E. (C), 410 Is 
Naval Housing, Honolulu, T. H. 

Long, Bernice L. (C), B. Q. 5 
C.H.A. 3, Honolulu, T. H. 

Silverman, Marvin (C). Navy 12! 
F.P.O., San Francisco, Calif. 

Towler, Donald B. (C). 1730 B. Kala 
Honolulu, Hawaii. 

Waldman, Joseph (C), 500—8tl 
Naval Housing, Honolulu 50. H 

Widenhouse, Wm. J., Jr. (C), 3( 
St., C.H.A. 1, Honolulu, T. H. 


PEORIA 

Olive, Frederick A. (C). Cate 
Tractor Co., 204 Missouri, Peor 
Wagner, Francis (C), Westclox, La 
Ill. 


PHILADELPHU 

Gouran, Mark F. (B), 7426 Devc 
Philadelphia, Pa. 

Reitinger, H. Emerson (B), Mil 
Bleigh Sts., Philadelphia 35, Pa. 


PITTSBURGH 

Cable, H. Edw. (C), Lincc^n I 
Co.. 926 Manchester Blvd., 
Pittsburgh 12, Pa. 

Davis, Claude E., Jr. (C), Metal & 
mit Corp., 1514 W. North Ave., 
butgh. Pa. 

Kehoe, Joseph W. (B). 813 Alpine 
Wilkinsburg21, Pa. 

Kessler, MarvinH. (C), Glenarm, 5 

Sdiuster, R. H. (C), Lincoln Electi 
926 Manchester Blvd., Pittsbui 
Pa. 


PORTLAND, ME. 

Cole, Clarence E. (C). 195 Myrtl 
Portsmouth, N. H. 

Langzettel, Geo. R. (C), New E 
Shipbldg. Corp., c/o Hull Supt. 
East Area, So. Portland, Me. 
Whitehouse, Gerald C. (C), 10 ( 
Rd., Elizabeth Pk., Cape Eli 
Me. 


PORTLAND, ORE. 

Behrens, Veryl E. (B), 1036 N 
Portland 15, Ore. 
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IT WILL 
TO LOOK INTO 


FASTER Welding with Unamatic 

Enables your plant to speed up production 
200% — 300% over the manual process... 
greatly increases your fabricating capacity. 


LOWER COST with Unamatic 

Gives you more arc welding per dollar of 
cost because of 10% —15% savings in 
materials used plus 2 to 3 times greater 
production per operator. 

BETTER Welding with Unamatic 

Assured because all functions are me¬ 
chanically controlled after the operating 
procedure has been established. Unamatic 
eliminates the strain and fatigue that 
accompany manual welding. 

Write or wire and we shall be glad to have 
an experienced field engineer call ... no 
obligation, of course. 


UNA WELDING, INC. 

1615 Collomer Ave. • Cleveland 10, Ohio 


W HETHER your work requires "'Open 
Arc" (light coated wire), "Protected 
Arc" (light coated wire and tape) or 
"Concealed Arc", you can obtain the 
following important advantages with 
Unamatic Welding: 


Bemie, Donald V. (B). 1123 N. E. 6th. 
Portland 12, Ore. 

Carman, Vernal (B), 22 S. 7th St., 
Forest Grove, Ore. 

Lovely, Kenneth F. (B). 4423 N. E, 27th 
Ave., Portland 11, Ore. 

Pickard, Wm. J. (C), 4734 N. E. 22nd 
Ave., Portland 11, Ore. 

Vrooman, R. M. (C), Rt. 2, Box 152, 
Boseburg, Ore. 


PUGET SOUND 

Boersig, Har^ B. (C), Rt. 1, Box 706, 
Tacoma, Wash. 

Peters, Otto (B), American Fixture & 
Mfg. Co., 2300 Locust St., St. Louis, 
Mo. 

Russell, Robt. E., Jr. lA), Hydraulic 
Supply Mfg. Co., 7o(X)—8th Ave., 
So., Seattle 8. Wash. 

Schrage, Fred P., Sgt. (C). A.P.O. 205, 
c/o P.M., New York, N. Y. 

Snider, Wm. E. (B), Webster Welding 
Co., 1211 Pine St., Seattle, Wash. 

Swanson, Henry E. (A), Isaacson Iron 
Wks., Box3028, Seattle. Wash. 

Thies, Hans L. (C), Box 145, R. 6, Ta¬ 
coma, Wash. 


SOUTH TEXAS 

Shaw, C. A. (C), Wessendorff, Nelms & 
Co., 320 Franklin St., Houston, Tex. 


TIDEWATER 

Dixon, V. R. (B), 1701 Halladay St., 
Portsmouth, Va. 


Karseboom, Donald R. (B), U.S.N.. 
Fleet Service Schools, N. O. B., Nor¬ 
folk, Va. 

Kriewall, Wm. B. (B), 238 B Ingram St., 
Benmoreell, Norfolk, Va. 

WUley, EUiott T. (C), C & W Welding Co., 
3200 Elm Ave., Portsmouth, Va. 

WASHINGTON. D. C. 

Burroughs, John Lt. (j.g.) (C), 352.3 
Martha Curtis Dr., Parkfairfax, Alex¬ 
andria, V'a. 

Madden, Robt. C., Ens. (C), 2437 Porter 
St., N. W., Washington 8. D. C. 

Touceda, Enrique G., Lt Comdr. (C), 
2310 Connenicut Ave., Washington, 
D. C. 

WESTERN MASS. 

Dyer, Thomas B. (B). Box 14, Forest 
Park Sta., Springfield 8, Mass. 

Murray, Walter J. (C). 28 Aldrich St., 
Northampton, Mass. 

WESTERN MICHIGAN 

Priest, J. H. (B), Melverney Spring & 
Wire Co., 655 Godfrey S. W., Grand 
Rapids, Mich. 

WESTERN NEW YORK 

Stoiber, Aloysius J. (C), 15 Meech Ave., 
Buffalo. 8. N. Y. 

WICHITA 

BeU, Lester (C), 1013 N. Grimes, Mc¬ 
Pherson, Kan. 


Donham, G. R. (C). 2115 E. Bayley, 
Wichita 9, Kan. 


YORK-CENTRAL PENNA. 

Cantner, John F. (C). Rt. 5. Hagerstown, 
Md. 

Ginter, Chas. A., Jr. (B). Midvale .\pts.. 
1 Pkway., Coatesville 19, Pa. 

Jacoby, Roy W. (C). R. D. 1. York, Pa 

McClellan, Robt. T. (C), R. 1). 4, Coates- 
ville. Pa. 

Nivision, Robert (C), Lukcnweld, Inc., 
Coatesville, Pa. 

Snyder, Geo. L. (C), Lukcnweld, Inc., 
Coatesville, Pa. 

Wagner, F. Clifton (C), Eagle Paper Mills 
Apts., R. n. 1. Downington, Pa. 

Wit, SaiDual (C), Lukenwcld, Inc., Coates¬ 
ville, Pa. 

Zirkand, Wm. C. (C), 35 Philips Ave., 
Waynesboro, Pa. 


NOT IN SECTIONS 

Albaugh, Earl (C). 203—8th Ave.. Charles 
City, Iowa. 

Amoldson, Carlos, Jr. (C), P. O. Box 
697, Havana, Cuba. 

Barrett, Henry (B), 32 Clive St , Grange- 
town. Cardiff. So. W'ales, England. 

Evans, Chas. D. (B). Interrutional Har¬ 
vester Co., Bettendorf, Iowa. 

Fincher, E. T., Jr. (B), J. A. Jones Const. 
Co., Wainwright Yard, c/o Welding 
Dept., Panama City, Fla. 

Rauh, F. A. (B), Am. La Prance Foamite 
Corp., 100 E. La France St., Elmira, 
NY. 

min, W. W. (B), Arc Welding Wks., 
Forks. Wash. 


Members Reclassified 


Curing Month of January 


BOSTON 

Corinha, Henry A., Jr. (from D to C), 
242 Lincoln St., Winthrop 52, Mass. 

Johnson, Wm. B. (from D to C), Mill St., 
Burlington, Mass. 

Mastromarino, Anthony (from D to C), 
304 Essex St., Swampscott, Mass. 

CHICAGO 

Miller, Jack J. (from D to C), 2639 W- 
Rice St., Chicago 22, Ill. 

Quass, Louis M. (from D to C), 905 S. 
Cuyler Ave., Oak Park, Ill. 

Sennebogen, John A. (from D to C), 
112 N. Wilmette Ave., Westmont, III. 

Shaski, John J. (from D to C), 115 Ste¬ 
phen St., Lemont. Ill. 

CANADA 

Manchester, Gordon £. (from D to C), 
25 Askew St., Leamington. Ont.. 
Canada. 

LOUISVILLE 

Rath, Nelson C. {from D to C), P. O. Box 
844, Louisville 1, Ky. 
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NEW JERSEY 

Basquill, John P. (from D to C). 33 
Royal Ave., Livingston, N. J. 

Bowne, Lloyd F., Jr. (from D to C), 74 
Lenox Ave., E. Orange, N. J. 


NEW YORK 

Benson, Samuel (from D to C), 400 E. 

80th St., New York 21. N. Y. 

Eggen, Arvid (from D to C), 527 E. 

82nd St., New York 28, N. Y. 

Inman, Wm. D., Jr. (from D to C), 796 
E. 35th St., Brooklyn, N. Y. 


NORTHWEST 

Hartz, Clarence J. (from D to C), 5209— 
37th Ave., Minneapolis 6, Minn. 


PHaADELPHIA 

Castner, Estol H. (from D to C), 1826— 
68th Ave., Philadelphia 26. Pa. 
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Yocum, William F. (from 1) to C), 2719 
Helen St., Philadelphia, Pa. 


PORTLAND, ME. 

Michaud, Joseph A. (from D to C), 
32 State St.. Portland. Me. 


SAN FRANCISCO 

Maffei, Ray (from D to C), 408 Taurus 
Ave., Oakland, Calif. 


WESTERN MICHIGAN 

Fozx, Walter H. (from C to B), 21 Wilkes 
St., Battle Creek, Mich. 

Kreiser, G. F. (from D to C), West Lake 
Cottage, South Shore. R. 5, Kalamazoo, 
Mich. 

NOT IN SECTIONS 

Cartmell, H. W. (from D to C), Belle- 
fonte Rt. 2, Ashland, Ky. 

Roberts, Emmett (from D to C), W. 38th 
& Lancaster Rd,, R. D. I, Erie, Pa. 
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Spare Gears... 

Tobin Bronze Welded 




Ready to go to work again, this group 
of worn and broken gears from wire braid¬ 
ing machines at the Metal Hose Branch of 
The American Brass Company, were 
quickly and economically reconditioned 
with Tobin Bronze* Welding Rod. 

Through the use of these spare gears, 
the machines were kept in operation 24 
hours a day on vital war work, braiding 
wire over flexible metal tubing for ships, 




tanks, aircraft and landing craft. 

**Don’t Scrap It,,, Bronze Weld It! ” is 
more than a slogan—it’s a necessity in 
many plants. Publication B-13 describes 
Anaconda Welding Rods, suggests uses 
and procedures. Write for a copy. 


• RCK-17.9.Pat. Off. 


THE AMERICAN BRASS COMPANY 

General Offices: Waterbary 88, Connecticut 
Subsidiary oj Anaconda Copper Mining Company 
Im Canada; ANACONDA Auebican ChaSS Ltd., Nfi/'T^ron/o, Ont. 
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NEW PRODUCTS 


THe Society assumes no responsilnHty 
for the validity of claims in this Section 


THREE-PHASE RESISTANCE WELDER 

A new principle for the spot welding of 
steel in heavy gages with a balanced three- 
phase load huas been announced by Sciaky 
Bros., 4916 West 67th St., Chicago, Ill. 



As shown in the diagram, all three 
phases of the a.-c. line current are recti¬ 
fied to d.-c. and supplied to the welding 
transformer through a system of reversing 
ignitron tubes. These tubes allow the 
current to pass through the center tapped 
primary first in one direction, and then 
in the other. Thus, the induced welding 
current in the secondary is a continuous 
alternating impulse of low frequency— 
of ideal wave shape and magnitude. 

This system helps overcome limitations 
encountered, where single-phase a.-c. 
welders are subject to heavy loads. 
These are: disturbance to the usual three- 
phase supply in the unbalanced load, the 
heavy reactive load, which results in low 
power factor, and the high power demand. 
Power installation and operating costs 
are reduced by providing (1) a balanced 
three-phase load, (2) operation at near 
unity power factor and (3) decreased 
power demand. 

A typical spot welder employing the 
"Three-Phase” principle (type PMC0.2T- 



4) is rated 100 kva. at 50% duty cycle 
and operates at 85% power factor. A 
preheating current and variable pressure 
are provided. Capacity on mild, scaly or 
stainless steel is from 0.032 in. plus 0.032 
in. up to and including 0.312 in. plus 0.312 
in. Speed on two thicknesses of 0.062 in. 
is 90 spots per minute. 

The principle has been effectively ap¬ 
plied to seam welders for aluminum, 
heavy-duty projection and flash welders. 


GUN WELDER BRAZES COPPER 

Engineers at the East Pittsburgh Plant 
of Westinghouse have adopted a "gun 
welder” for spot brazing large copper sec¬ 
tions, Difficulty is frequently encountered 
in fabricating work-of this kind because 
the shape and size of the sections hinder 



their passage through a press type welder. 
Here, instead of the work being brought to 
the welder, the welder is brought to the 
work. Since copper is a low resistance 
metal, molybdenum tips are used to supply 
the necessary heat—by conduction—to the 
parts being brazed. Recirculated water is 
used as a refrigerant. 


SILVER BRAZING (SOLDERING) 

OF CAST IRON 

Commercial silver soldering or brazing 
of cast iron has heretofore been considered 
impractical. The scale, graphite and sand 



Fig. 1 


inclusions on the casting surface prevented 
a firm, uniform bond. 

ITie use of solder containing silver, 
whose melting point is 1000“ F. or greater 
is termed "silver brazing.” 

The tensile strength of silver brazing 
alloys such as A.M.S. 4770, being 40,000 
psi. or greater, if a firm and uniform brazed 
bond exists between cast iron and steel, 
the lower tensile strength material, viz., 
cast iron should break before the bond. 

Figure 1 illustrates a breach of such a 
Joint between silver-brazed cast iron and 
steel. 

The cast iron has been ruptured show¬ 
ing the strength of bond between the 
A.M.S. 4770, the cast iron and the steel. 

To obtain the uniform strong bond 
shown in Fig. 1, it is not only necessary 
to remove all dirt, grease, oil and oxides 
from the surface but it is also necessary to 
remove those ingredients of the iron (nec¬ 
essary from a physical standpoint but un¬ 
desirable from a bonding standpoint such 
as graphite, combined carbon and sand 
inclusions). 

A combined cleaning and surface prepa¬ 
ration process has now been developed 
by Kolene and is in commercial use for 
preparing cast-iron surfaces, either ma¬ 
chined or uinnachined, for this silver- 
brazing operation. 

Figure 2, a photomicrograph of 750 
diameters, shows the penetration of 
A.M.S. 4770, into the apertures from 
which the graphitic carbon or sand inclu¬ 
sions have been removed and the strong 
uniform bond between the steel, grey iron 
and silver-brazing material. 

This Kolene process of surface prepara¬ 
tion is carried out by suspending parts in 
an open container of catalyzed molten 
salts through which an electrical current is 
passed. The surface impurities are re- 


STEEL 



Fig. 2 
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W HEN the going gels lough you 
can rely on a champion to come 
through with flying colors. That is why 
CHAMPION Welding Electrodes are 
the choice of welders who know what 
they will do in a tough spot. Extensive 
metallurgical research has gone into 
periectliig a line of electrodes which 


will produce exceptionally strong 
welds at lowest possible cost. The 
result is a winner —a true champion 

both in name and performance. 


CHAMPION 

ELECTRODE 



THE CHAMPION RIVET CO. 

11400 HARVARD AVE. • CLEVELAND, OHIO 

EAST CHICAGO, /NO. 
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moved by the formation of oxidation and 
reduction members in this Kolene bath, 
as desired. The surface to be silver 
brazed is then fluxed such as with A.M.S. 
3410 and silver (soldered) brazed, as with 
A.M.S. 4770, in a conventional manner. 

It has been found possible with this 
process to join steel stampings, tubing, 
pipe, etc., to cast iron fittings and parts. ‘ 

The discovery of this Kolene procedure 
of surface preparation will permit design¬ 
ing engineers greater latitude in the use of 
grey iron castings which must subse¬ 
quently be joined to other ferrous or some 
nonferrous metals. Kolene Corp., 315 
Boulevard Building, Detroit 2, Michigan. 


NEW SO-KW. ELECTRONIC HEATER 

A new 50-kw. electronic heater for sur¬ 
face and localized hardening of gears, rods 
and other parts and for annealing, brazing 
and soldering operations, has been an¬ 
nounced by the Industrial Heating Divi¬ 
sion of the General Electric Co. Ideal for 
use in metal-working plants, the new 
heater incorporates all of the important 
features of the 5- and 15-kw. G-E heaters 
and, in addition, is capable of heat treat¬ 
ing much larger parts or the same size 
parts in less time. This heater is readily 
applicable for many different heating jobs 
merely by changing the induction-coil 
flxture. 



Available in models rated either 230 or 
460 v.. 3 phase, 60 cycles, this heater is 
unusually easy to operate. The parts to 
be heated are positioned in the fixture, and 
the START button is pressed. Automatic 
controls then regulate the beating and 
quenching cycles, assuring duplication of 
results on each part. An attached work 
table provides two heating positions, per¬ 
mitting full utilization of the high-fre¬ 
quency power supply to secure maximum 
production. 


"BREN-DEL” VALVE 

We are all familiar with the hazard of a 
broken oxygen line in the close proximity 
of oil, oily waste or clothing, and other 
combustibles, also the speed at which a 
severed oxygen hose burns. When "Bren- 
Del” valves are used this hazard is prac¬ 
tically eliminated, since the valve im¬ 
mediately closes automatically. 

Many serious accidents have occurred in 
compartments of ships, etc., through gas 
lines being accidentally severed and quickly 
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filling the space with a dangerous mixture 
of air and gas. which exploded causing loss 
of life and heavy damage. When "Bren- 
Del” valves are used the hazard is greatly 
reduced, since the valve closes automati¬ 
cally and only a small amount of gas is 
permitted to escape. (Approx. 10 cu. ft. 
per hr.) 

Another safety feature of the acetylene 
or fuel gas valve is the flash-back check 
which is built into the “Bren-Del” valve. 
While not intended to take the place of 
hydraulic back pressure valves, in large 
piping systems, this feature does prevent 
flashbacks in the hose from getting into 
the main lines or damaging the regulators. 

Further information may be obtained 
from R. W. Brendle and Co., P. O. Box 
2347, Tampa I, Fla. 


ALL-PURPOSE BRAZING FURNACE 

Wartime applications of brazing and 
powder metallurgy forecast many short¬ 
cuts in fabricating peacetime products . . . 
shortcuts that w'ill make a big difference 
in meeting postwar competition. 

A new, all-purpose furnace to meet the 
need for the most modem and efficient 
production equipment has been developed 
by Lindberg Engineering Co., Chicago. 
It is designed for silver brazing at low 
temperatures, copper brazing at high 
temperatures, powder metallurgy, bright 
annealing, general tool hardening and 
high-speed tool hardening. Unusual flexi¬ 
bility of use results from its wide range of 
attainable working temperatures—from 
1300 10 2500" F. 

The construction of this new furnace 
permits the handling of heavy loads at 
high temperatures, making its use especi¬ 
ally efficient for the sintering of powdered 
metals where each piece may weigh as 
much as several hundred pounds. Also, 
handling work in and out of the furnace 
has been made easier by the use of effi¬ 
ciently designed loading and unloading 
platforms. Furnace shutdowns are fore¬ 
stalled by the use of Globar type heating 
elements that are quickly and easily re¬ 
placeable. 

Hydryzing atmosphere, precombusted 
gas and dry hydrogen atmosphere may be 
used for prevention of oxidation and dis¬ 
coloration, insuring work that is bright 
and clean. The furnace is protected from 


infiltration of outside air by the use of a 
flame curtain at both the charge and dis¬ 
charge doors of the furnace. The curtain 
ignites automatically when the doors are 
opened. This is a further protection 
against oxidation. A gas-tight, water- 
cooled cooling chamber is filled with the 
proper atmosphere to prevent oxidation 
and discoloration during cooling. Full in¬ 
formation is available in a new bulletin. 
No. 200, which you can get by writing 
Lindberg Engineering Co., 2444 West Hub¬ 
bard St., Chicago 12, Ill. 


BENCH MODEL IH POSITIONER 

Sturdy and compact, this hand-operated 
positioner provides a handy tool to facili¬ 
tate production and repair welding, as¬ 
sembly, overhauling, grinding, drilling, 
hard-surfacing and similar operations on 
all small work. Its ability to handle small 
units eflwiently makes the Model IH a 
versatile machine for welding, assembly, 
maintenance and repair shops. The ca¬ 
pacity of this Ransome Bench Model 
Positioner is 100 lbs. with the center of 
gravity three inches above table. It has a 
tilting range of 150°, revolves 360°, and 
can be locked in position at any degree of 
tilt. The 16-in. tabletop is equipped with 
*/i«-in. slots. Swivel base is available if 
desired. 



The Ransome Machinery Co. now 
manufactures welding and work positioners 
from 100 lb. capacity hand-operated to 
40,000 lb. motor-operated, also turning 
rolls and other special positioning equip¬ 
ment. 

For further information address the 
Ransome Machinery Co., Subsidiary of 
Worthington Pump and Machinery C(wp., 
1473 S. Second St., Dunellen, N. J. 
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42 ARCOS GRADES 

Chrome-Nickel ond 
Straight Chrome Electrodes 
for Stainless Steels. 

Chroma-Moly Electrodes for 
Law Alloy Chrome Steels. 

Mangonese-Moly Electrodes 
for High Tensile Steels. 

Non-Mrrous Electrodes for 
Nickel, Bronie, etc. Alloys. 


The quality of your alloy weld metal may not be tested in serv¬ 
ice for months after the |ob has been delivered or put in use. 

When you use Arcos electrodes, you’ve the assurance 
that the weld metal is everything it should be. 

There’s a lot of "peace of mind" packed into every 
box of Arcos electrodes. 

EL 




AtCOS COAPOAATION • 409 N. BROAD ST.. PHILA. t, PA. 

Vour Arcos Distrihulor is t(>cll informed. Vour Arcos Distrihuior has stock. 


enton RMicr. La.. .Gulf Wridine S^iiulpmcnl Co. 

Borcrr. TriM.Hart Induatrlal Supply Co. 

Boston. Mass.K. Rdkc-r tc Co.. Inr. 

Bunalo. N. V.Root. Neal * Co. 

Chicaso. lit.Machinery A Welder Corp. 

Cincinnati. Ohio.WllUam!i A Co.. Inc. 

Cleveland. Ohio.willlamt A Co.. Inc. 

Columbus. Ohio.Wllllama A Co.. Inc 

Detroit. Michigan. . . .c. E. Philips A Co.. Inc. 

Erie, Penna.Boyd Welding Co. 

Fresno. Calif.Victor Equipment Co. 

Ft. Wayne. Jnd..W.'iyne Welding Sup. Co.. Inc. 
Honolulu, Hawaii. .Hawaiian Gas Products. I.td. 
Houston. Texas. . .Champion Rivet Co. of Texas 
Kansas City. Mo.. Welders Supply A Repair Co. 

Kingsport, Tenn.Sllp-Not Belting Corp. 

Los Angeles, Calll.Victor Equipment Co. 


Mllwauhee. WIS.Machinery A Welder Corp. 

Moline. Ill.M.ichinery A WVIdor Corp. 

MonIreal.Canada . G .n.retera A Co. orCansda.Llti. 

New Orleans. La.Wm. D. Seymour Co. 

New Torh. N. V.H. Roker A Co.. IBC. 

Oklahoma City, Okla.. H.-irt Induatrlal Supply Co 

Pampa. Texas..Hart Industrial Supply Co. 

Pittsburgh. Pa.Williams A Co.. Inc. 

Portland. Ore. J. E. Hnseltlne A Co. 

Rochester. N. T.Welding Supply Co. 

San Diego. Calif.Victor Equipment Co. 

San Francisco. Calif.Victor Equipment Co. 

Seattle. Wash...J. E. H.-iaelttne A Co. 

Spokane. Wash.J. E. Haaeltine A Co. 

St. Louis. Mo.Machinery A Welder Corp. 

Syracuse. N. V.... .Welding Supply Co. 

Tulsa. Oklahoma.Hart Industrial Co. 

Wichita, Kansas.Watklna. Inc. 
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An arc welder needs "innards" to.^stand up un- 


dei^the strain of present dayig^^ii^^^eration 
^ell sir, HOBART has more "innards" than 


most arc welders. The liberal design 


of a HOBART you'll find has^f^^jymore copper, 
more steel, more good insulation, pre¬ 
cision (^hearings and accurate controls, 
all engineered into a simplified arc welder 
which makes its performance stand out head 
and shoulders above the pack. 


ffffB/tKT ^Ives you fBOO 
eombhofions ofi wefBtfry 
beef, perfectly cettMi' 
ebfe fbrevyhfivf ibsraaye. 
Tbefs why Hcberf asiures 
yov e/ beffet' wetBf, 


A B«H*r Rod for Ivory* Porpoto 

, H»batl lakoiat*ri«t mail* t*^ iw 

•oeh lo^eillc io (••■•d—la* 

proT.d — pvrI.eUd — •id*f Hobart 
CUeuodoo aad r*<*ll uadai* 
tlond why Iboy'ro Ibo cboieo 
■<» ol Ihooo wbo warn ttualilv- 
Writ* lot TOUT prico Hat. 


KStC WELDERS 


0*t» fff* s C^raasf fftr/'/efars Are iVe/tferM 


NOW AVAIUBLE 

Volume 2, Proctical 
Design for Arc 
Welding, with hun¬ 
dreds of ideos for 
improving your 
product with arc 
welding. 


• HOBART BROTHERS CO., Box WJ-4S, Troy, Ohio 

Please send me items checked below, without obligation. 
r~l Complete Welding Equipment Cotolog. 

Q Sample Pages, "Practical Design for Arc Welding," 

Name. _ . . _ . ___ _ 

Position- . ___firm___ 

Address_-___ 


Pocket 

Weldors' Guide 
Check for your copies 
todoyl 

P Check How Mony. 
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Fabrication Cost of Boilers, Tanks and 
Pressure Vessels as Affected by 

Plate Widths* 

By W. G. Theisinger^ 


B oilers, pressure vessels and similar structures 
may be built of plates formed as illustrated in 
Figs. 1 and 2. Figure 1 shows a drum whose 
length is equal to or greater than its circumference, while 
Fig. 2 shows a vessel whose circumference is equ^ to or 
greater than its length. In either type of assembly, 
where the shorter dimension does not exceed 195 in. 
(which is approximately the maximum width of steel 
plate obtainable), a single plate may be employed. 
In such case, all the fabricating operations are confined 
to just one plate, generally of width in excess of 100 in. 
and, as such, subject to a "width extra" charge in addi¬ 
tion to the base price. 

To avoid width extras, two plates are sometimes used, 
This practice requires the handling of two plates instead 
of one, and more than doubles the number of fabricating 
operations to produce the same shell. To determine 
whether one-plate or two-plate construction should be 
employed, the cost of the additional fabricating opera¬ 
tions required for the two plates should be compared 
with the higher initial cost of the one plate due to its 
width extra. Width extras are shown in Table 6. 

Vessels are also constructed as shown in Figs. 3 and 4, 
where the circumference of the vessel is large, and its 
length is in excess of the greatest width of a single steel 
plate which can be rolled. In vessels of such construction 
also, the 'mdths of plates used exert an important in¬ 
fluence on fabricating costs to a degree which can be 
determined by a consideration of the fabrication costs and 
of the width extras involved. 

In the one-piece crown and side construction of a loco¬ 
motive firebox, shown in Fig. 5, the length of the plate is 
the girth dimension and the' width of ^e plate develops 
the length of the firebox. In the three-piece structure. 
Fig. 5, the length of the three plates becomes the length of 
the firebox. The one-piece type is a simple matter to lay 
out and roll, whereas the three-piece construction necessi¬ 
tates the handling and forming of three pieces, as well 
as the welding and the operations incidental thereto. 

In addition to the influence of plate width on fabrica¬ 
tion costs, there should also be considered its influence on 
the voliune of production and the manpower require¬ 
ments. 

* Contributed bj the Metals Engineering Division for presentation at the 
Annual Meeting. New York, N. Y., November 27-December I, 1944, of tbe 
American Society of Mechanical Engineers. 

t Assistant to Vice-President. Lukens Steel Company, Coatesville, Pa. 




Fig. 1 






One-Plate and Two-Plate Construction 

The number of man-hours required to fabricate a ves 
sel can only be reduced by eliminating or reducing fabri 
eating operations in the shop. 
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I FABRICATION PROCEDU^ 


ONE PLATE 


Unload I ploti 


Hdndit I plato 


X>roy longitwdinol toom 
(I oporoiion) 

[Roqoifod lof U-68 conttrucHon) 


Layout 1 plate 
(i operation) 

Hondle 1 plate 1 

Trim edges of 1 plate 
(4 operotions) 

Hondle 1 plote 

Machine planing ond beveling 1 plate 
(4 operotions) 

1 Hortdle 1 plate 

*Heat I plate for crimping 
(2 eperotions) 

j Hot^le 1 plate 1 

Crimp edges of 1 plate 
(2 operations) 

1 Handle 1 plote 1 

*Heat 1 plote for rolling 
(1 operotien) 

1 Hondle 1 plate I 

RoN 1 plote 
(1 operation] 

Handle 1 course 1 

Shot blost 1 course 
(1 operation) 

1 Handle 1 course I 

Assemble 1 course 
(1 operation) 

Handle 1 course 1 

Weld longitudinal seom of 1 course 
(1 operation) 

Cleon, chip and grirtd longitudinal seom 
(3 operotions) 

1 Hondle 1 shell I 

Reround 1 shell 

11 operotion] 

1 Hondle 1 sheH | 


On* I 


13 


14 


15 


16 


17 


18 


21 


22 


23 


Cumulativ* numbor 
of oporofiont 


* Heating operatioiu not generally required (or plates under 1 in. thick. 


Two 


pioee 
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TWO PLATES 


Unlood 2 plote* 


Hondio 2 plotet 


Layout 2 plotet 
(2 oporationt) 


Hoodie 2 plotos 


Trim odqet of 2 plotet 
(8 opetotiont) 


Hoodie 2 plole* 


Machine ploninq ond beveRoq 2 plates 
(8 operations) 


Handle 2 plotes 


*Heat 2 plotes for crimpinq 
{4 operatiom] 


Handle 2 plotes 


Crimp edqes of 2 plotes 
(4 operotioits) 


Hoodie 2 plates 


*Hsat 2 plates for roiinq 
(2 operations) 

-I - 


Hortdle 2 plates 
I —: 


RoR 2 plotes 
(2 operotionsl 


Handle 2 courses 
I —: 


Shot blost 2 plates 
(2 eperotions) 


Hondle 2 courses 

1 


Assemble 2 courses 
(2 operations) 


Handle 2 courses 


Weld longitudinol seom of 2 courses 
(2 operotions) 


Cleon, chip ond grind longitudinol seam 
(b operations) 


Hondle 2 courses 
I 


Reround 2 courses 
(2 operations) 


Handle 2 courses 


Resquare edges and machine bevel 
circumferential seom 
(2 operations) 


Handle 2 courses 


Fit up 2 courses 
(I operation) 


Weld circumferential seom 
(I operotion] 


Cleon, chip and grind circumferentiol seom 
(3 operations) 


Handle I sheN 


X-ray longitudinal ond circumferential seems 
(2 operations) 

(Required for U-b8 construction)_ 


Fig. 6 
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Table l-~Estra*Fal>ricating(Co8ts%for Circumferential 
- " Seams4U-68 CoitatructiORi-2-In. Thiek Plate — 


Oferesioes 

Extra Coil* per 

Ft. of Seam 

Percent 
Extra Cost 

Layout 

% .42 

2.21 

Trimming 

;«0 

3.14 

Machining 

.92 

4.84 

Heating and Crimping 

1.50 

7.89 

Heating and Rolling 

2.36 

12.41 

Shot-blasting 

.22 

1.16 

Fit-Up 

.84 

4.42 

Extra Welding Long Seam 

.87 

4.58 

Clean, Chip and Grind 

.29 

1.53 

Reround 

.83 

4.37 

Resquare and Bevel 

1.25 

6.58 

Fit-up 

.83 

4.37 

Weld Circumferential Seam 

5.60 

29.46 

Chip and Grind 

.72 

3.78 

X-ray 

1.76 

9.26 


819.01 

lOOOO 


* Thtsa tost figKW indudt Hi parctnl shop burden, but not ides or udmhi’ 
ijtraihe expense or propt. Shop burdens have been found So vary from 100 to 
200 pertent. 


Figure 6 is a flow sheet showing the comparison in the 
number of fabrication operations for the one-piece and 
two-piece shells shown in Fig. 2. In the two-piece shell 
the narrow plates are joined together by means of a cir¬ 
cumferential seam in the middle of the length of the ves¬ 
sel. The welding of the extra circumferential seam in 
the two-plate construction is merely one item in fabricat¬ 
ing cost. In addition, all other operations are doubled, 
such as handling, laying out, trimming, beveling, heating, 
crimping the edges, reheating, rolling, assembling, clean¬ 
ing, chipping, grinding and X-raying. Further extra 
operations required for the two-piece type are resquaring 
and beveling edges for the round seam and reroimding 
the two courses and their fit-up. 

The two-plate type of construction, it will be seen from 
the flow sheet in Fig. 6, must undergo a total of 53 opera¬ 
tions, while fabrication of the one-plate type of vessel 
involves only 23 operations. 

The reduction of more than 50% in fabricating opera¬ 
tions, by the use of the one-piece construction, results in 
economies in fabricating cost, in fabricating time and in 
man-hours required for fabrication. Most important to 
the fabricator is the possible increase in the plant’s 
productivity, and hence in sales volume without any 
expenditure for additional plant or machinery. 

Costs of Unnecessary Fabricating Operations 

What are the costs of the additional fabricating opera¬ 
tions made necessary by the use of the two-plate type of 
construction as compared with the one-plate type of 
construction for the structures illustrated in Fig. 2? 

To obtain reasonably accurate and reliable data on the 
cost of U-68 class construction, intensive studies have 
been conducted over a period of several years. While 
fabricating costs are known to be higher today, the 
studies were directed toward determining average costs 
that would represent a fair cross section of the U-68 
type of fabricating industry in normal times. Classes 
of fabrication other than U-68 can eliminate the cost 
figures herein on operations which are not employed, 
such as X-raying which is not required on U-69 work, etc. 

Table 1 is a typical example -of the costs for the extra 


operations required in the fabrication of a two-plate 
vessel 2 in. thick. For comparison with the entire^cost 
of the extra operations, the percentage relationship of 
each operation is given. It will be noted that the actual 
welding of the extra circumferential seam—simply one 
step in the over-all fabrication picture—costs $5.60 per 
foot or only about 29.5% of the entire $19.01 which is 
the cost per foot of seam of the extra-fabricating opera¬ 
tions required by the two-plate construction. The ohe- 
plate vessel, in 2-in. gage, can effect economy in fabricar 
tion cost of about $19 per foot of seam, from which saving, 
the higher initial cost of the one-piece plate, due to the 
width extra, must be deducted. 

Fcd>iicating Costs and Widfii Extras 

Width extras for carbon steel plates are quoted by the 
mills in costs per 100 lb. The fabricator generally esti¬ 
mates his costs per foot of seam per vessel. Hence it is 
difficult to compare two dissimilar figures and know, 
for example, the relationship between a width extra of 
$0.05 per 100 lb. and a fabricating cost of $11.66 per foot 
of seam. To overcome this confusion, it is desirable to 
translate the width extra per 100 lb. into width extra per 
foot of seam or per foot of length of plate. 

Figures 7 and 8 illustrate this common ex|nession in a 
simple example of a 56-in. diameter vessel whose cir¬ 
cumference is 176 in. with shell length of 108 in., made 
from a single plate 1 in. thick, 108 in. wide and 176 in. 
long. The theoretical weight of this plate, including the 
maximum overweight allowance of 5%, is 385.5 lb. per 
foot of length of the plate. For the width extra of 
$0.05 per 100 lb. for a plate 108 in. wide the width extra 
per foot of length of this plate is $0.19. To justify the 
use of two plates, the fabricator would have to perform 
all of the extra operations required by the circumferential 
seam at a cost of $0.19 per linear foot, or less. A good 
average figure for U-68 fabrication in 1-in. thick steel 
plate has been found to be $11.66 per linear foot. Thus, 
using the one-plate shell shown in Fig. 7, the fabricator 
pays $0.19 adffitional per linear foot of steel plate, but 
saves himself a fabricating cost of $11.66 per linear foot, 
for a net economy of $11.47 per linear foot. As the 
length of the circumferential seam is 14 ft. 8 in., the sav¬ 
ing of $11.47 per linear foot becomes $168.22 for the en¬ 
tire shell. The width extra was $1.00 per ton; the net 
fabricating cost saved by paying it amounts to $59.50 
per ton. 

Converting to other units, the fabricating cost of 
$11.66 per foot becomes $3,025 per 100 Ib. By the one- 
plate construction the fabricator saves the difference be¬ 
tween the width extra of $0.05 per 100 lb. and his addi¬ 
tional fabricating cost of $3,025 per 100 lb., or a saving of 
$2,975 per 100 lb., or $59.50 per ton. 

As the width of the plate increases, the width extra per 
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Fig. 7 Fig. 8 
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T«bl« 2—Fabrication and Width Extra Coat par Foot and par 100 Lb., U-68 Conatruotion 





lONGITUDINAL WELDING 

PLATE SIZE. 

TOTAL 

COST PER FT 

COST PER 100 LB 

COST PER FT 

COST PER 100 


TR 

Fabri* 

Width 

Fabri* 

Widdi 

Fabri- 

Width 

Fabri- 




eadoQ 

Excn 

catioD 

Extra 

catioo 

Extra 

OdOQ 


12xl08xV^ 

190.9 

$ 8.51 

1 0.10 

1 4.46 

1 0.05 


$ 0.10 

1 3.57 

|o 

12 X 120x 

213.2 

8.51 

0.32 

3.99 

0.15 

mSm 

0.32 

3.19 

0 

12x132x^4 

236.7 

8.51 

1.78 

3.60 

0.75 


1.78 

2.88 

0 

12 xl 44 xV| 

259.5 

8.51 

2.60 

3.28 

1.00 

6.81 

2.60 

2.62 

1 

12 X 160 X 14 

288.2 

8.51 

3.60 

2.95 

1.25 

6.81 

3.60 

2.36 

1 

12xl74x^ 

316.5 

8.51 

4.75 

2.69 

1.50 

6.81 

4.75 

2.15 

1 

12 X 192 X 

349.2 

8.51 

6.98 

2.44 

2.00 

6.81 

6.98 

1.95 

2 

12 X 108 X 1 

376.4 

11.66 

0.19 

3.10 

0.05 

9.33 

0.19 

2.48 

■ 

12 X 120 X 1 

420.2 

11.66 

0.63 

2.77 

0.15 

9.33 

0.63 

2.22 

■ 

12 X 132 X 1 

464.5 

11.66 

3.48 

2.51 

0.75 

9.33 

3.48 

2.01 

■ 

12 X 144 X 1 

509.2 

11.66 

5.09 

2.29 

1.00 

9.33 

5.09 

1.83 

1 

12 X 160 X 1 

565.7 

11.66 

7.07 

2.06 

1.25 

9.33 

7.07 

1.65 

1 

12 X 174 X 1 

618.2 

11.66 

9.27 

1.89 

1.50 

9.33 

9.27 

1.51 

1 

12 X 192 X 1 

682.2 

11.66 

13.64 

1.71 

2.00 

9.33 

13.64 

1.37 

2 

12 X 108 X 2 

752.8 

19.01 

0.38 

2.53 

0.05 

■OP ■ 

0.38 


■ 

12 X 120 X 2 


19.01 

1.26 

2.26 

0.15 

■up ■ 

1.26 

1.81 

K 

12 X 132 X 2 


19.01 

6.97 

2.05 

0.75 

15.21 

6.97 

1.64 

c 

12x144x2 

1018.4 

19.01 

10.18 

1.87 

1.00 

15.21 

10.18 

1.49 

1 

12 X 160 X 2 

1131.2 

19.01 

14.14 

1.68 

1.25 

15.21 

14.14 

1.34 

■ 

12x174x2 

1236.4 

19.01 

18.55 

1.54 

1.50 

15.21 

18.55 

1.23 

■ 

12 X 192 X 2 

1364.4 

19.01 

27.29 

1.39 

2.00 

15.21 

27.29 

1.12 

1 


100 lb. also increases in steps. A comparison of width 
extra per foot or per 100 lb. with the fabrication cost per 
foot or per 100 lb. will determine the optimum plate 
width. 

In Table 2 are given fabrication costs for U-68 con¬ 
struction, per foot, and, per 100 lb., for circumferential 
welding and longitudind welding, and the width extras 
per foot, and per 100 lb., for plate of several gages and 
widths. 

In the case of the plates of ^/s-in. gage in the various 
widths, it can be seen that the width extras per foot or 
per 100 lb. never equal the fabrication cost per foot per 
100 lb. for circumferential welding and consequently 
the wide plate is always justified for the fabricating costs 
given. For example, with Vi-in- thick plate 192 in. 
wide, the width extra per foot in circumferential welding 
is $6.98 compared with a fabricating cost of $8.51 per 
foot or, on the per 100 lb. basis, the width extra is $2.00 
while the fabricating cost is $2.44. 

For a 1-in. thick plate, the width at which width extras 
and fabrication costs balance is about 185 in.; for a 2-in. 
thick plate, width extras and fabrication costs balance at 
about 176 in. 

As Table 2 indicates, the thickness of plate must always 
be considered in determining the optimum plate width 
and the calculation for any given gage cannot be applied 
directly to other gages in the same width. While ^ese 
fabrication costs are acceptable averages for U-68 con¬ 
struction, they will differ for other grades of construction; 
the fabricator should compute his own fabrication costs 
for comparison with width extras to determine the opti¬ 
mum plate width in a given gage, for any grade of con¬ 
struction other than U-68, always being careful to include 
all items of fabrication costs as shown in the Fabrication 
Procedure in Fig. 6. 

Figure 9 shows U-68 fabrication cost per 100 Ib. con¬ 
verted from the stated fabrication cost per foot, for two- 
piece construction and also the width extras per 100 lb. 
The width extras per 100 lb. charged by the steel plate 


industry are shown in the form of steps for widt 
100 in. Fabrication cost per 100 lb. for the 
construction by circumferential welding is sho 
certain gages from Vj in. to 4 in., inclusive. 

The use of Fig. 9 is illustrated by the follow 
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I Fig. 10 

L a two-piece construction by circumferential weld- 
I r mcU 144 in. long and 1 in. thick would require 
HHe? 72 in. wide. As shown in Fig. 9 on the l-in. 

E icationcosts$2.30per 1001b. ($11.GGper 
-piece construction from a plate 144 in, 
olve a width e.xtra of $1.00 per 100 lb. 
mstruction would save $1.30 per 100 lb. in 
, or $26.00 per ton of steel plate used in 
ihell. 

Jiick shell 132 in. wide constructed from 
. wide by circumferential welding, Fig. 9 
cation would cost $3.GO per 100 lb. ($8.51 
e plate 132 in. w’ide would eliminate 
tiaJ seam and involve a width extra cost 
I lb. and result in a saving of $57 per ton 

which a curve crosses the width extra line 
tes the plate width for which the width 
rication cost. On any curve at any width 
■ width extra line, it is more economical to 


exliH and use one-piece cnnstniction, At 



Fig. 11 


any width to the right of the width extra line, it is cheaper 
to weld two plates to form the shell or cylinder providing 
man power is available for the extra shop work and pro¬ 
duction volume is not a major factor. 

Figure 9 shows, where */r\si. thick plates or lighter are 
used, it is always more economical to pay the width 
extra and use one-piece construction, while with 
l-in., 3-in. and 4-in. thick plates, one-piece construction 
is more economical in plate widths up to 185 in. and 1 Vi- 
in. and 2-in. plates up to approximately 180 in. The 
location of these points varies with the fabrication cost 
when grades of construction other than U-68 are used. 

While Fig. 9 is based on circumferential welding, it is 
applicable also to longitudinal welding. As a conse¬ 
quence of the more favorable position in which the 
welding is performed, the fabrication cost for longitudinal 
welding is slightly lower, and the curves in Fig. 9 would 
be somewhat lower for longitudinal welding. Costs for 
U-68 longitudinal welding as compared with circumferen¬ 
tial welding are given in Table 2. 

To simplify the comparison of width extras and fabri¬ 
cation cost, the width extras have been converted to cost 
per foot of length of plate as given in Fig. 10. The 
fabricating costs are shown on the graph by broken hori¬ 
zontal lines at levels corresponding to the values tabu¬ 
lated on the chart for various gages of plate. These 
costs are based on the data given earlier. If a fabricating 
cost differs from the value tabulated, a horizontal line 
should be drawn at a level representing that cost and the 
point of intersection with the corresponding width extra 
curve should be determined. This point gives the opti¬ 
mum width of plate for that fabricating cost. 

With a l-in. plate having a fabricating cost of $11.66 
per foot, Fig. 10 indicates that the width of plate should 
be as great as the design permits up to 1857* in. With 
a 2-in. plate, at a fabricating cost of $19.01 per foot, the 



Fig. 12 


cost crosses the 2-in. width extra curve at a width of 179 
in., indicating that the use of any two-plate construction 
to make up a dimension of less than 179 in. would be more 
costly than a single-plate construction. A single plate 
2 in. thick and 140 in. wide would cost $7.50 per foot for 
width extra. If the fabricator elected to weld two plates 
each 70 in. wide to form the 140-in. wide shell, at a cost 
of $19.01 p)er foot of length, he would be doing so at the 
loss of $11.51 per foot of seam. If the length of the plate 
is in the circumferential direction and the length of the 
seam is 30 ft., the excess cost in fabricating the two-piece 
construction would be $345.30 for the vessel. 

In like manner, a 2-in. thick plate 108 in. wide would 
involve a cost of $0.38 per foot of length for the width 
extra, whereas the fabrication cost for joining two plates 
each 54 in. wide at $19.01 per foot of length would result 
in a loss of $18.63 per foot of length. This illustrates 
the necessity of using the greatest possible width of plate 
that the fabricating cost will permit, if heavy additional 
fabrication costs are to be avoided. 

It will be noted from Fig. 10 that in gages and 
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lighter, and with the fabrication costs given in the chart, 
the one-piece construction is cheaper than the cost of 
fabrication for all widths. In ^/i-in. plate, the one-piece 
construction is more economical up to 190-in. width, the 
1-in. plate up to 185V2 in., the 2-in. plate up to 177 in., 
and the 3-in. and 4-in. thicknesses up to 185 in. 

Curves for intermediate gages may be plotted as de¬ 
sired on Fig. 10. 

An analysis of a recent order for twenty 48-in. and 
twenty 54-in. vessels is enlightening. These shells 
(shown in their finished state in Figs. 11 and 12) might 
have been ordered as follows: 

48-in. Diameter Vessels 

20 Plates 157 Vj x 87 x V/t in. 

20 Plates 157V2 x 85 x iVi in. 

54-In. Diameter Vessels 

20 Plates 176V4 x 91 x l>Vi« in. 

20 Plates 176V4 x 93 x DVi« in. 

After comparison of width extras and fabrication costs, 
the fabricator placed his order as follows: 




Tig. 13 

48-In. Diameter Vessels 
20 Plates 171 x 157Vi x l */4 in. 

54-In. Diameter Vessels 
20 Plates 183 x 170*74 x l*Vi« in. 

With the two-plate construction the extra fabricating 
cost, using the fabricator’s own figures, was estimated to 
average $436 per shell, or a total for the 40 vessels of 
$17,440. With one-plate construction the extra for the 
40 wide plates at width extras of $1.25 per 100 lb. for the 
157V2*in. wide plate and $1.50 per 100 lb. for the 176*/4- 
in. wide plates, and the overweight allowance, totaled 
$9853. By 20 min. calculation, a net saving was ef¬ 
fected of $7587 in the fabrication cost for the 40 vessels. 


■0 V or UCH 
toimait coumt m 


m 

tzo 




! 











6 9.’ 


■ 









1104 










* 

136 

3 1M 

































1 6 96 


1 









1 

_ 











1 3 193 


wm 

■ 






.J 










1 « 100 










1 












l^o 












1 69 1 






























H 

lif. 

7 9J 5 


■ 









134 6 











4 16? 

1 7 96 


■ 







... 

. 1 

1 

1 

112 


1 5 n«4 1 

1 










1 A 1f.O 











r 7 99 4 


■ 








• 

1 116 

1 5 139 2 

■ 

■ 








! 

1 4 174 

■ 





n 



8 90 






_ 



7 U.’S 



6 H 









5 144 



■ ' 






1 


4 lec 



a 

I 8 53 

II 7 106 3 

■ 

a 

■■ 







I 6 124 

II 9 146 6 


j 






II 4 186 


■B 

■ 








■■ 

i 





lt=—^- 


!□ 






- =■ 

- 

- 

- 

- 




EXTRA FABRICATION COST IN DOLLARS 


EXTRA FABRICATKIN COST IN DOLLARS 


Fig. 14—1-In. Gage 


Plotted values of the variation in cost with the number of courses for a 120-in. I.D. shell for lengths from 18 to 64 ft. 

The shell is made of 1-in. gage plate and the cost for a circumferential weld Is taken as $11.66 per foot (U-68 type construction). 

The stated costs include only width extras, overweight allowance and the additional fabrication cost resulting from the use of more 
courses than the minimum nurri>er which is required by the widest available plates. 
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In addition, by eliminating the extra fabricating opera¬ 
tions which would have been required by two-piece con¬ 
struction, fabricating time on the 40 vessels was reduced 
by 5800 man-hours, or the equivalent of a 48-hr. work 
week of 121 men. There results a corresponding increase 
in shop productivity without additional expenditure for 
plant or equipment. 

The simplicity of the construction used in these 40 
vessels, as shown in Figs. 11 and 12, indicates the freedom 
afforded the designer of the vessels in the location of tube 
holes and other openings without interference by a cir¬ 
cumferential weld. 

Multiple-Course Construction 

A similar analysis may be made for a cylindrical ves¬ 
sel in which its length is greater than the widest plate 
which can be rolled, namely 195 in.; in such a case, the 
length of the plate, as rolled, forms the circumference of 
the vessel, and the width of the plate becomes part of the 
length of the shell. For example, the diameter may be 10 
ft. and the length 18 to 26 ft. Two-piece and three-piece 
constructions of such a vessel are shown in Fig. 13. With 
three-piece constructions an additional circumferential 
seam has to be fabricated; the additional fabricating cost 
is shown in Fig. 14. 

A 20-ft. long drum may be made of two courses each 
120 in. wide or three courses each 80 in. wide, as shown in 
Fig. 13. The 120-in. plates save the fabricating cost of 
one seam, and cost a total width extra for the two plates 
of $59.30. With three 80-in. plates, 1 in. thick, the cost 
of making the additional circumferential seam is $11.66 
per foot or a total of $380.93. All figures used herein 
inclifde normal overweight allowances, metal and width 
extras, involved in the overweight. The wide plate con¬ 
struction saves the difference between these two costs, or 
$321.63 per vessel. In addition 127 man-hours have been 
saved in fabricating the vessel with wide plates. 

With increase in the lengths of the shells wider plates 


are required for the two-piece construction and the width 
extra cost may approach the extra fabricating cost for the 
three seams. However, in each case 127 man-hours of 
fabricating time are saved on each vessel by the use of the 
two-plate construction. The maximum width used 
economically for 1-in. thick plate in the two- or three- 
course construction is about 155 in. It is uneconomical 
to use plates under 100 in. wide in any of the combina¬ 
tions. 

The economic advantage of wide plates varies with the 
number of courses used in. a vessel. As the number 
increases beyond three courses, the actual saving in cost, 
effected through the use of wider plates, becomes less. 
This results from the fact that the widest possible plates 
carry high width extras and cost so much that consider¬ 
able fabrication can be done for less than the width extra 
cost. It is nevertheless always true that the use of wider 
plates reduces the man-hours of labor required for fabri¬ 
cation of the vessel, thereby speeding output and increas¬ 
ing production volume and plant capacity without addi¬ 
tional investment in plant or equipment. 

In Fig. 14, the four vessels, varying from 26 ft. to 32 
ft. in length, may be made up of either two, three or four 
courses. The bar charts show the total cost either of 
width extra or of extra fabrication, or a combination of 
both. The three-course construction is then seen to be 
cheapest. An example of the procedure in calculating 
is as follows: The 30-ft. vessel can be made of two 180-in, 
courses, three 120-in. courses, or four 90-in. courses. The 
two-course vessel has a total width extra cost of $651.16. 
The three-course vessel reduces the total width extra to 
$88.95, and the extra seam, at $11.66 per foot for the 
vessel’s 31 ft. 6 in. circumference, costs $369.62, making a 
total of $458.57. The three-course construction saves 
$192.59 over two courses. In the four-course construc¬ 
tion there is no width extra but two extra seams must 
be made at a cost of $758.64. The cost of the four-course 
construction is greater than for two courses, and much 
greater than for three courses. 

Figure 14 also shows the cost for shell lengths from 34 



EXTRA FABRICATION COST IN DOLLARS EXTRA FABRICATION COST IN DOLLARS 

Fig. 15—Vi-In. Gage Fig. 16—2-In. Gage 

The shell is made of Vi-in. gage plate and the cost The shell is made of 2-ln. gage plate and the cost of a circumferential weld is 
for a circumferential weld is taken as $8.51 per foot taken as $19.01 per foot (U-68 t^ construction). 

(U-68 type construction). 

Plotted values of the variation in cost with the number of courses for a 120 in. I.D. shell for lengths from 18 to 32 ft. 

The stated costs include only width extras, overweight allowance and the additional fabrication cost resulting from the use of more 
courses than the minimum number which is required by the widest availaHe plates. 
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to 64 ft. for a diameter of 120 in. and 1-in. gage. The 
selection of the optimum construction is not affected by 
the diameter of the shell since both the total widUi 
extra costs and the circumferential seam fabrication costs 
vary in direct proportion to the diameter. 

The most economical width of plate can be seen from 
these bar charts. For the 50-ft. vessel, the five-course 
construction with 120-in. plates, which require an addi¬ 
tional circumferential seam as compared with the four- 
course construction, is lowest in cost. The four-course 
unit involves a total width extra of $736.44; the five- 
course construction costs $517.87 for width extra and 
additional fabricating cost. The six-course vessel in¬ 
volves an extra welding cost of $739.24 due entirely to the 
cost of the two additional seams plus $36.36 for the extra 
metal involved as overweight for a total of $775.60. 
The sura of $1141.13 for the seven-course unit is the cost 
of the three extra seams. 

Figure 14 shows that the four-course construction is 
cheapest between the lengths of 36 ft. up to and including 
42 ft., and then the five-course type becomes most eco¬ 
nomical. As the length of the vessel increases, the six- 
course structure becomes the cheapest, at a length of 
about 56 ft. and this gives way to a seven-course struc¬ 
ture at about 64 ft. These optimum constructions 
correspond to plate widths between 100 in. and 130 in. 
Increasing the plate width over 130 in. increases the 
width extras more than it decreases the fabricating cost. 
The designer’s problem is to find that combination of 
width extras and fabricating operations which produces 
the lowest cost of construction. 

Figure 14-also emphasizes the fact that plates less than 
100 in. wide are uneconomical for such a structure. 
For 1-in. gage where one or two courses are involved, 
plates up to 185 in. may be used to advantage; where the 
choice of construction lies between two or three courses, 
plates up to 155 in. are most economical; where three or 
more courses are involved, the economical limit is scarcely 
more than 130 in. 

Similar cost data for Va-*n- and 2-in. gage are pre¬ 
sented, in Figs. 15 and 16, and indicate analogous rela¬ 
tionships for vessel construction in these gages. 

Considering the Vs-in. gage and 10-ft. diameter, if the 
choice is between two wide plates and three narrow ones 
(with the fabrication cost of the circumferential weld 
at $8.51 per foot), the three-course construction exceeds 
the cost of the two-course type up to approximately 
175 in. As the length of the vessel increases, the three- 
course vessel is seen to be lower in cost than either 
the two- or four-course construction. As with the 1-in. 
gage the optimum width for three or more courses is be¬ 
tween 100 and 130 in. 

For the 2-in. gage combinations as shown in Fig. 16, 
the trend is similar but the limits in the two- or three- 
course vessel constructions are at a slightly lower plate 
width than either the or 1-in. gages, namely, 140 in. 
Where the length of the vessel may-be made up of two, 
three or four courses from plates of corresponding widths, 
the most economical width does not exceed 130 in. 

The following table summarizes the results for different 
thicknesses of plate and number of courses: 


Maximum Economical Width of Couraa, In. 


Number of Courses 

Vrin. 

Plate 

1-In. 

Plate 

2-In. 

Plate 

1 or 2 

195 

185 

176 

2 or 3 

175 

155 

140 

3 and more 

130* 

130* 

130* 


* Where the saving in man-hours of fabrication time is important, 
these widths may be substantially increased. 


Every combination should use plates over 100 in. in 
width for the maximum economy. 

Saving Man-Hours in Fabrication 

In long vessels constructed of multiple courses, plates 
more than 130 in. wide appear to be at a disadvantage 
if cost figures alone are taken into account. However, 
the other benefits derived from their use, such as the 
reduction of man-hours and of the equipment needed 
for fabrication, may offset the higher cost of wider plates. 
Consider a cylindrical shell 30 ft. long of V*->n. gage. 
It may be made of two plates each 180 in. wide, or three 
plates 120 in. wide with an extra weld seam, or four plates 
90 in. wide with two extra weld seams. For the two- 
course shell the only extra cost is the width extra ap¬ 
plicable to 180-in. plates, in this instance totaling $343.^. 
The three-course shell requires an additional seam cost¬ 
ing $268.49 and has a width extra of $51.96 or a total 
extra cost of $320.45. The three-course shell saves only 
$23.21 in comparison with the two-course shell, but re¬ 
quires 89 more man-hours in fabrication to effect this 
small economy, or two men were employed for a 45-hr. 
week to save $23.21. If these two men had been em¬ 
ployed in the production of additional vessels a greater 
income would be obtained as a result of the increase in 
production. 

In like manner, the 64-ft. long drum of 1-in. thick 
plate shown in Fig. 14 indicates the seven-course com¬ 
bination to be lowest in cost. It is less costly than the 




1 Plate 192 X 130 X */• in- “ $ 18-04 Width Extra 

2 Plates 192 x 60 x Vi in. ■ 1.84 Overweight 

32 Ft. welding at $7.20/ft. = 230.40 Fabrication 


Total $250.28 
Cost of One-Plate Width Extra 122.66 

Net Saving with One Plate $127.62 

Jig. 17 
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Tabl* 3—^Variation of Coat with Width of Plata of Locomotiva Firabozaa 
A Thickness of */• Is AssuAed and a Fabricating Cost of $7.20 per Linear Foot 

Girth, 200 in. 


Firebox 

Length, 

in. 

Single Course 

Three Course 


Size, in. 

Cost 

1 Crown, in. 

2 Sides, in. 

Cost 

108 

200 X 108 X ^ 

$ 4.08 

120 X 108 x^ 

108 x 40 X ^ 

$132.56 

120 

200xl20x^ 

7.89 

120xl20x% 

120 X 40 x % 

149.32 

132 

200xl32x% 

27.88 

132x 120x ^ 

132x40x% 

164.23 

144 

200 x 144 X % 

39.17 

I44x 120x 

144 X 40 X ^ 

179.15 

160 

200xl60x% 

52.70 

l60x 120x ^ 

160 X 40 X % 

199 08 

174 

200 X 174 X % 

68.77 

174 x 120 X % 

174x40x% 

216.50 

192 

200 X 192 X % 

98.12 

192xl20x|^ 

192 X 40 X ^ 

238.88 


six-course vessel by approximately $24 and cheaper than 
the five-course one by about $109. However, compared 
with the four-course construction (which is undoubtedly 
too expensive except under unusual conditions), the extra 
fabricating time is 123 hr. for the five-course unit, 246 hr. 
for the six-course unit and 369 hr. for the seven-course 
vessel. 

The waste of the additional 123 
man-hours needed to effect the saving 
of $24.22 in money by using the seven- 
course vessel is only outweighed in 
careless estimating by the saving of 
$109 at the cost of 246 more man¬ 
hours of fabrication time by failing 
to select the five-course 154-in. wide 
plates. The estimating engineer 
should consult his man-power reserve 
as well as his firm’s ca^ in selecting 
the right combination of plates in the 
design of a vessel. 

One fabricator, by the use of one 
154-in. wide plate instead of two 77-in. 
wide plates, increased his production 
from 15 vessels to 20 vessels per week, 
or an increase in production of 33V«% 
without addition^ investment in men, 
machinery or plant. 

Field Inspection of Joints 


Allowable Overweight of Plates 

The "allowable overweight" of steel 
plates has sometimes been considered 
as an objection to the use of wide 
plates. As the width of the plate in¬ 
creases up to 168 in. the allowance for 
overweight likewise increases. From 
168 to 195 in. the percentage over¬ 
weight allowance remains constant. 

The cost of wide plates is increased 
by this overweight, but this increase 
is a small fraction of the savings in 
fabricating costs and man-hours re¬ 
sulting from the use of wide plates. 
The following example illustrates this 
point in a vessel that could be built 
either of two plates 240 x 144 x V* 
or of three plates 240 x 96 x Vs 
The increased overweight allowance for the two 144-in. 
plates is $20.54, including the base price, quality extra 
and width extra involved as a result of this overweight. 
This overweight cost plus the width extra cost for the 
two 144-in. plates over that of the two 96-in. wide plates 
is $118.48. The extra fabricating cost plus overweight 
for the three-course construction is $178.78. The 144-in. 


Taibl* 4—Variation of Coat with'Width of Plata of Locomotiva Ilraboma 
A Thickness of */% In. Is Assumed and a Fabricating Cost of $7.20 per Linear Foot 

Girdi, 250 in. 


Firebox 

Length, 

in. 

Single Course 

Three Course | 

Size, in. 

Cost 

1 Crown, in. 

2 Sides, in. 

Cost 

108 

120 

132 

144 

160 

174 

192 

250x 108x ^ 
250 X 120 x^ 
250x 132x% 
250xl44x% 
250x l60x % 
250xl74x% 
250xl92x% 

$ 5.09 
9.85 
34.84 

48.96 
65.88 

85.97 
122.66 

130x 108x ^ 
130x 120x ^ 
132 x.l30x% 
144xl30x% 
I60xl30x^ 
174x 130x% 
192xl30x% 

108 x 60x% 
120x60xf^ 
132x60x% 
144 X 60x ^ 
160 X 60 x ^ 
174 x 60xf^ 
192 X 60 X 4 

$133.29 

150.27 
172.07 
187.71 
208.59 
226.81 

250.28 


plates, despite the greater overweight allowance, show 
a net saving of $60.30 per vessel. 


Where welded joints in vessels have to be inspected in Width Extras and Low-Alloy Steels 

the field after certain periods of operation, wide plates, 

by reducing the number of seams, keep such service costs The preceding considerations determining optimum 
at a minimum. plate widths apply equally to plates of low-alloy steel. 

The width extras for such steels are 
somewhat higher in proportion to their 
fabricating costs; the maximum eco¬ 
nomic width is found to be approxi¬ 
mately 10% lower than the carbon 
steels. 


One-Piece Crown and Side Con¬ 
struction in Locomotive Fireboxes 


Wide plates always result in savings 
in money, time and man-power when 
used in the design of one-piece crown 
and side construction of locomotive 
fireboxes. The widest and longest 
plate that can be produced shows 
definite economic advantage in such 
structures. In the usual range of sizes 


Tabl* Variation of Coat with Width of Plata of Locomotiva Firaboma 
A Thickness of */• In. Is Assumed and a Fabricating Cost of $7.20 per Linear Foot 

Girth, 300 in. 


Firebox 

Single Course 

Three Course | 

in. 

Size. in. 

Cost 

I Crown, in. 

2 Sides, in. 

Cost 

108 

300 X 108 x% 

$ 6.11 

160 X 108 X ^ 

108x70x% 

$134.07 

120 

300xl20x% 

11.82 

160 X 120 x^ 

120x70x% 

151.64 

132 

300 X 132 X % 

41.82 

I60xl32x% 

I32x70x 3^ 

182.18 

144 

300 X 144 x^ 

58.75 

160 X 144 X ^ 

144 X 70 x % 

205.74 

160 

300 X 160 X % 

79.05 

l60 X 160 X Yq 

160 X 70 X % 

235.96 

174 

300 X 174 X % 

103.16 

174 X 160 x% 

174x70x|^ 

256.59 

192 

300 X 192 X 

147.19 

192xl60x% 

192x70x^ 

281.13 
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Fig. 18 


the saving by the use of one-piece construction as 
compared with three-plate construction is about $140 
per unit. 

The use of a wide plate up to 102 in. wide and 250 in. 
long requires the handling, rolling and assembling of one 
plate only, while the three-piece construction requires the 
laying out, forming, beveling and welding of two extra 
joints. The cost of such work is always in excess of the 
width extra involved for the wider plate. An example 
is shown in Fig. 17. The extra fabricating cost, over¬ 
weight cost and width extra cost of the three-piece crown 
and side is $250.28, while the one-piece unit involves a 
width extra of $122.66. The net saving with the one- 
piece unit is $127.62, or $50.05 per ton of firebox plate. 

In one-piece crown and side construction the width 
of the plate generally makes up the length of the firebox, 
and the length of the plate develops the girth dimension. 

Tables 3, 4 and 5 show the cost of the single plate as 
compared with the three-plate type with varying girth 
dimensions. In Table 4, for example the crown and sides 
with a girth dimension of 2.50 in. and a length of 174 in. 
can be made from one plate 250 x 174 x ^/s in. The 
three-piece unit requires one plate 174 x 130 x Vs in., and 
two plates 174 x 00 x ’/g in. The width extra cost of the 
one-plate unit is $85.97. For the three-piece unit, the 
extra cost of fabricating plus the width extra for the 130- 
in. plate is $226.81. The net saving effected by the one- 
piece unit is $140.84. In addition, the one-piece unit re¬ 
quired about 75 man-hours less time in its fabrication. 


Plate Widths in Clad Steels 

The use of wide plates of clad steels shows even greater 
savings than with the carbon steels, as both the base price 
of the material and the fabricating costs are higher in 
proportion to the width extras for the clad steels. The 


fabricating costs are increased by the care necessE 
working the clad materials, and by the cost of tl 
cessory metals such as welding electrodes. 

With clad steels, the widest possible plate shou 
ways be used; all known examples show savings. 

A comparison of width extras and welding cos 
10% nickel-clad steel, converted to costs per p)ou 
plate material used, is shown in Fig. IS. For exi 
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All Plates, Rectangular or Othei^’ise 
Applies to plates '/< in. or over in thickness, and when o 
to weight per square foot, not less than 11 lb. 


Widths, In. 
Over 100 to 110, incl 
Over 110 to 115, incl. 
Over 115 to 120, incl. 
Over 120 to 125, incl, 
Over 125 to 130, incl. 
Over 130 to 140, incl. 
Over 140 to 155, incl. 
Over 155 to 170, incl. 
Over 170 to 185, incl. 
Over 185 to 195, incl. 
Over 195. 
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Width Extras—Wida Light Plataa 

All Plates, Rectangular or Otherwise 
Applies to plates under V 4 in. thick or less than 11 lb. per 
foot. 
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with a Va-in. gage plate fabricated iri accordance with 
U-68 requirements at $11.80 per foot, the extra fabricat¬ 
ing cost using two 42-in. plates to make up an 84-in. 
plate by welding would cost $0,078 per pound; a single 
plate 84 in. wide would cost $0,005 per pound in width 
extras. This results in a saving of ^.073 per pound or 
almost half of the base price of the material, in addition 
to the other advantages of time, and man-hours. As a 
further illustration, a single plate 108 in. wide would have 
a width extra cost of $0,010 per pound and the fabricating 
cost to join two 54-in. plates of gage and built by 
U-69 construction would cost almost $0,038 per pound. 
The saving by -using the single wide plate would be 
$0,028 per pound. 



Fig. 21—Rolling a 195-In, Wide Steel Plate on Lukens 206-In. 
Mill, the World's Largest Plate Mill 


Similar curves for stainless-clad steels are given in Fig, 
19. From these it may be seen that a single plate 108 in. 
wide can be purchased for a width extra of $0,015 per 
pound; two narrow plates, 54 in. wide, of gage, 

have a U-69 fabricating cost of $7.37 per foot and would 
cost $0.0509 per pound to join together. The use of the 
wide plate effects a saving of $0.0359 per pound as well as 
the savings in shop time and use of equipment. 


Solid Stainless and Nonierious Metals 

The high-priced solid stainless and nonferrous metals 
show similar savings for wide plates. Figure 20 gives 
data on width extras and extra fabricating costs for 
plates of stainless steels. A single wide plate 84 in. wide 
and Vs-in. gage may be purchased for a width extra of 
$0,01 per pound. Two narrow plates each 42 in. wide 
and welded to form a plate 84 in. wide would cost $0.0469 
per pound for the extra fabrication required by U-69 
construction at $7.41 per foot. The saving due to wide 
plates in this case is $0.0369 per pound. 


194S 


FABRICATION COSTS OF PRESSURE VESSELS 


Digitized by 


Google 


337 









WATER TANK 


Artistic water tanks 
like this 1,000,000- 
gal, spheroidal design 
at Jonesboro, Ark., 
are of welded con¬ 
struction throughout. 
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Procedure Control of Automatic 
Welding Processes' 

By A. E, Bed^ and J. B. Quigleyt 


Introduction 

I T is the opinion of the writers, which we feel sure is 
held by many others, that among the many papers 
that are presented at a meeting of this nature, there 
is a place for at least one that deals broadly in funda¬ 
ments; but at the same time is based upon actual pro¬ 
duction experience extending over a period of years. 
Strictly research investigations confined to a particidar 
problem or to a specific phase of a broad investigation 
are essential to progress, and the pooling of knowledge 
gained thereby is of inestimable value; not only to us as 
individuals but to industry as a whole. 

On the other hand, whether we fully realize it or not, 
the development of a theory into a practical, workable 
and economically sound production method is only ac¬ 
complished by a somewhat analogous series of studies 
and investigations; sometimes greater in scope in re- 
^rds to time, money and brain power expended than is 
required by many strictly research problems. It shotild 
naturally follow that knowledge so gained, often only 
obtainable by the “cut and try” method, will be not only 
of interest but of value to those who have any concern 
in or knowledge of the subject; whether from the the¬ 
oretical or the practical viewpoint. 

That there is an unusual amount of interest in auto¬ 
matic welding processes is unquestionable, and this is 
rightly so. The imprecedented publicity given to weld¬ 
ing accomplishments, both in the technical and nontech¬ 
nical press, during the last few years is but one evidence 
of this fact. Actually, I suppose that the very mass of 
such literattne should discourage anyone from further 
adding to it, but the fact remains that either much of this 
publicity is of doubtful value or it has not been absorbed 
by the right people, because our contacts with many 
persons who should know better have often indicated 
either a considerable lack of knowledge or even an actual 
ignorance of the fundamentals of automatic welding. 

In theory automatic machine welding is not only 
simple, but it has been proven in practice. But, as we ^ 
know from what is often painful experience, there is 
usually a long road to travel before a theory becomes an 
economical and generally accepted practice. A theory 
must be thoroughly investigated, innumerable tests 
made, knowledge gained often at great expense and 
through repeated failures and actual commercial work 
carried out over an extended period of time before it 
can be considered a proven process. But, once this 
stage has been reached, the benefits as well as the 
limitations, of such an art should be a matter of public 
knowledge. 


* PrcaeBtcd Kt the Tweoty-Fiftb Asnael MectbiK, A.W.S., ClevcUnd, 
Ohio. Oct. 16 to 19, 1944. 

t Chief BaBincer and Welding Supervisor, Graver Tank & Mfs. Co., Inc., 
B. Chicago, Ind. 


General Discussion 

Since our discussion is to be confined to such auto¬ 
matic machine welding processes as are suitable for heavy 
plate fabrication of mild and certain alloy steels, all such 
processes may be divided into three general types: (c) 
shielded metallic arc, (6) completely shielded submerged 
arc and (r) carbon arc-shielded. We ourselves have suc¬ 
cessfully used in the past all three of these methods in 
our shops, and are at the present time utilizing two of 
these methods on current production work. 

Time does not permit, nor is it necessary considering 
that probably most of us present are at least super¬ 
ficially famiUar with such welding processes, detailed 
discussion of the design features or the relative merits 
of the numerous commercial automatic welding machines 
that are available cm the market today and that fall 
within one of these three classifications, although nat¬ 
urally differing in construction or operation. We will 
later discuss briefly the outstanding advantages and dis¬ 
advantages of each of these general types on various 
classes of work. 

Both the shielded metallic arc and completely shielded 
submerged arc systems operate on the same fundamental 
principle—that of automatically striking and holding the 
arc between the electrode and the part to be welded. 
Since, with a given electrode and parent metal, the arc 
voltage is a function of the arc length, it is only necessary 
to provide a means of feeding the electrode toward the 
arc at a rate which will automatically compensate for 
the deposited portion of the electrode and a constant arc 
length is thus maintained. 

.Mthough it naturally follows that there are many 
successful methods of .fulfilling this condition, all auto¬ 
matic arc systems must of nece^ty perform three es¬ 
sential duties: (a) feed the electn^e, (b) conduct an 
electrical current into the electrode and (c) provide a 
method of control for striking and maintaining the 
proper arc length. The carbon arc method utilizes 
direct current, usually of the variable voltage type, the 
polarity of the carlmn being negative and the work 
positive. For shielding, the metallic arc process uses a 
coated wire, usually with son^e special provisions for 
overcoming the insulating effect of the coating. The 
carbon arc process has provisions for automatically 
feeding fibrous or powdered shielding material, and the 
submerged uses a bare wire and applies a granular flux, 
the entire welding action taking place beneath this flux. 

In comparing the relative advantages and disad¬ 
vantages of each of these three automatic welding proc¬ 
esses it must be understood that such comparison is 
based only and entirely on experience gained within our 
own shops. It does not nece^arily foUow that the same 
or the relative importance of the various factors will 
hold true elsewhere, as they are dependent upon the 
character and nature of the work to be performed. 
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Fig. 1—Fillet Weld on Flange (Flat Position) Shielded Metallic 
Arc Proceu 


versatility required and other such obvious considera¬ 
tions. 

The shielded carbon arc process is particularly ap¬ 
plicable where the work calls for welds on a production 
basis and where‘the character of the work is reasonably 
uniform. It is satisfactory for aluminum and its alloys. 
Plate preparation is simplified, square-edge plates 
normally being used and hence it is ideal for square butt 
joints. It is advantageous in edge welding, where no 
metal is to be added. No back chipping is required. 
However, this process is limited to plates V 4 in. or under 
in thickness and it is a very difficult one to adopt to fillet 
welding. 

Shielded metallic arc welding, actually being a duplica¬ 
tion of manual welding under automatic conditions, is 
adaptable to plates of any thickness and for most all 
ferrous alloys, and is ideal for single-pass fillet welds up 
to V* in. But it requires the use of coated wire, and 
multiple-pass welding is necessary for plates in excess 
of Vs-in. thickness and thus it is comparatively slow. 
Back chipping is necessajy. 

The submerged arc system can be used either as a 
multiple- or single-pass process and for most ferrous 
alloys. No special plate preparation is required in plate 
thicknesses of Vt in. or less as butt joints are satisfactory, 
and with proper plate preparation no back chipping is 
required under any conditions. Excellent penetration 
can be secured at Mgh speeds. It is successful for light 
or heavy butt joints and on certain typtes of fillet joints. 
It is, however, restricted to joints in a relatively hori¬ 
zontal position; no visual inspection is possible while 
the weld is being made and excess flux must be collected. 

Physical properties of welds made with any of these 
processes meet with the requirements of the A.S.M.E. 


and the A.P.I.-A.S.M.E. codes as well as with all in¬ 
surance inspection specifications. While varying with 
the individual job, as far as our character of work is 
concerned, we have found the shielded metallic arc 
process approximately 20 to 30% faster, carbon arc 
00% faster and submerged arc 80% faster on the average, 
than manual welding. 

As has been pointed out, no one type of automatic 
welding process is the perfect answer for all classes of 
work, even within the scope of our discussion, which is 
confined to heavy plate fabrication. For that matter, 
in spite of all the advantages of automatic machine 
welding in this field, there are still many welding jobs in 
any plate shop that can obviously be more simply, 
quickly and economically performed manually. In 
generaJ relatively long, straight seams, such as the 
longitudinal and circumferential seams of a pressure ves¬ 
sel, can be more advantageously and satisfactorily 
made automatically; whereas smaller connections such 
as built-up fittings, reinforcing plates and analogous 
work is more desirably hand welded. On the other hand, 
some built-up fittings, such as manways, can be more 
satisfactorily automatically welded and Fig. 1 il¬ 
lustrates such a device. 

In order to take full advantage of any automatic 
welhing process, a proper welding procedure must be 
developed. The adaptation of such a procedure is ol> 
viously an individual shop problem. The requirements 
of operation, scope of work, flexibility and machine set¬ 
up for one shop may well not be applicable to another. 
What seems to be a nearly perfect procedure for one 
shop might be inoperable in another location. Never¬ 
theless there are certain fundamental factors which, if 
thoroughly understood and properly weighed, will 
simplify the adaptation of the proper procedure control 
for a given process under its individual operating con¬ 
ditions. 

Perhaps at this point it would be well to define what 
we mean by procedure control. In brief, we consider 
that procedure control of automatic welding consists 
of “the development of a complete and coordinated 
series of operations that will insure a finished product 
of satisfactory as well as commercially uniform results.” 
Such a definition will bear repeating. 

Of necessity, the steps in the development of the pro¬ 
cedure as subsequently discussed are those with which 
we are most familiar and as used in our own plant. Fur¬ 
ther, while based upon experience gained in five years of 
automatic welding, and on all of the automatic processes 
previously described, the actual procedure outlined and 



Fig. 2—Shielded Submerged Arc Procesa. Butt Joint of the 
Double “U" Type Showing Joint Preparation, Unfuaed Flux, 
and Finished W^d 
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Macrograph-Magnification — 2 Diameters (2^/s In. Plate) 


Autcxnatic Submerged Arc Process Double "V" Butt Weld, 4-Pass. 

Fig. 3 

the welds illustrated are confined to our present pre¬ 
ferred method, which is of the completely shielded sub¬ 
merged arc type and as illustrated in Fig. 2. however 
the statements made with of course certain modifica¬ 
tions, would substantially apply to other types of proc¬ 
esses. 

It. should go without saying that it is not our purpose 
or intention of claiming any special virtue for our par¬ 
ticular process or of the procedure control adapted there¬ 
to. But we do feel that possibly the results that we 
consistently obtain in commercial fabrication under our 
particular conditions might be of interest to others. 
Figure 3 illustrates a macrograph of typical welds in a 
2V8-in.-thick mild steel plate. The weld illustrated on 
the left is fully automatic, of four passes, two from each 
side of the plate. The other illustration indicates a 
two-pass automatic weld at the top half and a ten-pass 
manual weld on the bottom half. The conspicuously dif¬ 
ferent results obtained by these two methods are clearly 
shown. 

In our definition of procedure we used the phrase 
“coordinated series of operations." Such coordination 
is absolutely essential among the various departmental 
branches of any fabricating shop and they must, both 
individually and collectively, be not only familiar with 
and responsible for their particular share of the complete 
operation, but have at least a superficial knowledge of 
the various other departments' place in the program. 
There are, at the minimum, seven separate and distinct 
steps in the completion of a good automatic weld; 
usually under the supervision of a different department, 
namely; 

1. Engineering 

2. Planning 

3. Fabricating 

4. Assembly and Fit-up 


B” 

Top Half—Automatic Submerged Arc Propess —2 Passes 
Bottom Half—Manual Welding —10 Passes. 



For plate thickness in excess of 
*/j in. heat needed for complete 
fusion will cause excessive re¬ 
inforcement. 

Square Butt (Double Butt Welded) 

Adaptable on plates V> in. thick or less 



For plate thickness in excess of 
*/< in. heat needed for complete 
fusion will cause excessive re¬ 
inforcement on closed side of 
joint. 

.Single "V” (Double Butt Welded) 

Adaptable on plates V* in. to */< in. thick 



Double "V and “U" (Double Butt Welded 4 Passes) 
Adaptable on plates over 1 in. thick 

Fig. 4—Typical Plate Joint Preparation Automatic Submerged 
Arc Process 
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5. Welding 

6 . Inspection 

7. Maintenance 

The duties of each department are almost apparent. 
But it must be remembered always in automatic welding 
that the responsibility for its success rests in the engineer¬ 
ing and management personnel as well as with the shop 
fabrication men or the welding machine operators. The 
engineering drawings must be clear, complete and cor¬ 
rect; taking into consideration the customers, code and 
all other special requirements of each individual job, the 
welding process to be used and the available facilities 
and limitations of the shop fabricating equipment. All 
subsequent planning and operations must be based on 
the engineering drawings, and if they are not correct or 
complete, the chances are that the Wished job, will not 
be either. 

Planning may be a separate department, or preferably 
a division of the production department. It is their 
responsibility to see to it that the various operations are 
assigned to and coordinated in the proper departments 
in the shop, that suitable equipment and personnel for 
fabrication are available and that a smooth flow of ma¬ 
terials is arranged for. Each job must be followed 
through to completion so that, in case of emergencies 
arising that make it desirable or necessary to deviate 
from the originally planned procedure, an alternate pro¬ 
cedure can be immediately determined upon. 


If a job has been properly engin^ed and planned the 
various shop departments can then devote their entire 
efforts in seeing to it that the material is correctly fab¬ 
ricated in strict accordance with the drawings and as¬ 
sembled and flt up in a way that will insure the best 
possible welding. The welding machine operator, thus 
having assurance that the material has been properly 
prepared and fit up, may concentrate on the operation 
of his machine to the exclusion of all other worries, 
following the procedure previously laid down by the 
welding supervisor for the nature of the work, the ma¬ 
terial and thickness of the plate involved and other 
special considerations. Perhaps more poor welds are 
due to ill-advised diorts on the part of the automatic 
welding machine operator to vary his specified procedure 
in an unsuccessful attempt to compensate for some var¬ 
iable in the fabrication or setup of the work, than to any 
other one reason. 

With the human element as it is, and in spite of all 
planning and precautions, the possibilities of deviations 
in materials, workmanship and automatic welding de|>osi- 
tions are always present, and there is no positive as¬ 
surance that even commercial perfection has b^n reached 
in the completely welded job unless rigid inspection is 
adhered to at all times. This inspection should not be 
confined to the completed job, but followed up during 
every step of fabrication—from the initial layout to the 
last finishing operation. Final inspection by the custo- 
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Fig. 5—Variations in Physical Appearance of Welds Due to Changes in Automatic Machine Set-Up (see text) 
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Fig. 6—Typical Phyncal Test Specimens on Plate Welded by Submerged Arc Process 


mer or insurance inspector shotild only be the confirma¬ 
tion of a job already passed by the fabricator’s own 
insp>ectors. 

Despite correct engineering, proper planning and 
careful workmanship perfection cannot be approached 
unless all equipment used both in the preparation for 
and the welding of the job is maintained in proper 
operating condition. This is especially important in 
these busy days when equipment is worked long hours, 
often with inexperienced help, and repair parts or new 
equipment are difficult to obtain. The fact that it is 
easier to maintain equipment in proper operating shape 
than it is to fix up poor workmanship due to this cause is 
readily apparent, but is often overlooked. 

As far as workmanship is concerned the most important 
step is plate joint preparation. Since the butt joint is 
the one for which automatic welding is most used, we 
shall confine our illustrations to that type. A joint of 
the highest quality is usually required in heavy plate 
welding and such a weld must have full penetration, high 
•efficiency, a crown that is neither skimpy nor excessive 
(usually about Vs in. maximum) -mih easy transition 
into the base metal without undercutting or over¬ 
lapping at the toes, be sound and of good physical ap¬ 
pearances and with good resistance to impact and 
fatigue. 

Figure 4 illustrates our standard method of plate 
preparation. For plate thicknesses up to and including 
*/a in. the square butt joint, double butt welded, is used, 
as shown in A. Were this method utilized for plate 
thicknesses in excess of Vs in. the heat needed for com¬ 
plete fusion would cause excessive reinforcement, as il¬ 
lustrated in B. The single “V,” with double butt weld¬ 
ing and as shown in C, is adaptable for plate thicknesses 
of Vs to */< in., inclusive. Beyond this thickness the 
heat needed for complete fusion causes excessive crown 
on the closed side of the joint, as shown in D. For plates 
1 in. and over in thickness, either the double "V” in E 


or double “U” of F is proper. For plate thicknesses of 
iVs in. or over a maximum of 4 passes are preferred. 
Below this thickness 2 passes are satisfactory. For some 
services the double “U” has the advantage of better 
penetration due to working on an easy curve rather than 
on a sharp “V” at the land. 

With the methods of plate joint preparation illustrated 
no backing-up strip is required. In multipass weld¬ 
ing the first pass, made with limited penetration, is sup¬ 
ported by the “nose” or unbeveled root face of the plate, 
and this weld in turn serves as a backing for the second 
weld of deeper penetration made from the opposite side. 



fig. 7—Bottom Sections oi Reid Erected Bubble Tower Seams 
Automatically Welded 
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Fig. 8—Pressure Storage Tank with Hemisphericed Heads 


Hence, it is important that the unbeveled root face be of 
sufficient thickness to support the first weld, but not so 
thick as to prevent complete penetration and fusion of the 
second to the first. This preparation method also elimi¬ 
nates the necessity of back chipping the first weld be¬ 
fore application of the second deposit. 

The importance of careful and uniform plate beveling 
cannot be overemphasized. Satisfactory results can be 
obtained either by machining or burning, providing that 
modern automatic burning equipment capable of pro¬ 
ducing scarfing with extremely close tolerances is uti¬ 
lized. But no matter how satisfactorily the scarfing 
is done, unless the plate edges are carefully fit when rolled 
or assembled, a uniform kerf is not possible. Raising or 
lowering the heat when welding in an attempt to com¬ 
pensate for poor scarfing or fitting is seldom, if ever, a 
satisfactory answer, resulting, as it is bound to do, in 
lack of uniformity both in penetration and appearance. 

It naturally follows that both the setup and operation 
of the automatic welding machine itself has a vital 
bearing on the quality and appearance of the deposited 
weld. The factors most affecting machine operation are 


the voltage, current input, speed and inclination. Re¬ 
sults of variation in these factors on the physical appear¬ 
ance of the weld are illustrated in Fig. o, which shows, 
both in plan and cross section, nine different welds made 
with the same machine under varying operating con¬ 
ditions. 

Illustration 1 represents a normal weld made in a 
flat position, with suitable voltage, amperage and speed. 
Note that both its appearance and penetration are good. 
Weld 2 was made under similar conditions, except with 
high voltage. As can be seen, it has but light penetra¬ 
tion and its appearance is only fair. Weld 3 was made 
under ndrmal conditions, except for voltage, which was 
low. While its penetration was excellent, its appear¬ 
ance is poor and the crown excessive. Illustration 4 was 
deposited with all conditions normal except for amper¬ 
age, which was low. Notice that while its appearance 
is good, its penetration is poor. Weld 5, made with high 
amperage but with other conditions normal, indicates 
a weld that has good appearance and penetration, but 
poor proportion and excess deposition. 

Weld G, made at high speed but with all other con- 



Fig. 9—Typical Automatically Welded Pressure Vessel 
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psi. The large bend test shows 
over 100% elongation in the outer 
fibres, wWle bo^ small bend tests 
show over 50% elongation. Nick 
bend test indicates sound metal 
throughout. The 0.505-in. tensile 
test of all-weld-metal shows approxi¬ 
mately 64,500 psi. with 32.5% 
elongation in 2 in. and yield in 
excess of 37,300 psi. Figures 7, 8, 
9 and 10 show typical vessels in 
which the excellent physical appear¬ 
ance of automatic welds is apparent. 


Conclusions 


Fig. 10 

ditious normal, has good appearance and penetration, 
but deposit is light. Illustration 7, made at slow speed 
with other conditions average, indicates excess deposit 
and poor proportions, although its appearance is good 
and its penetration fair. The last two welds were made 
with other conditions satisfactory, but at an incline. 
With a slight up incline, as shown in Fig. 8, excellent 
penetration with fair appearance is obtained, but with a 
slight down incline neither the penetration nor appear¬ 
ance is satisfactory as indicated by Fig. 9. 

As with any automatic, and necessarily somewhat 
intricate piece of equipment, correct operation of the 
welding machine is dependent in a large measure upon 
the equipment pertaining to it. The nature of the neces¬ 
sary electrical work demands more than just the average 
electrician. Operation of the mechanical equipment 
should be such as to approach perfect precision. How¬ 
ever, with a proper appreciation of these requirements 
and by close application of the procedure steps pre¬ 
viously discussed, welds of excellent character may be 
made. 

Typical test specimens are shown in Fig. 6. Both the 
large and small tensile tests pulled in excess of 61,000 


1. All automatic machine weld¬ 
ing processes have certain advan¬ 
tages and disadvantages, and auto¬ 
matic welding itself is not a cure-all 
for every welding problem, as there 
are still many services for which 
manual welding is more desirable. 

2. Automatic machine welding, in the fields for which 
it is applicable, is better, faster and more economical 
than manual welding. 

3. In order to take full advantage of any automatic 
welding process, a proper welding procedure must be 
developed, but such procedure is an individual shop 
problem. 

4. While the procedure control will necessarily vary 
with the type of process adapted and the actual fabrica¬ 
tion requirements of a particular shop, certain funda¬ 
mental factors invariably apply. 

5. The responsibility of successful automatic weld¬ 
ing rests in the engineering, planning and management 
personnel as well as with the operating personnel. 

6 . All departmental responsibilities and activities, 
from initial engineering to final inspection, must be 
planned and coordinated; but with suflUcient elasticity 
to permit changes in procedure when actual conditions 
warrant it. 

7. Physical tests on a properly deposited automatic 
machine weld are better in most respects than of the par¬ 
ent metal. 


Starting Inside Cuts on Stacks 

By N. L. Lindsay* 


A LITTLE trouble is sometimes encountered in 
stack cutting, in those instances where the de- 
. sign calls for holes to be cut inside the shape. It 
is common practice to drill a hole about in. in diame¬ 
ter in the scrap section of the stack and start the cut on 
the edge of this drilled hole. In some ways, this is more 
difficult than starting a cut on the outer edge of the 
clamped pile, since the small diameter of the hole makes 
it unhandy to file a vee or run a welding bead down the 
edge. In addition, if the stack is made up of light plate 
or sheet material, sufficient preheat to start the cut may 
warp the top layer or two and prevent the cut from pene¬ 
trating the stack. A company engaged in making chair 


seats for military vehicles recently devised a procedure 
that overcomes all of these difficulties. 

Staggered Edge Alignment 

These shapes are cut from 10-gage sheet steel, nine 
pieces to a stack. The design is shown in Fig. 1. Four 
®/8-in. starting holes are drilled in the scrap at the loca¬ 
tions shown in the sketch. T-handled pins are inserted 
in two of these holes and the stack is slipped laterally by 
pushing the pins in the opposite direction from the start¬ 
ing direction of the cut. This staggers the sheets, as 
shown in Fig. 2, so that the cut can start in the top sheet 


* Dominion O x yg en Co. Ltd., Toronto, Ont. 
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chine motor is started. This procedure provides a pre¬ 
heated edge for a “flying start’’ at exactly the point where 
it is desired that the cut begin. The whole operation is 
accomplished so quickly that the stack does not have time 
to absorb enough heat to cause any warpage in the top 
sheet. Once ^e cut has been started, ^e operating 
technique is practically the same as for cutting solid 
material. When all the required inside cuts have been 
made in the stack, it is a simple matter to cut*the outside 
line and complete the shape. 

The T-handled pins with which to shift the stack to 
obtain the staggered alignment of the sheets should be 
made the same size as the starting holes. They should 
be ground flat on two sides, as shown in Fig. 3, to provide 
clearance. This combination of close fit with just 
enough clearance insures perfectly aligned edges. 

Prepeiiation for Stack Cutting 



Fig. 2—Stack Should Be Slipped to Stagger the Sheeto, 
Each Edge Projecting Slightly Over the One Below 


first and gradually penetrate through to all the sheets in 
the stack as the blowpipe advances. 

Control of the Preheat 

This technique eliminates any wa^age of the top sheet. 
Before the cutting machine motor is turned on, the pre¬ 
heat flames are moved about Vs in- onto the work. After 
a short pause, depending on the thickness of the layers 
and the size and number of the preheat flames, the nozzle 
is moved back over the drilled hole, the cutting 03tygen is 
quickly turned on, and at the same time the cutting ma¬ 


Four preliminary steps should be taken before starting 
a stack-cutting job: (1) the surfaces should be thoroughly 
cleaned of all dirt, mill scale, rust and paint; (2) the 
pieces should be carefully stacked with respect to their 
edges; (3) they should be securely clamped—tightly 
enough so that no spaces exist between the layers; and 
(4) any entrapped air should be released from between 
the plates by pounding along the line of cut with a ma¬ 
chinist’s hammer or a mallet. Where a cut can be 
started at the edge, the sheets may be stacked either in 
even vertical alignment, or staggered so that each projects 
slightly over the one below. If these simple rules are 
observed, no more difficulty will be experienced in stack 
cutting than in cutting solid material. 



''— VS'fn. c/rill ho/es 

Fig 3—Two Pini, th« Sam* Sis* as tha Holaa bat Flattanad 
OB Two Sidaa, Ara Uaad to Shift tha Shaati 
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Production Planning for Welded Ship 
Construction with Paper and Plastic* 


S INCE the beginning of shipbuilding 
generally ships have been constructed 
by the piece-by-piece method. However, 
due to the urgency of increased ship pro¬ 
duction, shipbuilding has progressed from 
piecemeal construction to a production- 
planned program where the art of building 
steel ships has entered a new era. 

The new design ship which we are now 
building is designated as the Cl-M-AVl. 
This is a cargo type ship, 326 ft. long, 50-ft. 
beam, 6240 displ^ement tons and powered 
by a Diesel engine. 

With the aid of a scale plastic model 
which has been lofted to exact measure¬ 
ments, all parts of this ship have been care- 


* Presented before the November Meeting, 
Los Angeles Section. A.W.S. Pr«>sred by 
Messrs. Jack Reid, George Whichelo, Lee Cline, 
John Rodriques and B. G ar wood, all with the 
Umsolidated Steel Corporation’s Loo Angeles 
Shipbuilding Division. 
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fig. 1—Inner Bottom Unit Showing Grids, Bottom Shell Rates and Tank Top Plating 



Fig. 2—Two Complete Unite in Podtion Ready to Be Tacked and 
Welded Together on Ways 


Fig. 3—Aft Peak Section After Being Taken Out of Jig and 
RMdy to Be Transported to Ship on the Ways 
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fully planned and an erection program out¬ 
lined. 

This plastic model has 54 unit assem¬ 
blies which represent the ship structure. 
Since it is scaled to size and shape, it is 
studied by all production forces to acquaint 
them with the planned numerical sequence 
by which the sections will be erected. The 
method of erection involves a blending of 
the three allied operations; namely, 
erection, fitting and welding. Each unit 
subassembly or general ufiit assembly is 
fitted and welded according to the erection 
sequence schedule. This type of organized 
planning eliminates interference of the 
various crafts; also, material distribution 
can be carefully checked and approved be¬ 
fore actual work has begun on the skids. 
Subassembly skids are laid out and each 
erection imit is assigned to a definite 
location for construction. 

Planning of this type also eliminates 
confusion and the resultant work stoppage 
before fabrication difficulties are encoun¬ 
tered, and only in this manner can the 
work be organized into a harmonious pat¬ 
tern. With the plastic model as a guide, 
al] welding can be laid out for utmost effi¬ 
ciency for both subassembly units and jigs 
with the objective in mind to do as much 
welding as possible in a down-hand posi¬ 
tion whether it be manual or automatic. 

In order to familiarize supervisors with 
the construction of the ship, classes are 
conducted by competent instructors to ex¬ 
plain the various phases of construction 
and thus enable each supervisor to know in 
advance of construction exactly what 
operation he is to perform. The instructor 
uses the plastic model in his classes so that 
each supervisor can visualize what he is to 
do and how the ship will look upon comple¬ 
tion. 

With the foregoing advanced knowledge 
and information in regard to the ship's 
structure, it has been possible to almost 
double the amount of automatic welding 
that has ever before been attempted on 
this type of ship construction. 

To give the reader some insight into the 
tremendous amount of time and money 
that is saved by the use of automatic 
welding, we quote you the following figures 
which we have obtained from our own ex¬ 
perience in automatic welding: The Cl- 
M-AVl type of ship requires 110,000 ft. of 
welded joints for the hull structure only. 
Of this amount of welding 81% of the total 
hull structure is being welded on our sub- 
assembly skids. Of the total hull structure 
welding, 36% is made by automatic weld¬ 
ing. In interpreting these percentages 
from a production and welding cost stand¬ 
point, it Cleans that we can run 7 ft. of 
automatic butt welding on Vs-in. plate 
while only making 1 ft. by manual welding. 

In addition, we have also eliminated a 
great many man-hours in plate edge prep¬ 
aration by using the square-butt joint 
preparation which requires no beveling or 
back-chipping which is necessary in 
manual welded joints. We have also util¬ 
ized the automatic fillet welder to great 
advantage thereby speeding up produc¬ 
tion on structural members requiring fillet 
welds. Our ratio for automatic fillet weld¬ 
ing is 3:1 over manual welding; while our 
manual operational standard for flat hori¬ 
zontal fillet welding has a ratio of 2:1. 
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Fig. 4—Front View of Fore Peak After Being Taken Out of the Jig and Ready to Be 
Fitted and Welded to Ship on the Ways 
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(Two feet of flat horizontal fillet welding 
for the same time it requires to run one 
foot of overhead horizontal fillet weld.) 
This means that every foot of overhead 
welding which we can position automati¬ 
cally cuts operational costs 50%, and re¬ 
quires one-half the man power. 

Of the 50,000 ft. of manual welding as¬ 
signed to our skid welding operations, 80% 
will be done in a flat horizontal position. 
Economically, this is important from a 
cost standpoint and also from a production 
standpoint since it is easier and faster to 
weld in a flat position than any other posi¬ 
tion. By placing as much structural work 
as possible in a flat position the automatic 
welding process may be employed to good 
advantage. 

Curvature of steel members when made 
into large sections has also been taken into 
consideration and even on these sections 
we are still able to employ the automatic 


welding process. To accomplish this we 
have designed and constructed a series of 
jigs which consist of a male and a female 
jig for fitting and welding one side and a 
table-type positioner for welding the oppo- 
site^idc. The fitting jigs are mounted in 
such a position that they can be rocked 
from side to side. By operating the jigs 
in this manner the seams are kept in a 
flat position. The table-top type of jig is 
operated on a central axis so as to be posi¬ 
tional at any angle. 

Since each unit of the scale model is 
made to the exact size and shape as the 
final assembly of the actual ship construc¬ 
tion, each steel member that will be welded 
together can be laid out for correct welding 
sequence. Thus, as near as possible, a 
stress-free, all-welded ship can be built. 

Our sequence for fitting and welding all 
structural members plays an important 
part in our welded construction program. 
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horizontal position except on the ends of 
the D strake where the shell plate curves 
upward to meet the tank top. Using the 
above operational sequence we are able to 
weld 95% of the total inner bottom struc¬ 
ture in a flat position. The completed 
unit is now ready to have the piping in¬ 
stalled. 

While the inner bottoms are being |>osl- 
tioned and welded, the side shell is fitted 
and automatic welded on another skid. 
The shell plates are laid down in a flat 


Tig. 5—Side View Showing Fore Peak Section in Position Ready to Be Tacked and 
Welded to Adjoining Section on Ways 


Since one of the greatest difficulties en¬ 
countered in all-welded ship construction is 
distortion and residual stress due to weld¬ 
ing, there is probably more thought and 
critical analysis given to welding sequence 
procedure than any other single operation. 

Plans are prepared for fitting and weld¬ 
ing each individual unit. We have gone 
still further by analsrzing and breaking 
down each unit into the total lineal feet 
of automatic and manual welding required, 
type of electrode to be used, size of weld, 
type of joint preparation and number of 
fitting and welding man-hours required to 
complete each unit. 

In order to illustrate more clearly our 
operational procediu'e for erection, fitting 
and welding we start with the inner bot¬ 
toms (Fig. 1) which probably have more 
welding than any other single unit. In 
order to facilitate welding with a minimum 
of handling a separate positioner was con¬ 
structed. This positioner is composed of a 
flat, table-top jig on which all the floors, 
girders, intercostals, etc., are fitted. The 
table is then raised to a vertical position 
which makes welding possible in a flat 
horizontal position. While this assembly, 
or grid as it is called, is being positioned 
for welding, the tank top plates are being 
fitted and welded by the automatic weld 
process on a nearby skid. At the same 
time these two operations are being fabri¬ 
cated, the bottom shell plates are being 
fitted and automatic welded in two sub- 
assemblies; namely, the A and B strakes 
are welded on one skid while the C and D 
strakes are welded in a positioner. 

After tlie grid assembly has been com¬ 
pletely welded, it is placed on the tank top 
plating and fitted and welded manually. 
The unit, now composed of the grid sec-‘ 
tions welded to the tank top, is turned over 
and welded to the shell plate assembly. 
The unit is now completely welded and all 
welding has been accomplished in a flat 


position and sdter one side has been welded 
automatically, the main frames, web 
frames, stringers, etc., are welded to the 
side shell plating. At this point we use our 
automatic fillet welder to good advantage 
by welding the heel side of the frames 
automatically and the toe side of the 
frames manually using the intermittent 
type of manual weld. It is well to note 
that we do not tack frames to shell on toe 
side but use a production welder working 
with fitter who makes the intermittent 
chain weld at the time the beams are fitted 
to the shell thus eliminating tacking time. 

The unit is then turned over and the 
outboard side of the side shell is welded 
automatically. In our welding procedure 
on this type of welding we begin at the 
mid-point of the assembly and progress 
outward working forward and aft, and port 
and starboard simultaneously. Also, on 
our 2nd Deck and Main Deck sections we 
follow the same fitting and welding se¬ 
quence; namely, laying the deck plates 
down in a flat position, welding automati¬ 
cally the butts and seams, fitting and weld¬ 
ing the deck beams, longitudinal and trans¬ 
verse girders, etc., to the deck plating and 
using our automatic fillet welder wherever 
possible. 

You will note that in our fitting and 
welding sequence we are always working 
out toward the open ends of each individual 
unit, thereby insuring a minimum amount 
of distortion and locked-up' stress. In 
other words, our individual welded struc¬ 
tures are as stress-free as is possible for 
any welded structure to be. 

After the inner bottoms, side shell, 2nd 
Deck and Main Decks, (Fig. 2) are com¬ 
pletely welded as individual units, they 
are fitted and manually welded together 
into one complete unit. 

When two such units are completely 
welded they are ready to be welded to¬ 
gether in accordance with the erection se- 


Fig. 6—Superstructure Completely Welded Into One Complete Unit on the Skids and 
Ready to Be Transported to the Ship on the Ways 
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queuce schedule. Our welding procedure 
for joining two such large sections is unique 
in that we tack the two structures to* 
gether; inner bottoms, side shells, longi* 
tudinal girders and decks. We place our 
welders in such a way that the transverse 
butts and vertical butts that join the two 
units together will be manually welded 
simultaneously and thereby eliminating as 
much as possible both distortion and re¬ 
sidual stress. 

The Aft Peak Assembly (Fig. 3) pre¬ 
sents an interesting problem and one which 
we have worked out with success. This 
particular section is also fabricated in 
special jigs. The stem fnune is set in the 
jig first. Meanwhile, beams, girders and 
main frames are welded in a fiat position to 
the underside of the deck plating. When 
each unit has been welded and is now com¬ 
plete with plating, beams, girders and 
frames, the units are placed in the stem 
frame jig in order of their erection. This 
makes welding on the top side of the plates 
possible in a flat position. After the 
frames have been welded to the stem 
frame, the shell plates are fitted and welded 
to the stem frame structure in assembly 
sections. The complete stem frame unit 
is then taken out of the jig and placed on 
the ways ready for final welding to the 
adjoining section of the ship. In this sec¬ 
tion, also, the two units are tacked to¬ 
gether and then production welded 
throughout ihe transverse and vertical 
butts simultaneously. 

The Fore Peak Section of this type of 
vessel (Fig. 4) is also constmcted in a jig. 
The ForecasUe Deck, Main Deck, 2nd 
Deck and stringers are fabricated in a flat 
position on the skids using the automatic 
weld process on all plates and the auto¬ 
matic fillet welder on beams in conjunc¬ 
tion with manual welding. The beams are * 
welded to the deck while the deck plates 
are in an inverted, fiat position. The 
frames are then welded to the deck sec¬ 


tions and stringer plates and the unit is 
then turned right side up and transferred 
to the assembly jig and welded to the stem. 
The ends of the frames are then welded 
to the decks which completes the stmc- 
tural welding of the Fore Peak. The shell 
plate is then fitted to the frames the same 
as in the Aft Peak and the unit b then 
ready for way erection. 

Figure 5 shows the Fore Peak Section 
ready to be welded together to the adjoin¬ 
ing section of the ship on the ways. These 
two sections are completely tacked to each 
other—flat keel, stringers, 11 ft. 0 in. fiat, 
2nd Deck, Main Deck and Porecutle 
Deck. 

Welders are again placed in such a posi¬ 
tion that the transverse and vertical butts 
joining these two sections are welded to¬ 
gether simultaneously, thus reducing to a 
minimum stress and dbtortion due to ex¬ 
pansion and contraction of the steel struc¬ 
tures. (Note: Using thb procedure all 
welds are shrinking in the same direction, 
thus, minimizing welding stress.) 

Economy in man-hours and production 
costs has been inculcated in fabrication of 
the superstmcture (Fig. 6). The side sec¬ 
tions are laid out in a flat position and 
automatic welded using square butt joint 
preparation. The radius comers of the side 
structure are the only members that are 
welded manually. The plating of the 
various decks is welded automatically on 
the skids. As on our previous deck as¬ 
semblies the deck beams, girders, etc., are 
welded to the plates using both the auto¬ 
matic fillet welder and manual welds. 
When the deck sections have been com¬ 
pletely welded, the superstructure side 
sections are then placed on the deck and 
welded to the deck in a flat horizontal 
position. Each superstructure deck fol¬ 
lows the same procedure until the whole 
superstructme unit, is complete. The 
whole stmcture, as shown in Fig. 6 is then 
raised by two gantry cranes gmd lowered 


in place on the Main Deck of the ship on 
the ways. The final welding is made be¬ 
tween the superstmcture deck and the 
Main Deck. 

The ship on the ways (Fig. 7) now has 
been completely* welded even to the masts 
and spars and b ready for launching. 

In describing the model and the actual 
fabrication of the steel stmcture on the 
skids and ways, it b well to note that each 
unit has been fitted and welded together 
separately and then put into final assem¬ 
blies and welded before it is welded into 
the final ship stmcture. 

By efficient organization and planning 
of the various assemblies, each individual 
section has been fitted and welded in such 
a manner that when the welding was com¬ 
pleted the stmcture had an infinitesimal 
amount of stress and distortion. 

Scheduled erection b the power house 
for ship coDStmction and is essential in 
keeping erection, fitting and welding pro¬ 
cedures under constant control. Only 
when welded stmctures are erected and 
fitted to a proper sequence for welding can 
weld failures be checked. 

Constmction of a plastic mode] prior to 
actual ship constmction on the skids and 
ways conserves the use of critical material 
and man power and enhances their value 
from both the standpoint of economy and 
safety in that specuiUzed crews and tech¬ 
niques can be developed and valuable 
space can be better utilized. More im¬ 
portant still a definite basb of ship con¬ 
stmction b evolved and production of com¬ 
pleted ships b increased and the resultant 
b the delivery of ships ahead of schedule. 

If the effort of the Consolidated Steel 
Corporation has proved anything in this 
war’s shipbuilding program, it has demon¬ 
strated the ingenuity of our designers, engi¬ 
neers and production men in making steel 
ships by the way of unit assemblies to 
form the very backbone of production. 



Fig. 7—Cl-M-AVl Cargo Ship with Units Completely Welded on Ways and Ready for Latmching 
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Organized Fitting and Welding in 

Shipbuilding* 

By Milton Forman^ 


I N the past, there existed a marked tendency in the 
construction of all-welded ships to deal with welding 
problems and welding technique as though they were 
IKoblems of the Welding Department alone. Therefore, 
when welding procedures and sequences were developed, 
they usually remained the exclusive property of the weld¬ 
ers and the Welding Department. 

As experience acomiulated, it became more evident 
that goc^ shipbuilding practice must include as a pre¬ 
requisite, complete and thorough knowledge of welding, 
welding design and good welding practices. In the build¬ 
ing of all-welded slups, the intimate knowledge of these 
welding principles is the cornerstone for good shipbuild¬ 
ing practice. The Ingalls Shipbuilding Corp., built on 
the prospective of building all-welded ships, is absorbing 
this concept from a fundamental point of view. For as 
Mr. R. I. Ingalls Sr. so aptly put it, “we must build all- 
welded ships in the postwar period which are stronger, 
better, faster and cheaper.” And it is only by fully 
understanding and utilizing the advantages of weld¬ 
ing that this can be done. 


Fitting and Welding 

It has been truthfully stated that a ship cannot be 
welded either properly or in sequence, if the fitting is not 
done both properly and in sequence. This is a problem 
which must- be resolved in ^e building of better all- 
welded ships. 

Planning 

In many yards it is also quite evident that very fine 
planning exists in the top offices, and it is also just as 
evident that this planning is not felt in the work of the 
Leaderman and the crews. This is another problem 
which must be resolved in order to decrease cost and in¬ 
crease efficiency. 

Planning vs. Work as Usual 

It has also happened that when a sequence is de¬ 
veloped and presented, some supposedly “production”- 
minded people raise the hue and ciy “the sequence holds 
up our production”; “the sequence increases cost.” 
These confusing cries are raised only by those who see a 
sequence as something foisted upon them from the out¬ 
side and then, that its execution wiU be policed by an 
outside agency. To them, it is a burden, just as a tool 
is a burden to a man who does not know how to use it. 

Praeated before Mobile Section of Ajhucan Wbloino Soobty, Oct. 13| 
PeaaigouU Section of Ambucam Wbldino Soobty, Nov. 38, 1944. 

t welding Engineer, Ingnlla Shipbuilding Corp., Pnecagoula, Miae. 


They prefer haphazard work to planning and organiza¬ 
tion. These same people will claim that it is impossible 
to plan because there is a shortage of labor. Yet when 
labor is scarce, it is planning which is most necessary if 
production quotas are to be fulfilled. Conversely, when 
labor is plentiful, organization and planning are the pre¬ 
requisite to prevent wasting valuable labor. 

Development of Sequence 

It is with these problems in mind that we developed 
our fitting and welding sequence. 

We fiirst made a study of the planned flow of ma¬ 
terials and the erection sequence; and coonlinated the 
Fitting and Welding Sequence so that it naturally flowed 
from ^e above, for a sequence can be followed only if it 
becomes an integral part of the planning and construc¬ 
tion of the vessel. It must never become a burden for 
the - Supervisor. It must not depend upon policing for 
its success. It must be executed through planning and 
should actually facilitate the organization of the work. 
In such a manner it coordinates the fitting and welding, 
and becomes the instrument for increasing efficiency and 
decreasing cost. 

Next, we broke down and analyzed all the main hull 
structure, listing convenient work units for fitting and 
welding. The work units were listed in prop^ ofder for 
fitting and welding, using as a basic standard, good weld¬ 
ing practice and the need of keeping the shrinkage stresses 
to a minimum. The port and starboard sides were 
naturally to be completed simultaneously and each unit 
of work was to be completed 100% before progressing to 
another unit. 

Production Problems 

Careful consideration was given to the special produc¬ 
tion problems of the yard and the work was presented to 
help eliminate these problems. All tanks were to be 
completed as soon as possible so that the testing could 
easily be completed in way of launching. Where cer¬ 
tain welding had to be done in way of fitting, the welding 
was requir^ to be completed first. In other words, the 
best practices achieved through experience for completing 
the ^ip, were listed in order and shown in black and 
white on simple isometric drawings. 

The sequence for the operations and coordination of the 
Fitting and Welding Departments, was detailed and con¬ 
crete. Yet it remained flexible so that special condi¬ 
tions which arose could be met. But they were to be 
met in an organized way. 

In order to guarantee that the best possible welding 
practices were followed, specific welding procedures were 
included to meet all possible conditions. 
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Isometric Drawings 

We developed isometric drawings to cover the ship in 
the following manner: 

1. The shell was treated separately and divided into 

six fitting and welding units. 

2, The ship’s structure was reduced to eight sections 

represented by two drawings each; one from 
the flat keel to the second deck and the other 
from the second to the shelter deck. In addi¬ 
tion, each major section of structure, decks, 
foundations, framing, etc., was detailed in spe¬ 
cial drawings. 

Wherever special joint preparation was required, they 
were shown in detail on the drawings. 


Weld Sizes 

Also, in order to facilitate the marking of weld sizes, 
full information of weld sizes was included on all the main 
structure. In the process of analyzing the weld sizes, we 
were able to reduce thousands of feet of welding and 
eliminate thousands more. The standard for this Auc¬ 
tion was to, at least, maintain the minimum strength 
required but to eliminate and reduce welding wherever 
possible. We achieved considerable decreases in weld 
sizes at such welding as frames to shell, collars, brow 
plates, cargo battens, miscellaneous bulkeads, etc. This 
not o^y saved considerable money but decreased dis¬ 
tortion, especially in lighter plating. One of the most 
valuable savings in welding was that much of it was 
eliminated in inaccessible places. In some cases, a 
change of joint design did the trick. 


Footage 

With the breakdown of the units of work as already 
indicated, it naturally followed that the footage for each 
unit could be easily computed with size and position 
listed. This breakdown of footage not only facilitates 
the disposition of men to jobs, but can be invaluable for 
the Cost Department in the setting of incentive rates. 


Sequence in Practice 

With such a breakdown of the ship, a few simple steps 
taken by the Production Departments make it a real 
instrument for increasing efficiency and guaranteeing 
that the work proceeds in sequence. These steps are: 

1. A meeting held once a week with the fitter and 

welder foremen. 

2. Each fitter boat foreman submits a list of what he 

intends to release for welding. The list is to 
be drawn up from the production needs of the 
ship and it conforms to the sequence already 
laid down. 

3. The welder quartermen list what they expect to 

complete on each ship. 

4. Wherever welding or fitting is required in way of 

future work, the above should be completed. 

5. The night welding foreman attend and develop 

his work orders from the schedule already laid 
out. 

The results of this meeting, therefore, represents the work 
plan for the week, for fitters and welders. 
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Fig. 2—Detail of Fitting and Welding Group No. 5 Showing Welding Sequence, Welding Joint Details and Footage Breakdown for Various Thicknesses of 
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-—1 of lanarbottom Hold No. 4 Showing Sequence. 
Unbvn Encircled Coniorm to Those in Fig. 4 


Fig. 6—Innerbottom Floors Showing Welding Details 


FITTING AND WELDING IN SHIPBUILDING 


boat foreman and welding quarterman received 
of the Fitting and Welding Sequence. A special 
■ be provided with four columns which would be 
to the legend of the units of work. The form to be 
cff as work is completed. 


Dete Fitting 
Inspected 


Date Welding 
Completed 


Date Welding 
Inspected and 
Passed 


Sequence Helps Organize Work 

In such a way, the sequence must be followed because 
it is the instrument for organizing the work. It does not 
have to be policed. Emergencies, shortages of materials, 
etc., can be met as part of the process of organizing work. 
They can be foreseen and are no longer emergencies. 


4ai we are inspecting our fitting before welding 
We that this will not only result in a better job, 
in a decrease in over-all cost. 


4 — I»metric Drawing Showing Fitting and Welding Sequence for Hold No. 4, Flat Keel to 2nd Deck. 
Each Number Represents a Homogeneous Work Unit and Is Listed in Legend 
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Fig. 7—Welding Sequence, 3rd Deck, Hold No. 4 Showing 
Weld Sizes 






Fig. 9—Welding Sequence, 2nd Deck, Hold No. 4, Showing 
Weld wes and Special Joint Detail 


Therefore, the sequence which is concrete and complete, 
becomes flexible. Where special welding conditions 
arise, the welding sequence and procedure can be revised 
to suit the conditions. Such planning can reduce the 
movement of workers and pickup. 

The sequence can obviously be used as an instrument in 
training new Supervisors and helping them organize their 
work. 

Quality 

Although it is true that better organization of work in 
itself can help quality, a few words should be said relative 
to improving the quality of our work. Up to now, we 
have been very proud of the job we are getting, both from 
the point of view of cost and quality. Yet, if instead of 
resting on our laurels, we emphasize our shortcomings, 
analyze their source, we can produce an even finer and 
cheaper product. 



Fig. 8—Welding Details, Frames, Hold No. 4 



Fig. 10—Method of Stopping Multi^e Pass Welds in Order to 
Insure Good Tie>in 



Fig. 11—oi Local Notch Effects in Burning Which Is InstTU'> 
mental in Developing Fractures. We Are Placing Great Em* 
pbasis in a Drive to Eliminate This Type of Notch Effect 



Fig. 12—The Exchequer, the First 100% Welded Cargo Pas¬ 
senger Ship in the United States Built by Ingalls. Being 
Operated by the U. S. Navy as a Seaplane Tender 
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Fig. 13—The Sea Perch Built by IngaUs, Being Operated aa a 
Troop Transport. All Ships Built by Ingalls Are 100% Welded 


There is an opinion that a conflict exists between cost 
and quality, that one must be sacrificed for the other. I 
believe we can safely say that this holds true less in ship¬ 
building than in almost any other industry. 

First, poor quality, both in welding and fitting, always 
ends with pickup and rework, and the same small saving 
accrued by doing a slovenly job, is always disproportion¬ 
ate to a job done correctly in the first place without pick¬ 
up and rework. This is especially true of platen work 
vs. hull work. In addition to being more costly, the 
finished job is always inferior. 

For these reasons, a concerted drive has been launched: 

1. To make our drawings and our templates abso¬ 

lutely accuratef 

2. To make our fitting better with special attention to 

proper edge preparation. 

3. To improve the quality of the burning in order to 

eliminate local notch effects. 

4. To further emphasize the deposition of sound 

welds. 
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The prevalent opinion concerning the fractures in 
Liberty ships emphasizes good workmanship as the major 
problem. The Ingalls Yard has long emphasized this 
aspect of the work and has obtained excellent results. 


Postwar Work 


The Ingalls Shipbuilding Corp. is going to build ships in 
the postwar era, and it is therefore emphasizing that bet¬ 
ter planning, better organization, better informed work- 




fe. - 


Fig. 14—One of the Postwar Designs for Ocean-Going Luxury 
Liners. The Type of Ship Which Will Be Plying the Seas in the 
Postwar Era 


men will help produce "faster, stronger and cheaper 
ships." 


Addenda 

My sincere thanks to Mr. Frank R. Hopkins, Assistant 
Welding Engineer, for his aid in the development of the 
Sequence. 
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The LST—Kingpin of 
Invasion Fleet 

By C. M. Taylor* 

EHIND the successftil large-scale invasions made 
by the Allied Nations lies the skill and production 
ingenuity of those who build .the invasion ships, 

* Vke-Praideat. The Lincoln Electric Co., Cleveland. Ohio 



Fig. 1—Detail of Cuttmg Arrangement Where Two Angles 
Having Two>Thirds of Efiective Depth aa Shown by Arrovre, 
Are Obtained from Single Chawwal 




Fig. 2—Generating Units for Welding Power Are Compactly Assembled 4 to a Skid 

Fig. 3—Lap ^d F^et Welding Operations on a Typic^ Box Section 

Fig. 4-—Interior View of LST Box Section of Fabrication 

Fig. 5—Close-up of Stem Section Showing Uniformity of Welded Joints 

Fig. 6—Clamp-jack Arrangement for Obtaining Good Fit-up of Joints During Welding 

Fig. 7—Welding the Gun Guides at the LST Outfitting Dock 
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a fleet of boats made up of a number of types of craft 
such as the LST (Landing Ship Tank), largest of the ves¬ 
sels in the class specially designed for carrying personnel, 
motorized vehicles and other military equipment of a 
practically endless variety. 

Some measure of the unparalleled construction prog¬ 
ress made since the start of the landing craft building 
program is evidenced in production records, release of 
which has recently been permitted, ^^though the figures, 
for security reasons, do not include the 1944 rate, they 
show that the fifteen types of invasion craft under con¬ 
struction totaled more than 32,000 by the first of this 
year, with the LST, despite its size, comprising a sur¬ 
prisingly large percentage of the total. 

It is interesting to note that without the advantages of 
modern welding methods this mass production would not 
have become a reality. However, advancements in 
welded design and welding technique, combined with the 
inherent skill of the American shipbuilder, brought about 
greater ease in assembly, much higher fabricating speeds 
and more efficient methods which heretofore were 
thought impossible. 

Factors which largely influenced and led up to the 
current design of the LST included early model small 
landing barges which were effectively tested in some of 
the first Commando raids. It then became apparent that 
fighting equipment and supporting materid had to be 
landed on secluded beachheads without the benefit of 
harbor or wharf facilities and under adverse enemy ac¬ 
tion. 

Development along this line led to the experiment of 
cutting a hole in the of an existing tanker and insert¬ 
ing a rectangular tube large enough to accommodate a 
medium tank. A hinged, watertight door was fitted on 
the forward end of the tube which could be lowered to act 
as a landing ramp. Further improvements included the 
designing of a tank deck inside the converted tanker. 

From this crude but impressive beginning emerged the 
LST and other invasion boats which have since played 
such a large part in turning the tide of war. 

It is interesting to note that while the original purpose 
of the LST was to transport tanks close to invasion 
beaches, its current design has advanced to the point 
where it is now used as a freight and personnel carrier. 


hospital ship, and all-round utility vessel. Long-range 
cruiring and adequate power are supplied by Diesel en¬ 
gines. Big bow doors of unique design permit fast load¬ 
ing and unloading, an exclusive ch^acteristic. These 
and many other outstanding features incorporated in the 
LST were built around the freedom of design made pos¬ 
sible by the arc-welding process. 

Built at a number of inland yards such as those of the 
Dravo Corporation, located on Neville Island, Pitts¬ 
burgh, Pa., where the ships are fabricated and fitted, they 
proceed under their own power down the Ohio River to 
New Orleans, La., where they cross the ocean to the 
fighting fronts under the capable supervision of the 
operating and combat crews. 

Using assembly line construction procedures now com¬ 
mon in the shipbuilding industry and pioneered by Dravo 
engineers, the Dravo yards utilize the methods of preas¬ 
sembly of large sections whereby the LST moves ahead 
as assembly progresses until the ship reaches launching 
position. The Rawing (Fig. 1) illustrates this econo¬ 
mical arrangement which is one of the interesting princi¬ 
ples carried over from Dravo’s extensive barge con¬ 
struction experience. 

Power for most of the arc welding is supplied by gen¬ 
erating units assembled four in a group on a skid frame¬ 
work such as shown in Fig. 2. This compact setup allows 
the units to be easily conveyed by crane to various key 
welding areas. 

Prefabrication of the box sections which comprise the 
main part of the hull is shown in Fig. 3. The plate is 
slightly flanged at the edge to present a smooth lap 
joint which offers a minimum of resistance as the ship 
travels through the water. The two operators at the 
right in Fig. 3 are joining the plates using Vie-in. and ’/<- 
in. electrodes, 2 passes. 

A close-up of the box section interior showing details 
of the stiffener members and inside design is illustrated 
in Fig. 4. 

Preassembly of the bottom stem section is affected by 
inverting the section to permit fast, efficient down-hand 
welding as shown in Fig. 5. 

Excellent fit-up of joints is obtained by means of 
clamping jacks such as seen in Fig. 6. Lugs to anchor the 
jacks are first tacked to the plate, the jack is securely 
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Fig. 8—Finish Welding the Bow Doors After Launching 

Fig. 9—Inside Fittings Such as Wash Bowl Supports Shown Here Are Quickly Assembled 

by the Shielded Arc Method 

Fig. 10—Latered Welding the LST Sides from Suspended Staging 
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fastened and a large screw bolt is turned down agajnst 
the plate holding it firmly in position while welding. Af¬ 
ter finish welding, the jack is removed and the lugs are 
knocked off with a hammer. 

Lateral welding on the ship’s sides is efficiently con- 
ductrt by hanging staging from the ship itself, thus per¬ 
mitting the staging structure to be removed along with 
the hull as it is transported from berth to berth on hy¬ 
draulic and manually operated ship transfer carriages. 
This staging structure with welding operations under way 
is shown in Fig. 10. 

Using the American Bureau of Shipping Rules as a 
measure of structural strength, the is weld fabri¬ 
cated throughout, from its watertight compartments to 


the thousands of special fittings with which it is equipped. 
One of the scores of smaller welding jobs, for example, is 
that of fusing the bow door hinges to the hull. 

Other examples of the extensive use of welding, even 
after the LST is launched, include finish welding of the 
bow doors (Fig. 8), assembly of inside fittings such as 
wash bowl support welding as seen in Fig. 9, and fusing 
the intricate network of tubing (Fig. 7), which forms gun 
guides for the protection of personnel and superstructure. 

The broad knowledge of procedures and ^cient prac¬ 
tices followed for many years in constructing all- 
welded barges for inland waterways is said to have been 
a tremendous help in building up our LST fleet to its 
present huge proportion. 


Chemical and Metallur¬ 
gical Control in 
Welding* 

By E. C. Whitet 

W HAT is the role required of the chemical and 
metallurgical laboratory in war production 
welding? What will be the demands of the 
reconversion and peacetime production on this division 
of industry ? 

Many splendid articles have appeared in the technical 
publications to date on the functions of the Laboratory 
in Industry. So much so, that any fiulher embellish¬ 
ments on the topic would appear to be superfluous. 
However, the past three to four years have seen the same 
acceleration and multiple expansion of the chemical and 
metallurgical engineering divisions as, has taken place 
in the manufacturing divisions. During this period, 
the normal technical staff in all organizations has been 
so expanded that the responsible employees of the peace¬ 
time organization found themselves as the supervising 
nucleus around which entirely new chemical and metal¬ 
lurgical departments were built. 

Who will dare say that a fine job of "rising to the oc¬ 
casion" has not been done in the large percentage of cases? 
It is no less a thrilling sight than Sie lesser ranked men 
in Service springing tb the command in the loss of their 
superior officer, who has been injured in action. 

In this "reforming of ranks,” let us call it, in industry, 
entirely new personnel have been thrown together to 
jWork out a required production program, and to do it 
speedily. This has entailed the rapid adaptation of 
personalities, the quick appraisal of skills in one’s own 
as well as associated departments. 

The reason for this article, then, is to give some per¬ 
tinent angles for future thought and discussion on the 
proper appraisal of various departments' responsibilities 
in getting our war job done, and done right, with particu¬ 
lar reference to the chemical and metallurgical divisions. 

This calls to ^mind the incident of the ornery judge 
under whose scrutiny and judgment many unfortunate 
victims passed, who had come up against the law in 
various serious occiurences. As ^e years rolled on, it 
became apparent that in this court the under dog, let us 
call him, found little, if any, sympathy from the bench. 
So much so was this the case, that, in due time the judge 

• Presented at the Oct. 6, 1944, Meeting, Detroit Section, A. W. S. 
t Chemicftl and Metallurgical Dept., Ford Motor Co., Dearborn, Mich. 


was removed from the bench, and in the passing of events 
in his retiring years, he appeared as a cashier in one of 
the banks of his home town. An old acquaintance from 
the former town of his judgeship had occasion to cash a 
personal check at the ex-judge’s wicket. "I’ll have to ask 
you for some identification in order to cash this check” 
came the query from the cashier. After long fumbling 
through various wallets and pockets, the customer re¬ 
plied in indignation, "Shucks, Judge, youshow much more 
concern about cashing this check lian you did about 
handing down those stiff sentences to the boys over Kan¬ 
sas way.” "Oh, well,” said the judge of previous years. 
"You see, in this case, there is money involved.” 

So, in a discussion of this type, a keen study is neces¬ 
sary of relative values and the duties of the mechanical 
engineering and design, chemical and metallurgical en¬ 
gineering, and the manufacturing department, with it 
many coordinated departments, such as inspection, ma¬ 
terial supply, etc. 


Welding 

In the quality control of our enormous welding pro¬ 
gram, going on in present-day war production, it is 
particularly apparent to those involved, the necessarily 
close tie-up between the chemical and metallurgical di¬ 
vision, and the welding superintendent and his staff. 

The one important fact that comes to the writer's 
mind is, that in welding, whether fusion, resistance or 
any other method, there is a tremendous "human ele¬ 
ment” involved which does not readily lend itself to 
panel settings, cycle control or predetermined methods 
of operation. 

This is a stimulating angle which challenges equally 
the welding engineer, production superintendent, con¬ 
trol technician and the set-up man. Herein, I feel, 
lies the intriguing appeal in the preset-day assembly of 
parts by welding, with the consequent tremendous sav¬ 
ing in valuable time and expensive equipment. 


Interdepartmental Procedure 

Let us look, first, at the setting up of a program of 
Resistance Welding Procediue under our present Army- 
Navy Specifications. This brings attention, first, to the 
necessity of a ;neeting of the minds between the various 
departments. 

The various steps on a new Welding contract consist, 
very briefly, of setting up a program, of: 

1. Making necessary blueprints. 

2. Getting material on the job. 
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3. Certifying this material to specifications. 

4. Determining the most suitable panel settings to 

obtain maximum strength of weld. 

5. Production in satisfactory volume of assemblies 

to be inspected and sold to the Government. 

You will note No. 3 and No. 4 divisions involve the 
chemical and metallurgical engineering division. Here 
it is of absolute necessity that there is a mutual under¬ 
standing of the interresponsibility of the mechanical 
engineering, chemical and metallurgical division and the 
manufactiuing engineers. 

Requirements of the Chemiced and Metallurgiced 
Engineering Division 

The chemical and metallurgical laboratory should be 
staffed by competent men, of broad preliminary training 
in production as well as chemical and metallurgical con¬ 
trol, as only in this way can they appreciate problems 
of the production superintendent, who, finally, is re¬ 
sponsible for making the finished article. 

The introduction of Army and Navy Specifications 
has at one and the same time, stepped up the require¬ 
ments in our present-day. welding procedure, and also 
put a greater responsibility on the latwratory. No longer 
is it just a case of “Cut die sample, Jack, and let’s have 
a look at it.’’ The Lab man, or girl, as is often the case 
today, then cut the sample, gave it a rough polish and 
handed it back to “Bill” in Production, never more to see 
it and knowing less of its origin. 

The functioning of the chemical and metallurgical 
engineering department in this manner requires little 
skill of a technical nature, and is of equally small value 
to the production superintendent. This would be more 
of the “errand boy” type of control. Although tech¬ 
nically trained men, who are equally familiar with the 
“Set-up” man’s problems and also the superintendent’s, 
are not readily available, it should be the aim of those 
charged with the responsibility of building up such a 
department, that men, coming as near as possible to these 
qualifications, be chosen to supervise welding control 
laboratories. 

Without the respect for the chemical and metallurgical 
staff, by the production department superintendent, 
foremen, set-up men and the welders themselves, it is 
difficult, to see how results,thatare definitely constructive, 
can be accomplished. 

Requirement No. 1. —So let us put that fact down as a 
first requirement of such a technical division. It must 
command the respect and cooperation of production 
and mechanical engineering by the ability of its staff to 
assist in getting rapidly into production, and at the same 
time maintain the rigid military standards. 

Confidence of the Army and Navy resident represent¬ 
atives and inspectors in charge, has been gained by the 
chemical and metallurgical engineering divisions through¬ 
out the Country. This confidence has grown over many 
months of cooperative effort in the maintenance of 
required standards without unnecessarily hampering 
production. 

As a second requirement in the maximum utilization 
of a technical staff as an aid to production, I would put 
speed in obtaining the information required by the pro¬ 
duction superintendent. L«t us say, for instance, specific 
panel settings are in the process of development for a 
required assembly operation. Test strips of the gages 
and materials in question will be welded by spot, stitch, 
seam or other method as required, and samples sub¬ 
mitted. Completion of the cross section, polishing and 
etching of this test strip, should be possible within one 
hour of the welding operation. 


This prompt service is of particular value inasmuch 
as any necessary changes in panel setting, as to percent¬ 
age of heat, cycles required or pressxire, may be made and 
new samples submitted until a mutually satisfactory 
macro section is obtained. 

This procedure may well be followed in fusion, metal¬ 
lic arc, atomic or acetylene welding, although control of 
these types of welding presents their characteristic prob¬ 
lems. There is a tremendous value to the welder him¬ 
self, and also to the “set-up” men, in having the op¬ 
portunity of seeing and studying the “inside” or cross 
section of their wdds. This cooperative angle between 
departments pays real dividends in increas^ produc¬ 
tion, due to a marked decrease in rejects. The welder 
takes a new interest in his particular operation, and main¬ 
tains this interest throughout his work, if given fre¬ 
quent opportunities of viewing his workman^ip, with 
equipment not ordinarily available to him. 

It is a common fault of the technically trained man, 
particularly if not too many years have rolled by since 
graduation, to underestimate the skills of the field or 
production man. This production or producing man, 
may not have a particular degree, but in many, many 
cases, he has an uncanny skill in his welding, which the 
chemical or metallurgical engineer might well appreciate 
in arriving at his decisions on any particular welding 
problem. 

Requirement No. 2. —Speedy information on welds 
should then become requirement number two, in order to 
obtain the utmost in cooperation between the welding 
production division and the chemical and metallurgical 
department. 

As a third requirement of such a technical division, 
as is under discussion, I would place an accurate appraisal 
of the various methods of inspection of welds, such as, 
{a) visual inspection, (6) use of macro sections, (r) ten¬ 
sile tests, {d) twist tests, (e) X-ray of welds and other 
investigative methods. 

Obviously, it would never be possible, in a develop¬ 
ment of a specification, for a certain gage, to lay down a 
basis of comparison or requirement by percentage, such 
as, 30% for a good macro, 30% for a go^ tensile test or 
some such percentage for the workmanlike appearance 
of the finished job. 

Constantly, we see welds, the macro sections of which 
show good nugget area and penetration, but the welds, 
nevertheless, are brittle; we see brittle welds that have 
good tensile strength; we see sound app>earing welds 
which have little or no penetration; we see welds with 
poor penetration which will pull metal, etc., etc. 

Here, again, enters the necessity of combining the 
opinions of the technical and production staff. Pos¬ 
sibly a Utopia will never be attained where a unanimous 
opinion is reached by all divisions, on every weld, ex¬ 
amined in any one day. 

The interest in a thorough study of the internal macro 
and micro structure of welds of many types and alloys, 
has increased by leaps and bounds in the last few years, 
due partly, to the stimulation of interest in this angle 
by the Army and Navy. It is necessary to take a strictly 
objective view of the importance of this thorough de¬ 
tailed investigation of. welding procedure. Though it 
appears at times to hamper production temporarily, it 
finally yields sound interpretation of weld structure and 
works toward a more dependable product as well as a 
satisfactory production rate. 

The result of the operation of the completed machine 
in military service, be it tank, plane, gun or ship, is not 
sufficient criterion of whether a job is good enough. 
The lag in time in receiving results of the operation of our 
war product in action, is too great to give any reasonably 
quick report on workmanship. This record is only’ 
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valuable in a long view of the development of the product 
being manufactured. 

Therefore, it is of prime importance that the product, 
manufacture for use by the military personnel, be of 
the highest practical standards known to the manu¬ 
facturer and the Army or Navy inspectors in charge. 
This appears to be a self-evident fact, but it is an ever 
present point under study by all supervision; conse¬ 
quently, the large number of specifications which are in 
use, and the intelligent interpretation necessary of these 
specifications in the light of the specific problem in hand. 

Obviously, a standard of such rigidity and perfection 
that production would be impossible, or of insig^nificant 
volume, would be of no practical .value. 

So, a familiarity of the laboratory and production 
supervisors with current specifications as issued, covering 
the particular manufacturing operation, is very necessary 
along with a knowledge of appUcation to the job of these 
specifications. This knowledge will assist in viewing all 
the possible tests available, destructive and nondestruc¬ 
tive, in the light of their true and relative value. 

Postwar Functions of the Chemical and Metallurgiced 
Engineering Division in the Manufacture of Civ^an 
Goods 

It is apparent that the chemical and metallurgical 
engineering division has gained, in the last few war 
years, in particular, the reputation of substantially 
assisting in the production of goods, which, after all, is 
the final criterion of the success of a manufacturer, from 
a material and also a personnel standpoint. 'This is 
possible from 

1. A reduction in scrap by careful processing and 

maintaining of uniform analysis and physical 
properties of material going on the job. 

2. The taking advantage of processes and com- 

potmds nationally available for expediting man¬ 
ufacture. 

3. Close metallurgical control in investigating new 

methods and developments of these methods 
into a producing unit, carried on in conjunction 
with the production division. 

Summary 

For a brief r4sum4 of such a broad topic as the above, 
the following pertinent requirements of a chemical and 
metallurgical engineering division, are submitted for 
further study and comment. 

First: The chemical and metallurgical division in a 
welding department should be staff^ with personnel 
of bro^ experience in production problems, as well as 
sound technical background in chemistry and metal¬ 
lurgy. Only, in this way, is mutual appreciation of 
skiUs and cooperation of departments possible. 


Second: Speedy metallurgical preparation of test 
information for the production department, is ab¬ 
solutely necessary. This facilitates prompt setting 
up of soimd welding procedures and resultant early 
production. Maintenance of this standard in pro¬ 
duction is also expedited. A well-equipped laboratory, 
capably staffed, is required to give this service. 

Third: All supervisors involved, including the 
mechanical engineering and design, chemical and metal¬ 
lurgical engineering division, and production engineer¬ 
ing, must arrive at a sound appraisal of the relative im¬ 
portance of macro sections, tensile tests, visual in¬ 
spection of welds, etc. This is extremely important, 
in determining just what is, a good weld. 

Research in Welding 

Chemical and metallurgical research in welding 
development is a study all by itself, much too important 
to be covered thoroughly in a discussion as brief as this. 
However, it is well to note that much of the valuable 
new devdopments are progressing daily in conjunction 
with the man on the job, sparked, of course, by the en¬ 
gineers of the research division. 

A Casual Note in Closing, as to Techniced 
Publications Review 

A suggestion is added here for discussion and com¬ 
ment, for a much needed adjunct to the go-getting chem¬ 
ical and metallurgical engineering division in welding, 
i.e., a capable employee with suitable technical and pro¬ 
duction experience on assignment to cover current tech¬ 
nical periodicals bearing on the particular welding jobs 
in operation in his plant. This employee would nece^arily 
be well acquainted with the current problems of the 
associated departments. He would note all articles of 
vital interest and make abstracts of the same up to two 
or three hundred words. Some periodicals already carry 
brief outlines of articles which might well furnish one 
convenient starting point for obtaining this information. 

These abstracts should then be placed on file, and be 
readily available to the chemical and metallurgical staff, 
production, or any other supervision, interest^ in weld¬ 
ing procedure. Further study could be made when the 
artide abstracted, proved of immediate value. This 
technically trained employee should be in a position to 
carry on this additional study, toward application of 
these ideas in current production. 

Who, among us, has not looked forward to doing justice 
to the fine current technical information available on weld¬ 
ing and associated metallurgical problems? Such an ar¬ 
rangement, as the above, might well change our anticipation 
to realization. 
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Fabricated from Monel ahoet 
and wecttrely welded withNo, 
130X Monel Electrodea, thia 
pickling unit weigha 800 
pounda and will handle a 
SOO-1000 pound load. Photo, 
oourteay of Rolock, /nc. 
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A rotating pickling barrel filled with small parts takes plenty of wallops 
as it spins through life. 

And with every revolution bringing hundreds of impacts from the 
tumbling contents, the length of that life depends upon the soundness 
of the welded joints. 


The above unit was designed and constructed by Rolock, Inc., of 
Fairfield, Conn. The barrel, made of 3/16'' Monel sheet, measures 36" 
across the octagonal flats and is 24" wide. In use, the frame sets upon 
the edge of the pickling tank, with the barrel extending into the corro¬ 
sive pickling solution. 


Strong, rugged and corrosion-resistant Monel was the logical choice 
for equipment of this type. And equally important was the use of 
No. 130X Monel Electrodes for welding the seams. 



By arc welding with No. 130X Monel Electrodes, sound, ductile 
welds were obtained, with strength and corrosion resistance fully equal 
to that of the parent metal. 

Helpful engineering data and welding instructions are given in 
‘Welding, Brazing and Soft Soldering of Monel, Nickel and Inconel.’* 
Send for your copy of this well-illustrated 32-page booklet. 
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Unusual Applications of Gas Cutting to 

Ordnance Fabrication* 

By C. M. Underwood^ 


T he design and production of Naval Ordnance is 
one of the major contributions to the equipment 
which is giving our Naval Forces an ever-widening 
superiority over our enemies. One of the largest pro¬ 
ducers of Naval Ordnance is Northern Ordnance, Inc. 
This concern was formerly a small organization manu¬ 
facturing fire pumps and miscellaneous hyraulic equip¬ 
ment. In October 1940, in anticipation of drastically in¬ 
creased armament needs, it abandoned its plant facilities 
in Minneapolis, secured a 400-acre site in the suburbs and 
started building an ultra-modem ordnance plant. In 
spite of unseasonable weather, buildings were com¬ 
pleted, machines were installed and production was un¬ 
der way early in January 1941. 

It was immediately seen that outside sources could 
not be depended upon to keep a machine shop of this 
magnitude supplied with the major fabricated structures 
it would need. Accordingly, a welding plant was soon 
imder way and by late February 1941, gun mount weld¬ 
ments were being fabricated in the new welding building. 

One of the many items which required special attention 
in this new fabricating plant was the gas cutting depart¬ 
ment. The Naval Ordnance structures being manu¬ 
factured have numerous exacting requirements and 
their quality and workmanship must exceed the best 
commercial practices. Dimensional tolerances are ex¬ 
tremely smsdl, particularly for such large structures. 
Inspection standards are severe; X-ray and Magnailux 
were used profusely. To operate acceptably under 
these abnormal requirements, all component parts of the 
structures must be carefully prepared. 

The methods used to insure precision cutting vary 
with the job, and may in numerous cases involve specif 
jigs and cutting equipment. In other cases special 
means of lining up the machine to the work are provided, 
and sizing operations upon the finishing or semifinished 
weldment itself are often employed. Since a thorough 
discussion of ordnance cutting would require more than 
one technical paper, this discussion will cover only the 
special dr less commonly employed practices, under the 
assumption that standard cutting practices are suffi¬ 
ciently known to require no restatement. While the 
emphasis here will be given to precision cutting and the 
setups developed to provide high-quality work, it 
should be made clear that a good amount of standard 
cutting by conventional methods is also done at North¬ 
ern Ordnance. 

Designing for Welding 

Before going into detail on this subject I should like to 
digress a moment to give a little of the background on 

* Preaected at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, Ohio, 
Oct. 16 to 19, 1944. 

t Manager, Welding Dept., Northern Ordnance, Inc. 


the Naval gun mounts being fabricated. These gun 
mounts were originally made of steel castings, but in an¬ 
ticipation of large-scale production in a market where 
high-quality steel castings would not be readily avail¬ 
able, the Navy has gone to welded fabrication. Aside 
from redesign of major parts to use available materials 
and to facilitate production, our engineering department 
has had the problem of redesigning numerous minor cast 
parts to weldments. When such a change-over is indi¬ 
cated the mechanical engineers, are given the original 
problem of redesigning each part. They consider the 
fundamental requirements, design the part to operate 
functionally and frequently end up with a structure that 
appears to have little relation to its cast predecessor. 

When a preliminary layout is completed it is turned 
over to the welding engineering section where it is ana¬ 
lyzed from the standpoint of feasibility for welding, and 
if necessary, altered by the welding engineers to a design 
that may be more readily fabricated. The layout is then 
returned to the mechanical section where a final layout 
is made that is mutually satisfactory. Detailed welding 
drawings are then made by the welding engineering sec¬ 
tion, which takes full responsibility for the success of the 
weldment. A close relationship exists between the en¬ 
gineering sections, and there is correspondingly close li¬ 
aison between the welding engineers and the shop. If, 
when production is under way, the welding foreman finds 
something that does not work out quite right, or that 
could be done more easily in another way, he comes in to 
the engineering department to consult on making 
changes. Likewise, in the coiuse of making the original 
design, the engineers frequently go to the shop to consult 
the foremen about the feasibility of any details of the job. 
One reason for this close harmony is the simple fact that 
the welding engineering section is located in the shop, 
without the usual “front office’’ barriers between the en¬ 
gineers and the shop personnel. 

Thus designs are established. In some cases the^ew 
design calls for the use of rolled plate only; in others, a 
certain portion of the assembly which may be too ir¬ 
regularly shaped to fabricate economically will be cast 
or forged, and then welded into the plate assembly. In 
such cases both forgings and castings may be used to 
insure a sound product. Over a period of time, most 
cast steel parts in the entire gun mount have been con¬ 
verted from cast to fabricated construction. T 5 rpical 
applications of these practices follow. 


Multiplane Cutting 

One of the simplest pieces in the gun moimt is the rear 
plate, which is at the same time one of the most interest¬ 
ing gas cutting jobs since it involves cutting and shaping 
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Fig. 3—CloM-up of Template Used in Fig. 1. Six 
Identical Cams with Movable Gates Enable Con¬ 
tinuous Passage of the Torch 
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Fig. 1 (Top)—Cutting Gun Mount Slide Rear Plate from 8Vs In- Steel, 
Using Multiple Template and Travograph 

Fig. 2 (Bottom)—Profiled Block at Right Shows Smoothness of Cut. 
Note Construction of Work Swports, ^eventing Finished Parts from 

Tumbling 


in several planes. This piece is a single block of 1020 
steel SVt in. thick and weighing about 800 Ib. finished. 
Our object here in changing from a casting to rolled 
plate was not to effect a <Aange in design, but to obtain 
consistently sound material and to avoid the difficulty in 
machining to close tolerances surfaces containing cast-in 
sand which is frequently encountered. The piece as 
cut is in fact identical in shape to the original casting. 

As shown in Fig. 1 these pieces are profiled one at a 
time .on a Travograph using a multiple template which 
enables six identical pieces to be cut consecutively with¬ 
out changing the work setup. Special supports for hold¬ 
ing the workpiece were constructed of lengths of 5-in. 
steel tubing, arranged exactly in position to support each 
cut piece without tilting, yet permitting the small scrap 
sections and torch blow to fall through. This feature is 
illustrated in Fig. 1, where the finished severed sections 
remain in place without jarring the workpiece, as they 
might if allowed to fall upon severance. The scrap 
pieces, incidentally, are not wasted but supply material 
from which the base ring centering pin housing is forged. 

The high quality of cutting on this operation is clearly 
demonstrated in Fig. 2, in which the finished part at the 
lower right shows extremely smooth faces and unusually 
sharp top comers. Careful observation of the quality of 
cut secured with the Travograph at different speeds and 
gas pressures has resulted in the establishment of exact 
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procedures for this cutting job. Another factor promot¬ 
ing accuracy here is the template, shown in close-up 
in Fig. 3. This template is in six identical nested sec¬ 
tions, mounted on a single base on rollers for easy hand¬ 
ling. Movable entrance gates enable the magnetic 
tracing roller to move from one finished profile cut to the 
start of the next without interruption. These gates also 
guide the torch in from the outside edge of the plate to 
the first line of cut without manual operation, thus insur¬ 
ing a smooth, regular cutting action of the oxygen jet 
through the 8Vs-in. plate at the introduction of the cut. 

After profiling, the 920-lb. blank is mounted on a jig 
for flame shaping in several planes with the torch and 
Planograph. The first of four shaping cuts, a 6-ft. ra¬ 
dius cut made at a bevel of 25® 30', is shown in progress 
in Fig. 4. Accuracy in locating this cut is insured by 
alignment of the torch and the manual tracing template 
to prick punch marks made directly on the workpiece, 
which is itself mounted positively in position by being 
clamped to the rotating table of a trunnion-mounted jig. 
This ji^ indexes in two directions, with locking stops at 
90° positions. It holds two of the workpieces in counter¬ 
balanced positions. 

The second shaping cut, geometrically similar to the 
first, is made with the piece pivoted 180° from its first 
position, as illustrated in Fig. 5. Figure 6 shows the 
third cut in progress. Notice here that both of the first 
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two cuts stopped short of the end of the workpiece, upon 
which the prick punch marks and scribing for the tJ^d 
cut were made. This cut is made after indexing back 
90°, and follows a shallow U contour, consisting actually 
of three straight cuts with 12-in. radius curves at the 
intersections. The fourth cut rounds off a comer at the 
end of the long leg of the piece. The cut faces are finally 
grotmd to round off the intersections of these shaping 
cuts to the 6 ft. radii. Figure 7 compares the cast pieces 
with the flame-cut pieces, showing little observable dif¬ 
ference between them. Thus our purpose of making a 
gas-cut part serving the same purpose as the cast part 
was achieved. The wrought material cost is about one- 


third of the casting cost; machining time is less; the 
fabricating time of the cut plate is about equivalent to 
the average repair time for casting defects. 

Cutting on Base Ring Structurals 

The largest single part of the gun mount is the base 
ring, upon which the gun rests and rotates. This as¬ 
sembly involves considerable cutting and welding, all of 
which must be accurate to preserve alignment and avoid 
unequal contraction of welds, such as would occur if 
Vees were unequal in size. 


Rg. 4—First Shaping Cut on Profiled Rear Plate. Note Indexing Fig. 5—Second Shaping Cut on Rear Plate. Piece 

Positioner Which Holds Workpiece. Manual Tracing Device Is Used Was Rotated 180° in Fixture for This Cut 

on Planograph, and Cut Is Interrupted as Shown in Fig. 6 


Iig. 6—This Third Cut Virtually Completes the Fig. 7—Comparison of Rear Plates Made from Cast Steel and Gas Cut 
Rounding of the Back of the Rear Plate. Inter- from Rolled ^te, Showing Both Types in Rough State in Foreground, 

sectiona of Cuts Are Finished by Hand Grinding Finished on Table at Left. Gas-Cut Plate Is at Right In Both Groups 
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Fig. 8—Accurate Beveling la Done by Cutting Bevel Fig.' 9—Cutting Outline from I-Beam for Gun Mount Base Ring Central 

Into a Vertical Cut, Both Made with Radiagraph Girder, Uaing Modified Planogra]^ Cutting Machine and Work- 

Hold^g Fixture 


The Carnegie beam shapes forming the basic struc- ment, and so the method of fabrication was changed to 
ture of the ring vary in height by '/< in., the rolling mill that shown in Fig. 9. A standard IS-in. CB section 
tolerance, and must first be brought down to uniform forms the basic material of this member, but all of the 
height. This is accomplished by a sizing operation on a one flange and parts of the web and second flange are cut 
350-ton hydraulic coining machine which we built spe- away with the torch. Tolerances of ‘/sj in. are main- 
cifically for this purpose. tained in cutting this irregular shape with a Plano- 

Cut lengths of beams are then trimmed and beveled on graph, 
those portions of the flanges which will be framed in with In the rapid production setup shown in the illustration, 
other members. The beveling could be done directly the beam is fixed positively in position by wedging the 
without prior trimming of the flange. However, because right-hand flange against stops bearing against the inside 
of the variation in flange width due to mill tolerances, all of this flange; The steel template is mounted perma- 
joint areas are sized to a square face by gas cutting a nently onto an extended tracing table, which is itself ad- 
fixed distance from the longitudinal beam center line, justable by means of three handwheels shown at the 
The Radiagraph shown in Fig. 8 is cutting a bevel joint left in Fig. 9. The center handwheel moves the table 
face in an area which has previously had a vertical sizing top and template lengthwise, while each of the outer 
cut. We aim for a zero root face, but allow as much as handwheels controls transverse movement of opposite 
^/le-in. root face on this 30° bevel, rather than risk cut- ends of the tracing table. These quick adjustments 
ting beyond the root comer. The face of the bevel is enable the template to be lined up accurately in position 
ground after cutting to remove scale and permit ac- with relation to the first workpiece, and facilitate minor 
curate Magnaflux inspection. Incidentally, production adjustments for succeeding pieces as well, 
on this operation is speeded by loading a row of beams on The sequence and direction of cuts are also calculated 
greased rails at working height, enabling the operator to to preserve accuracy by reducing creep in the beam dur- 

move quickly from one beam to the next or push the ing cutting. All cuts are made from the ends to the cen- 

finished parts along the processing line. ter, two such cuts being made to remove the left-hand 

The central girder of the base ring presented a minor flange. A long cutting tip is employed to give clearance 
problem when fabrication was first begun. This T- to ^e torch when cutting the web close to the flange, 

shaped member was first made by joining two long These cuts are subsequently beveled with a Radia- 

plates into T formation by welding. Distortion in this graph as illustrated in Fig. 10, maintaining a tolerance of 
long weld was sufficient, however, to cause misalign- V 32 in. as in the preceding operation. 



Fig. 10—Gat Cutting Accurate Bevelt on Central 
Girder for Gun Mount Bate Ring 


Fig. 11—Trimming Gun Mount Bate Ring After Welding, Uting Airco 
No. 41 Travograph and an Elaborate Magnetic Cam 
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Fig. 12—Outlines of Multiple Phase Template Used in Fig. 11. A Total of 28 
Different Cuts Axe Made, Using Hinged Gates at Niuneious Points 


arrangement which is notable for 
the precautions taken in the in¬ 
terests of precision cutting. The 
Travograph is a standard model, 
with additional arm stiffeners, but 
its running tracks were motmted 
and leveled on the floor so accu¬ 
rately, with the aid of a precision 
level, that even the effects of direct 
sunlight caused noticeable changes. 
The template in Fig. 12 is actually 
three templates in one, with differ¬ 
ent portions painted red, green and 
blue according to whether they are 
used for cutting the inner and outer 
areas of top or bottom flanges of the 
workpiece. It is rigidly constructed 
on a base plate with cross bracing 
on the underside. Allen head set 
screws were used to fasten the vari¬ 
ous elements of the cam to the 
base plate, enabling fine adjust¬ 
ments to be made after the cam 
was initially assembled and before 
the operating surfaces were doweled 
to the base plate. 

The base ring, which must be 
trimmed on both upper and lower 
surfaces, is mounted on a carriage 
which may be rolled into working 


Travograph Setup on Base Ring 

An unusual situation arose after 
production of fabricated gun mounts 
had been under way for some time, 
when the Navy Department asked 
us to alter the design of the base 
ring to reduce its weight. These 
alterations did not change the 
fundamental design of the ring but 
involved principally reductions in 
the width of flanges and other sup¬ 
porting members of the structure. 
It was decided to trim these mem¬ 
bers after assembly welding had 
been completed, since to do so be¬ 
forehand would have required ex¬ 
tensive changes and redesigning of 
cutting templates, tacking jigs and 
welding setups all along the produc¬ 
tion line. The feasibility of making 
the changes by gas cutting after 
virtual completion of assembly 
welding is an excellent demon¬ 
stration of the flexibility of the 
flame cutting and arc-welding proc¬ 
esses. While both the size and 
production quantities were large 
enough in this case to necessitate a 
fairly elaborate setup for making 
the changes, the cost was still quite 
low in comparison to what is nor¬ 
mally involved in changing the de¬ 
sign of a part in production. 

Reference to Figs. 11 to 13 shows 
how this job was done. A special 
three-part template, a track- 
mounted worktable and a large No. 
41 Travograph were installed in an 



Fig. 13—Overhead View ol Base Ring Trimming Operation, Showing Travograph, 
Template and Track-Mounted Cutting Tahle 
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Fif- 15—Layout and Trisuning on Bat* Ring SubaaMinbly, Using Siiing Fixture and 
Vertical Cutting Machine 


position on floor tracks. The parallel 
positioning of the base ring with 
relation to the template may be ad¬ 
justed by means of a hand crank 
which rotates the worktable on the 
carriage. A hand-brake locks the 
carriage to the rails in cutting posi¬ 
tion. Precision alignment is quickly 
secured by the following method. 

The torch bar is moved out to lo¬ 
cate the magnetic tracing roller in 
a locating block fastened to the 
center of the template base plate. 

Two plumb bobs about 8 ft. apart 
on the torch bar are then located 
over the scribed center line of the 
base ring, and the ring is shifted to 
bring this line exactly beneath both 
bobs. A third plumb bob moimted 
directly on the torch clamp is then 
used to position the torch laterally 
on the horizontal bar to bring it 
above the transverse center line 
scribed on the ring. 

Eight separate cuts are made on a major subassembly 
of this fabrication with the tracing roller following the 
blue segments of the cam, removing strips of metal from 
the inside of the ring, in areas that would be inaccessible 
in the completed weldment. 

Final cutting begins with the completed ring weldment 
inverted as in Fig. 11. One and one-half inches of metal 
are trimmed off of the outer periphery as well as the two 
center girders within the ring, following the red portions 
of the template. A total of fourteen cuts are made in this 
sequence of operations. 

The base ring is then turned right side up and aligned 
for making ten different cuts from the green segments of 
the template. Many of these cuts follow the same paths 
as the red paths used previously, except for deviations at 
various points. The same working edge of the template 
is used for the common portion of both cuts, the devia- 



Fig. 14—Post-Welding T rimmin g Operation on Base Ring, 
Employing Special Vertical Cutting Machine. Close Toler¬ 
ances Must ^ Met in This .and Other Final Trimming Opera- 
' tions 


tions being taken care of by hinged extension segments 
which are turned over into the line of the tracer travel 
when needed. A close scrutiny of Fig. 12 will reveal fif¬ 
teen of these hinged segments of the cam. Cutting tol¬ 
erances of Vm in. are maintained even though the struc¬ 
ture is relatively large and intricate. 

The overhead view of this installation given in Fig. 13 
shows the worktable and tracks, with adjusting screws 
for positioning the base ring at the left. One of the pltunb 
bobs is mounted on a perforated extension to the torch 
bar. Another feature of this installation is the jib boom ' 
for carrying oxygen and acetylene hoses conveniently 
to the cutting machine. 


Vertical Cutting 

There are a number of points on the base ring as¬ 
sembly which must locate very accurately with relation 
to corresponding parts on other subassemblies. The end 
plates, for example, must be sized very accurately, meet¬ 
ing closer tolerances than could invariably be obtained 
in a jigged and welded assembly. To avoid inaccmacies 
and the resulting need for correction, we adopted the 
method of making these parts Vi in. or more oversize in 
the primary fabrication, and cutting them down with the 
torch after completion of welding. Since some of these 
cuts were vertical, we designed and built a number of the 
vertical cutting machines illustrated in Figs. 14 to 16. 
These are now used also in intermediate stages of fabri¬ 
cation. 

One of the final trimming operations is shown in Fig. 
14, with the torch moving upward on the free end of a 
CB web. The cutting machine consists of a torch 
mount which slides on two guide shafts, with vertical 
motion provided by a central screw. The screw is pow¬ 
ered by a standard gas-cutting machine motor. It may 
be driven in either direction and operated at any desired 
cutting speed by setting the governor. This provides a 
speed range of about 3 to 20 in. per minute. The equip¬ 
ment is mounted on a base with three leveling screws, the 
whole being placed on a four-wheeled carriage having 
drop legs for stead)dng the machine during use. The ma¬ 
chine can therefore be readily moved into position for 
each job. The four-wheeled carriage is al«) equipp^ 
with a crank-operated lifting device which pamits rais¬ 
ing or lowering the cutting machine to the desired height. 
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Fig. 18—Cutting Opening for Centering Pin Homing. Con* 
cealed dips Levant Circular Track from Tilting When 
Radiagraph Rum Out at Rear 

onstrated in Fig. 16, where it is used in conjunction with 
a turntable for rotating small workpieces before the 
torch. This turntable ^so has reversible and variable 
speed, being powered by the same type of motor as the 
cutting machine. A rectangular opening in a tubular 
weldment is being cut here, by giving motion alternately 
to the turntable for the horizontal cuts and to the verti¬ 
cal driving mechanism for the vertical cuts. Rounded 
comers are obtained at the changes in direction of cut 
simply by switching the dead motor on a few moments 
before turning the live motor off. 

Smaller Cutting Operations 

Among the many cutting operations performed in the 
fabrication of gun mounts only a very few are done with 
the hand torch, and then only because a machine cannot 
readily be brought into play. Figure 17, for example, 
shows a semicircular bevel cut being made on the par- 


In Fig. 15 the method of scribing and cutting on the 
central subassembly is pictured. This subassembly is 
made with trim stock at all points which subsequently 
will go into a welded joint. It is placed in the sizing 
jig at the left in the photo, where the operator scribes 
the sections to be trimmed by sliding a flat scriber knife 


Fig. 17—Manual Beveling of Baee Ring to Receive CeiUezing 
Pin Housing Shown in Foreground 


against locating pads as ^own. Cutting is done in the 
adjacent work station, observing a tolerance of * Vw 


Hg. 16—^Machine Consisting of Fower-Driven Turntable and 
Vmiical Cutting Machine Is Here Us^ to Cut a Rectangular 
Window in a Tubular Weldment 


The face of the cut is then ground to a tolerance of -}-0 

-V» in- 

The versatility of this cutting machine is further dem- 


g. 19—Gas Cutting Bevels on Steel Casting Preparatory to 
elding This Part Into a Plate Assembly. E^eme Accuracy 
is Maintained in Cutttng 
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Fig. 20—Ranuner System Coyer Plate Weldment Is Positioned in Fig. 21—Manual Tracer Guides the Planograph in 

Fixture lor Accurately Cutting Numerous Small Openings. This Cutting Small Openings, Using Bent Tip to Qear 

Complex Part Was Formerly Made by Casting Adjacent Vertical Surlaces 


tially assembled base ring. Like some of the other cuts 
described previously, it is made after fabrication of the 
ring is almost completed, in the interests of accuracy, 
since it forms part of the weld joint for the centering pin 
housing. This rough bevel is ground smooth and to ex¬ 
act dimensions. 

The cutting of the upper support for this centering pin 
housing is illustrated in Fig. 18. The center point for 
this circle is laid out after the entire ring is completed, 
and prick punch marks are laid out at frequent intervals 
along the line of cut, as a guide to the operator to insure 
exact cutting with the Radiagraph. After this operation, 
the hole is beveled and ground, and the pin housing 
welded in. This housing is bored to receive the center- 
ng pin during final machining. 

An illustration of material preparation for a composite 
structure is shown in Fig. 19. This is a portion of the 
rammer system cover plate, formerly a complete casting 
but now made by welded fabrication and employing this 
end piece casting which is impractical to fabricate. For 
welding this casting into the over-all assembly, numerous 
joint areas must be prepared. The unsound cast surface 
is removed and the joint areas squared and sized by a 
machining operation, to form accurate reference points 
for cutting the double bevels. These bevels are then cut 



Fig. 22—Locaiing Pins Hold Individual Plate Squares Accu¬ 
rately in Position lor Cutting Circular Openings in Multiple 



Fig. 24—Finished Beveled Openings Cut in Gun Mount Slide 


Fig. 23—This Machine Automatically Cuts Beveled Holes in 
the Gun Mount Slide Tube to Receive the Connecting Trunnions 
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Fig. 25—Gun Mount Slide Showing Assembly of Trunnions and 
Tu^ for Welding. Both Parts Are Gas Cut Automatically to 
Exact Contour 



by the Radiagraph nmning on a suspended track as 
shown, adhering to the usual Vn-in. tolerance. 

The rammer system cover plate mentioned above pre¬ 
sented a rather imusual problem in fabrication proce¬ 
dure, due to a number of small openings in the part. 
When we were having this cover plate made as a casting 
we machined these openings at fost, but as this was an 
expensive set-up operation, we later changed to gas cut¬ 
ting on the castings. This saved time, but did not assure 
us of a perfect job, as the castings were not always sound 
and were sometimes received in a warped condition. 
Therefore despite the complexity of the piece we con¬ 
verted all but the aforementioned end section to a welded 
fabrication. This assured us of sound metal and control 
of distortion, but still left the problem of locating the 
small openings in exact position with relation to other 
elements of ^e structure. To guarantee accurate posi¬ 


tioning it was decided not to make these cuts during the 
initial flame cutting of the component parts, but to make 
them on the finished weldment. Figures 20 and 21 show 
the setup devised to accomplish this. 

The piece is mounted on a positioner constructed of 
welded tube, which provides 360° rotation in one plane 
and is closely adjustable through a worm and gear as 
seen in the foreground in Fig. 20. Since some of the cuts 
are made in comers close to vertical faces which would 
interfere with normal torch operation, a 4$° bent tip is 
used as shown. The cuts are made with a Planograph 
and manual tracer, employing a type of template widely 
used in the cutting department—a piece of prestwood 
engraved with the template outlines in the form of shal¬ 
low grooves which receive the tracing wheel. Prick 
punch marks laid out on the workpiece serve as reference 
points in lining up the template for cutting. In Fig. 21 
the piece has been turned 90° and a small opening is being 
cut on the opposite side. Faintly discernible in the rear 
is a small bevel cut, made in a few minutes with the 
torch. Formerly this bevel was machined, an operation 
which required materially longer for setting up and mill¬ 
ing. 

Before leaving the subject of small parts cutting, men¬ 
tion should be made of another method of handling such 
parts. In Fig. 22 an Oxygraph with four torches is cut¬ 
ting circular holes in square side plates for pump hous¬ 
ings. Rather than cut four holes in a single plate and 
then cut the plate into squares, the squares are cut first, 
the edges machined and faces surface ground. Four of 
these plates are then fitted into individual jigs on the 
cutting'table. These jigs consist merely of round steel 
pins set in a base plate which is cut out on the underside 
to permit slag and scrap to fall through. Six pins hold 
each square plate exactly in position while the center hole 
is cut out. Unusually close dimensions are obtained by 
this method. 




Fig. 26—Synchronization Sequence in Gas Cutting Beveled Hole in Tube 
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Fig. 


27—Multiple Cutting of Trunnion-Bearing Blocks from 2 -ln. Plate, 
Special Pantograph Cutting Machine 


Tube Cutting Machine 


One gun mount slide is a tubular sleeve with trunnions 
which hold the gun barrel and permit depression or ele¬ 
vation of the gxm to the desired angle. The welded 
joints between the tube and the trunnions must obvi¬ 
ously be sound welds, since they must withstand the 
sho<i of the full firing load. The first step in this proc¬ 
ess was the actual designing of the weld joint, meaning 
the shaping of the beveled edges for proper disposition of 
weld metal in a weld of constant cross section. Figures 
23 to 25 illustrate the special gas-cutting machine de¬ 
signed to cut beveled openings in the tube and the mating 
bevels on the trunnions. 

The tube, approximately 10 in. diameter and 1 in. wall 
thickness, is held on a compressed air expanding chuck 
which is motorized both axially and rotationally, to 
bring thfc line of cut on the tube surface beneath the 
torch. The motion of the torch is 
synchroniaed with the tube motion’ 
rotating at the desired angle of 
bevel. 

The cycle of operation is illus¬ 
trated in Fig. 26. A and a show 
the tube with the torch in place im¬ 
mediately after starting the cut. 

The trunnion is shown in dotted 
lines in its ultimate location. At 
one-quarter cycle, the torch has ro¬ 
tated 90°, the tube has moved S’A 
in. to the left and rotated 51° 30' 
clockwise as illustrated in B and h. 

At one-half cycle the torch has 
rotated 180°, the tube has moved 
to the left 6 V 4 (the diameter of 
the intersecting trunnion) and ro¬ 
tated 51° 30' counterclockwise 

bringing the trunnion center line 
back to vertical as illustrated in C 
and c. At three-quarters cycle as 
illustrated in D and d, the torch 
has rotated 270°, and the tube has 
moved 3*/i in. to the right and 


rotated 51° 30' 
counterclock¬ 
wise. To com¬ 
plete the cycle, 
the torch con¬ 
tinues to 360° 
rotation, the 
tube returns 3V» 
in. to the right 
and rotates the 
trunnion center 
line 51° 30' 

clockwise back 
to vertical. The 
beveling of the 
trunnion is done 
with the torch 
and trunnion 
mounted and 
moved in such a 
way as to cut a 
bevel exactly 
corresponding to 
the bevel in the 
tube. The two 
assembled pieces 
form a Vee. This 
same machine 

may also be used for welding as it automatically posi¬ 
tions the work and brings the joint under a fix^ posi¬ 
tion at any selected constant speed. 

Figure 25 shows the parts set up in a tacking jig. The 
joint is backed up with a split length of pipe during 
welding. This pipe and the root of the weld are ma¬ 
chined off in the final boring of the tube. The weld is 
X-ray and magnetically inspected before acceptance. 


Special Pantograph 

To fill a need for a pantograph type of machine cap¬ 
able of carrying an automatic welding head for welding 
over circuitous paths, the heavy duty P^tograph shown 
in Fig. 27 was constructed. Being designed along mas¬ 
sive lines, it is able to carry a number of cutting torches 
as well. When not in use for welding it is employed as a 


Using 


Fig. 28—Center Holes in Trunnion-Bearing Blocks Are Cut Out Before Profiling 
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30—SpAcial Contour Bereling AttachmAnt on Oxygfxaph 
b UsAd Haia to Cut a BataI on an IrrA^ular Curyad Part. 
Nota SmoathnAAS ot Cut on Finishad Piaca in Foraoround 


Fig. 32—Gat Cutting Satup for Trimming Raar Edga of Gun 
Mount Slida. Cloaa Tofarancas Ara Mat on ThoM Cnia 


Fig. 31—Planonaph Setup for Trimming Comer Radiiu of Gun 
Mount Slide Aitar Welding. Cut It Made Tan^nt to Mackina 
Finish Lina of Horixontal Edga at Right, for -lool Clearance 


fig. 29—Closa-up of Steal Cam Used in Hg. 28, Showing 
Entrance and Exit Gates 


standard cutting machine. In Fig. 28, for example, it is 
being used with four torches for cutting trunnion bearing 
blocks in multiple from 4Vj-in. plate, using a magnetic 
tracer and steel cam. This cam is shown in Fig. 29, 
with movable entrance gates and a separate gate in 
the center for leading the tracer out from the lanced 
starting holes to the circular center opening which is 
cut first. These bearing blocks were formerly made by 
forging, but as the available forging facilities became in¬ 
adequate we turned to flame cutting to insure a sufficient 
supply of the blocks. 


Contour Beveling Attachment 

Our strict requirements for uniformity throughout the 
length of a weld, as a means of controlling shrinkage, 
brought another cutting problem. Bevels of exact di¬ 
mensions could easily be cut along straight lines or cir¬ 


cular arcs, but no equipment was available for cutting an 
accurate bevel along irregular contours. While the need 
for such apparatus is normally not very great, we had 
sufficient use for it to warrant building an attachment to 
a standard Oxygraph for this purpose. As illustrated 
in Fig. 30, this attachment provides for rotational move¬ 
ment of a beveling torch through gears and shafts which 
transmit any degree of rotation of the tracing wheel post 
to the torch mounting post. Close study of this photo 
will show a spur gear mounted on the tracer post, 
meshed with a similar gear on a parallel shaft which, 
through housed bevel gears, drives a horizontal splined 
shaft on the torch bar. Keyed to this shaft at the torch 
mount is another set of bevel gears which transmits mo¬ 
tion to the torch post. All pairs of gears are 1 to 1 ra¬ 
tio. Through this sytem, any change in direction of 
the tracing wheel is transmitted equally to the torch, 
keeping it always in line with the radius of any curve be¬ 
ing beveled. 

The torch mount is lined up to the work by means of 
a center point dropped from the hollow center of the 
post, lining up^ to the edge of the piece to be beveled. 
The torch is then adjusted to give the angle and depth of 
bevel desired. Fine control of the rate of manual turning 
around curves is provided by a long rod passed through 
the axis of the tracing wheel. The smoothness of cut 
obtained with this machine is shown in the finished 
trunnion-bearing support in the foreground in Fig. 30. 
Multiple torch bev^ng can be accomplished with this 
setup by simply mounting one or more additional torch 
mounts on the splined shaft. 
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Finishing Cuts on Weldments 



Fig. 33—Weldment la Set in Pit lor Convenience in Cutting 
Notch with Camomaph. See Text lor Description ol Method ol 
Locating Machine on Work 


A great many man-hours of machining have been elimi¬ 
nated on the various subassemblies by judicious use of 
flame cutting. The practice mentioned previously of 
making these cuts on finished or semifinished weldments 
is one way that this is accomplished. This practice 
serves further as an excellent illustration of the flexibility 
of flame-cut and arc-welded fabrication. A few illus¬ 
trative examples are given in the following. 

In Fig. 31 a finished radius cut on a gun mount slide 
weldment is shown. This cut is made with a small 
Planograph prior to machining of the horizontal edge 
at the right of the curve. This simple cut saves a con¬ 
siderable number of man-hours of machining time for¬ 
merly required. This cut not only shapes this area to 
finish dimension but it provides a tool relief cut for plan¬ 
ing the adjacent plate edge and eliminates a separate 
machine setup. 

A finished radius cut on another edge of this weldment 
is shown in Fig. 32. This cut, made with a Radiagraph 
on a 6 ft. radius at a bevel of 25® 30', is made after 
welding because the center point of the radius is on a 
boss which is part of a forging welded into the assembly. 
Altogether three forgings and four flame-cut sections of 
plate are employed in ^is assembly. This radius bevel 
is cut slightly oversize and then hand ground to the 
finish line after final stress-relief annealing, a simple pro¬ 
cedure which saves considerable time over the machining 
operation previously used. 

The end section of the gun mount slide is also a forg¬ 
ing, notched after welding by the Camograph shown in 
Fig. 33. Of interest in this setup is the method of locat¬ 
ing the cutting machine on the workpiece. A template is 
first laid on the work, locating points for four prick 
punch marks. The Camograph is then set down on the 
work, and four pointed thumb screws threaded through 
the base of the machine are screwed down. This ma¬ 
chine is joggled to bring the screw points into the punch 
indentations, thereby locating the machine in exact po¬ 
sition for cutting the notch. The fixed cam on the ma- 
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Fig. 34—This Impressiye Bank of Welding Positioners in the East End of the Welding Shop Indicates the 
Magnitude of the Production Layout for Fabricating Gun Mounts at Northern Ordnance 
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chine is designed to accommodate either right or left- 
hand gun mount slides. 

Conclusion 

As mentioned in the introduction to this paper, the 
foregoing discussion has been devoted largdy to the 
more unusual applications of machine gas cutting, giving 


little attention to the more or less standard practices of 
single and multiple cutting which are likewise followed 
at Northern Ordnance. 

Altogether, a total of ifiore than a million cubic feet of 
oxygei per month is consumed in our normal cutting 
operations. Some idea of the magnitude of the fabrica¬ 
tion operations may be gained from Fig. 34 which shows 
an almost endless battery of welding positioners in one 
bay of the fabricating shop. 
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Tubes, Welded Steel. Flash Welding SAE 4130 Steel Tubing, 
W. Pestrak and W. W. Ackerman. Iron Age, vol. 155, no. 4 
Gan. 25, 1945), pp. 46-49. 

Tubes, Welded Steel. Some Applications of Welded Aircraft 
Tubing, J. S. Adelson and P. Hill. Steel Processing, vol. 30, no. 12 
(Dec. 1944), pp. 806-808, 816. 

Water Heaters, Gas. Building A. O. Smith's Permaglas Water 
Heater. Gas, vol. 20, no. 12 (Dec. 1944), pp. 20-21. 

Welded Steel Structures. How Arc Welding Affects Design of 
Machines and Structures, W. J. Conley. Can. Machy., vol. 55, 
no. 12 (Dec. 1944), pp. 390, 394, 396, 398. 

Welding Shops, Floating. Diesel-Powered Welding Barge 
Speeds Shipyard Operations. Power, vol. 89, no. 1 (Jan. 1946), 
pp. 30-31. 

Welds, Testing. Effect of Time of Storage on Ductility of 
Welded Test Specimens, C. E. Jackson and G. G. Luther. Am. 
Inst. Min. & Met.—Tech. Publ., no. 1772 for meeting C^t. 1944, 8 
pp. (Metals Technplogy, Jan. 1945). 
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Helium-Shielded Arc Welding* 


By L. V. Barbert and H. S. Kennedy^ 


I F IN the postwar era lighter metals like aluminum 
and magnesium are substituted for steel in automo¬ 
bile bodies, railroad cars, farming implements, 
machinery, portable tools and other products for 
home and industry, the technique of electric arc welding 
may advance to a point far beyond that reached in the 
present war period. 

Developed during World War I of 1914-17, the art of 
electric welding first was considered little more than a 
“repair” tool and was used widely in reconditioning 
Army trucks and other vehicles and in repairing sabo¬ 
taged enemy vessels seized by the Navy. After the war, 
industry slowly accepted electric arc welding as a “tool 
of production,” but not until the second World War was 
the real value of this art in accelerating production fully 
demonstrated. 

Welded Liberty ships. Victory freighters, Sherman 
tanks, airplane fuselages and housings and other parts of 
machine tools and Diesel engines represent only a small 
fraction of the wartime application of the welder’s torch, 
which has speeded output, reduced costs and turned out a 
lighter, stronger finished product. 

One of the most important factors contributing to the 
greatly expanded use of magnesium and its alloys in in¬ 
dustry, particularly aircraft, is the development of he- 
lium-sUelded arc welding. Because of the affinity of 
magnesium for oxygen and nitrogen, especially at high 
temperatures, welding of this metal and its alloys was 


* Published by permission of the Director, Bureau of Mines. U. S. Dept, 
of the Interior. 

Information Specialist, Bureau of Mines. 

I^incipal Petroleum Engineer, Petroleum and Natural Gas Div., Bureau of 
Mines. 


impossible before the process of welding in an inert-gas 
atmosphere was introduced. 

In this operation, an inert gas, such as helium, fed 



Courtesy Bur. of Mints, U. S. Dept, of the Interior 


With helium produced only by the Bureau of Mines, the heliarc 
welding process has made possible the weldina of magnesium and 
its alloys, now widely used in the construction of airplanes and other 
products. Here, a silver-white sheet of this inflammable, lightweight 
metal is being welded manually with helium acting as a shield, 
holding off oxygen in the air and preventing the metal from bursting 
into flame. Chains hold the sheet in place as the welder manipu¬ 
lates his hand torch. The name “heliarc,'' as applied to helium- 
shielded arc welding, is the patent of The Northrop Aircraft Corp., 
Hawthorne, Calif. 



Courtesy Bur. of Mines, U. S. Drpt. of the Interior 


Interior View of the Compressor Building at the Otis, Kan., 
Helium Plant 

This Is one of the newest of five helium plants which the Bureau 
has operated during the War to provide helium for military purposes 
and for industrial and scientific uses. 


Interior View of the Compressor Building at the Ezell 
Helium Plant of the Bureau of Mines at Ezell, Tez, 

This plant is one of five operated by the Bureau to provide 
helium for military purposes and for industrial and scientific 
uses. 
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Exterior View d the Carbon Dioxide Removal Unit of the 
Burean of Mines Exell Heliom Plant at Exell, Tex. 


through a nozzle that surrounds the tungsten or carbon 
electrode, completely envelops the lower end of the elec¬ 
trode and the work directly beneath it, shields the molten 
metal from the normal atmosphere, and prevents the 
formation of injurious oxides, nitrides or other com- 
poimds that would impair the strength of the weld. 

In this process—readily adaptable to automatic as 
well as manual operations—coated welding rods and 
fluxes are not required for fabricating magnesium and 
its alloys, but fluxes still are used in welding aluminum. 
Current experiments, many involving confidential Gov¬ 
ernment and private research, are expected to solve some 
remaining problems in welding aluminum. 

Helium-shielded arc welding of magnesium and its 
alloys is a d.-c. process utilizing standard types of d.-c. 
welding machines, approximately 150-amp. capacity for 
lighter gages up to about */n in. and about 300 amp. ca¬ 
pacity for heavier gages or for high-speed welding. Be¬ 
cause straight polarity results in an unstable arc and ex¬ 
cessive “spatter,” magnesium always is welded with re¬ 
verse polarity; that is, with the electrode positive and 
the work negative. 

Commercial helium of 98% piuity, as supplied by the 
Federal Bureau of Mines, sole producer of helium, to var¬ 
ious commercial dealers in compressed gases, is pure 
enough to give satisfactory welding results. Excesses of 
impurities have very pronounced undesirable effects on 
welds. Water will break down in the arc to form hydro¬ 
gen and oxygen. The hydrogen, being readily absorbed 
by the molten metal, produces bad porosity, while the 
oxygen reacts to form magnesium oxide. 

Although helium-shielded arc welding has had its 
greatest development and improvement in the aircraft 
industry, postwar fabricators of light metals foresee con¬ 
tinued progress in the process, which already has dem¬ 
onstrated its efficiency, low cost and performance in one 


spectacular wartime field. The increase in the field of 
application depends largely on the expansion in the 
structural use of magnesium and aluminum alloys. 

One large aircraft manufacturer using considerable 
helium both in automatic and in manual welding has es¬ 
timated that a cylinder of helium, containing approxi¬ 
mately 200 cu. ft. of the gas, will last 48 to 52 welding 
hoius in an automatic operation on V«-in.-gage magne¬ 
sium alloy at a rate of 48 in. per minute. 

The Bureau of Mines now sends helium to Army and 
Kavy depots in tank-car lots, about 200,000 cu. ft. at a 
time. Less than 100 of these tank cars are available at 
present and virtually all are in continuous military serv¬ 
ice. 

No commercial gas distributor has acquired a sufficient 
volume of business to warrant tank-car deliveries, but it 
is highly probable that in the postwar expansion of the 
applications of helium, tank-car orders to commercial 
outlets may become common. Although the Bureau 
controls the entire production of helium, the distribution 
of the gas (other than that consigned to Government 
agencies, including the Army, the Navy and the Weather 
Bureau), is handled by commercial distributors of com¬ 
pressed gases, who now have supplies in cylinders avail¬ 
able in the principal cities of the country. 

Not fully developed is the application of helium- 
shielded arc welding to stainless steel. However, another 
aircraft manufacturer, adopting this method in fabri¬ 
cating stainless-steel manifold ei^aust collectors, antici¬ 
pates a 30% increase in production and a $43,000 per 
year reduction of costs in one department alone. 

The large savings result from the speed and high 
quality obtained with helium-shielded arc welding, as 
well as from elimination of the need for flux and the al¬ 
cohol and shellac required for mixing the flux. 

The direction of a low-velocity stream of helium gas to 
the arc tends to concentrate the heat in the immediate 
vicinity of the arc and has a beneficial effect on the de- 



Courlesy Bur. of Mintt, U.S. Dept, of the Interior 


Northrop Automatic Heliarc Welder—Note the Gear Box Driv- 
ing Mechanicm—1 Mg. Hold-Down Removed 

Speeding up the fabrication of magnesium and its alloys, now 
widely used in the construction of airplanes and other products, 
automatic heliarc welding equipment effects savings in man-hours 
and money. Helixim produced only by the Bureau of Mines acts 
as a shield, holding off oxygen of me air and preventing this in¬ 
flammable metal from bursting into flame. This automatic heliarc 
welder, with one "hold-down'' removed from the driving me¬ 
chanism, shows the torch and rod in welding position. The name 
"heliarc," as applied to helium-shielded arc welding, is the patent 
of The Northrop Aircraft Corp., Hawthorne, Calif. 
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posited weld metal. Because the heat does not travel a 
great distance from the weld area, warpage and subse¬ 
quent hand forming, after the weld cools, are eliminated. 
By methods formerly employed, warpage of the stainless 
steel was so prevalent that hand forming was required on 
almost all pieces welded. 

In testing stainless steel 90° angle welds, operators 
have far surpassed Army specifications, which require a 
90° bend, whereas the tests have produced bends of 270° 
without fracture. Armor plate also has been welded suc¬ 
cessfully with uncoated electrodes, eliminating the ne' 


cessity of removing the electrode slag normal to coated 
welding rods. 

More than a quarter of a million cubic feet of helium 
are consigned each month by the Bureau of Mines for 
arc welding and other commercial, scientific and medical 
uses, and experiments now under way promise its further 
usefulness in welding and raetallurgicsd processes. With 
5 plants capable of producing far more than military and 
other Government demands, the Bureau still has avail¬ 
able several million cubic feet of helium per month for 
nonrailitary uses. 


Fire Hazard Aboard Ship 

By Guy Amodeo* 


T he fire hazard in shipbuilding and repair is 
greater than every today. Our modem ships, 
combining fuel oil, gasoline, munitions, plus weld¬ 
ing and burning, provide a serious problem in fire pre¬ 
vention and fire fighting, which cannot be ignored in any 
shipyard. 

The first approach to the problem is the education of 
the yard personnel as to the danger involved. Welders 
and burners who are the cause of many fires must be im¬ 
pressed that fire prevention is one of their prime duties. 
Evep^ welding operator and burner must, before starting 
his job, be certain that no unsafe condition exists. He 
must check the other side of the bulkhead or deck he is 
working on and be certain that the other side is not a fuel 
tank, powder magazine, paint or medical locker or con¬ 
tains clothes or other inflammables or explosives. This 
is his responsibility and must be checked personally, 
taking no one’s word for it that the job is safe, even 
though the someone be the captain of the ship. I know 
of one case where an officer assured me that a job was 
safe. Upon checking, on my insistence (he didn’t 
have the keys handy), it turned out to be a powder maga¬ 
zine loaded with powder. A few minutes of welding on 
that bulkhead, and the ship, with perhaps several others 
tied alongside, would have been blown sky-high. 

On every ship, with the exception of ships under 
construction, every welding operator and burner must 
be supplied with an assistant or “fire-watcher.” The 
fire-watcher is furnished with COs fire extinguisher, 
the use of which has been explained to him. It is his 
job to assist the welding operator in preventing and 
putting out any fire that may start, before it can become 
serious. Ninety per cent of the time, the fire started can 
be extinguished without the use of the extinguisher. 
In working close to electric cables, to prevent damage, the 
cables are wrapped with asbestos cloth. However, the 
responsibility must rest with the mechanic. He cannot 
afford to accept the fire-watcher’s -statement that the 
other side is sade. The assistant is placed at the discre¬ 
tion of the welding operator or burner, either alongside of 
him, on the other side of .the job, or below. On some 
jobs two or more fire-watchers should be used. 


• Welder Arc Elec. 1/c, U. S. Navy Yard. 


Fire marshals must be appointed to see to it that all 
fire-prevention regulations are carried out. These must 
be competent, intelligent men, and paid at least the me¬ 
chanic’s rate of pay. Their job is to make the rounds of 
the ship and see that no unsafe condition exists. They 
must make certain that no welding or burning is being 
done close to any fuel tank being cleaned, while the ship is 
being fueled or fuel removed or while munitions are 
loaded or unloaded. They must okay as safe any part 
of the ship where work is to be done. 

A fire-watcher should be established on shipboard or 
on the dock. Here the welding operator and burners 
pick up their fire-watchers and inform the Chief Fire 
Warden where their job is and obtain his okay. The 
station contains fire-fighting and rescue equipment in¬ 
cluding smoke masks and special safety clothes for rescue 
workers. 

On large ships, special fire rescue boxes are placed. 
These can be wood or metal boxes about 3x3x6 ft., 
painted red. The boxes are padlocked and the key 
placed in a small glass-covered box fastened with the 
lock where it may be obtained by smashing the glass. 
The box should contain asbestos gloves, No. 2 welding 
goggles, fire extinguisher (COj and water types), pails 
of sand, safety belts, a coil of rope, sledge, bolt cutter, 
insulated wire cutter, ax, shovels, etc. 

Any welding on tanks containing oil must be done only 
under the direct supervision of highly trained personnel, 
with men trained in fighting oil fires “standing by” with 
the proper fire-fighting equipment. 

Under no circumstances must welding or burning be al¬ 
lowed in or around any tank that has contained fuel until 
the tank has been cleaned, tested and certified as free 
from fumes. No welding or burning must be allowed in 
powder or shell magazines until the contents have been 
removed. Extreme caution must be used around depth 
charges and torpedoes on decks. Welding operators 
must fasten their welding leads overhead, out of the way. 
A worn spot in the cable, coming in contact with the 
deck or bulkhead, can make a spark and cause a ship to 
blow out of the water with great loss of life. 

When oil and munitions are involved, an ounce of pre¬ 
vention is worth more than a ton of CO*. Re¬ 
member, if the ship blows up, you’re blowing up with it! 
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Crystal gateways for your voice 



Four hundred and eighty telephone 
conversations over a coaxial cable 
was one of the last peacetime 
achievements of commimication 
research in Bell Telephone Labora> 
tories. In this multi-channel tele¬ 
phone system, each conversation 
is transported by its own high- 
frequency carrier current. At each 
end of the line are crystal gateways; each opens in response 
to its own particular “carrier*' with the message it trans¬ 
ports. In telephone terminology, these gateways are filters. 

The ultra-selective characteristic of these filters is made 
possible by piezo-electric quartz plates, cut in a special 


manner from the mother crystal, and mounted in vacuum. 
Each set of plates is precisely adjusted so that the filter 
responds only to the frequency of its assigned channel, * 
rejecting all others. In the coaxial terminal equipment, 
such crystal gates sort out messages for delivery to their 
four hundred and eighty individual destinations. 

In recent years, Bell Telephone Laboratories research 
has provided the Armed Forces with many types of elec¬ 
trical equipment in which frequency is controlled by quartz 
crystals. Notable is the tank radio set which enables a tank 
crew to communicate over any one of 80 different trans¬ 
mission frequency channels by simply plugging in the 
appropriate crystal. The future holds rich possibilities for 
the use of quartz crystals in Bell System telephone service. 



BEii TELEPHONE L A . O . * T O B ■ E ■ 

Exploring and inventing, devising and perfecting for our Armed Forces at war and for continued improvements and economies in telephone sendee. 
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AMERICAN WELDING SOCIETY 

ACTIVITIES - BELATED EVENTS 


NOTICE TO MEMBERS 

Several libraries have requested assist¬ 
ance in securing bound volumes of The 
Welding Journal. Volumes for the fol¬ 
lowing years are missing: 1935, 1936 and 
1939. 

The Society will pay $5.00 for each 
bound volume of these years received in 
good condition. 


1945 A.W.S. DIRECTORY 

In order to conserve paper the new 
1946 A.W.S. Membership Directory, now 
available, will be only sent to those re¬ 
questing a copy. There is no charge to 
members of the Society. Address request 
to: American Welding Society, 33 
West 39th St., New York 18. N. Y. 


AWARD PROGRAM FOR TEXTBOOKS 
IN MODERN DESIGN 

A project in the form of an Award Pro¬ 
gram to encourage the preparation and 
publication of textbooks, one on machine 
design and another on structural design for 
fabrication by all processes, including 
welding, is announced by The James F. 
Lincoln Arc Welding Foundation, Cleve¬ 
land, Ohio. 

Said to be an important contribution 
toward stimulating instruction and study 
for engineering undergraduates in these 
important fields, the program will sub¬ 
stantially reduce the usual delay between 
process developments in industry and the 
treatment of these new developments in 
textbook form. This is particularly sig¬ 
nificant in view of the many new applica¬ 
tions and improvements in welding design 
techniques that have resulted from the 
intensified activity and advancements in 
arc welding during the past 3 wartime 
years. Thus, the prime effect of the plan 
will be to render a service to engineering 
colleges and to the industries which employ 
their graduates by making this pertinent 
and timely information more conveniently 
available and comprehensible. 

The Committee on Rules is comprised 
of the following Deans of Engineering; 
Ivan C. Crawford, Dean, College of Engi¬ 
neering, University of Michigan; H. P. 
Hammond, Dean, School of Engineering, 
Pennsylvania State College; S. C. Hol¬ 
lister, Dean, College of Engineering, 
Cornell University; F. Ellis Johnson, 
Dean, College of Engineering, Univer¬ 
sity of Wisconsin; Webster N. Jones, Di¬ 
rector, College of Engineering, Carnegie 


Institute of Technology; S. C. Lind, 
Dean, Institute of Technology, Univer¬ 
sity of Minnesota; C. E. MacQuigg, Dean, 
College of Engineering, Ohio State Uni¬ 
versity; E.J. Streubel, Dean, Polytechnic 
Institute of Brooklyn; E. E. Dreese, 
Chairman, Department of Electrical En¬ 
gineering. Ohio State University. 

The Foundation’s new project, known 
as “The $20,000 Award Program for Text¬ 
books Covering Machine and Structural 
Design for Modem Processes’’ is made 
eligible to any person in the teaching pro¬ 
fession. in industry, or engaged in private 
consultation. A manuscript may be sub¬ 
mitted jointly by two or more persons. 
No one person can participate in the writ¬ 
ing of more than one manuscript in each 
class—Machine Design and Structural 

Design. 

The awards in the program are divided 
into two classes: Class A, Machine De¬ 
sign; and class B, Structural Design. 
There are three awards in each class as 
follows: 

Class A—Machine Design: First 
Award, $5000; Second Award, $3000; 

Third Award, $2000. 

Class B—Structural Design: First 

Award, $5000; Second Award, $3000; 

Third Award, $2000. 

If the Jury of Award so recommends, 
the First Award papers in each class of 
participants will be published by a rec¬ 
ognized publisher of engineering textbooks 
and the authors will receive royalties from 
their textbooks when sold in book form. 

Papers will be judged by a Jury of 
Award drawn from appropriate branches 
and institutions of engineering education. 
Selection of the jury will be under the 
direction of the Chairman of the Jury of 
Award, Doctor E. E. Dree.se, Ohio State 
University, Columbus, Ohio. 

Judgment to be made by the Jury of 
Award in rating the merits of the manu¬ 
scripts will be based on the factors of (a) 
educational value and utility, (5) excel¬ 
lence and modernity of content, (r) ade¬ 
quacy in coverage of designing for weld¬ 
ing, (d) clarity and logic of arrangement, 
(e) completeness and thoroughness of 
treatment consistent with proper length 
for collegiate use, (/) proper balance of 
topics in accordance with importance and 
(g) indications of future progress in the 
given field. 

While the purpose of this Award Pro¬ 
gram is to encourage the writing of the 
most modem texts in machine design and 
stmctural design, revisions of existing 
textbooks in these fields are eligible. 

The subject matter of the manuscripts 
is to be suitable for collegiate engineering 


textbooks in Machine Design and Struc¬ 
tural Design, with the objective of pro¬ 
ducing the most modem textbooks in these 
fields. Fabrication methods, including 
welding, are to be treated as elements in 
design practice so as to provide a well- 
balanced treatment. 

Welded design may be treated as a 
separate subject in a chapter or chapters 
devoted to that purpose, or it may be 
treated appropriately throughout the text¬ 
book. It is to be noted especially that 
the subject matter dealing with Machine 
Design and Structural Design is to be up- 
to-date as to design principles, while at 
the same time suitable for basic textbooks 
for undergraduate engineering students. 
Undue or unwarranted emphasis on any 
special fabricating or shop process is to be 
avoided. The purpose is to produce a 
well-balanced text of greatest utility as a 
basic engineering textbook. 

The James F. Lincoln Arc Welding 
Foundation has conducted numerous 
award programs in the past. Among 
these have been the General Industrial 
Award Program, and the Industrial Prog¬ 
ress Award Program, which have been 
participated in by business executives etc. 

Another recent program of The Founda¬ 
tion was the Undergraduate Award and 
Scholarship Program, participated in by 
engineering undergraduate students. 

The Foundation has also been active in 
establishing special book collections in 
engineering schools. 

The Foundation, which was created in 
1936 in honor of James F. Lincoln, presi¬ 
dent of The Lincoln Electric Company, 
Cleveland, Ohio, has also published books 
such as “Arc Welding in Design, Manu¬ 
facture and Construction,” “Studies in 
Arc Welding” and “Maintenance Arc 
Welding,” 

Further details of this new Award Pro¬ 
gram for textbooks, which closes May 15, 
1946, may be obtained by addressing The 
Secretary, The James F. Lincoln Arc 
Welding Foundation, Cleveland 1, Ohio. 


1944 BOOK OF A.S.T.M. STANDARDS 

The complete new 1944 Book of 
A.S.T.M. Standards, issued in three parts 
contains in their latest approved form all 
of the Society’s widely used specifications 
and tests for materials. A most im¬ 
portant book in connection with the pro¬ 
duction, purchase and use of materials, 
the latest edition has 1235 specifications 
and standard methods which cover more 
than 6000 pages. 
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For detecting welding defects—porosity, incom> 
plete fusion, inclusions, cracks, etc .—before they 
can cause trouble, this K£LEK£T X*ray unit com¬ 
bines ample power with simplicity of operation 
that is almost unbelievable! It enables you to 
train an employee in the shortest possible time to 
produce radiographs that are uniformly good 
and easy to read. 

The control panel has only half as many con¬ 
trols as conventional equipment of similar ca¬ 
pacity. With so few controls to manipulate, the 
operator can concentrate thoroughly on the 
actual radiographic problem. 

Chances for human error are reduced to the 
minimum by numerous automatic features, many 
patented and exclusively KELEKET. Simple push 


buttons control milliamperage and kilovoltage. 
Pilot lights automatically flash warning signals 
to prevent overload or other injury. Should the 
power exceed the tube rating, it is automatically 
shut off. The unit is self-protected against surges 
in line current, and adjustments for voltage va¬ 
riations can be made while the machine is in 
operation. 

The entire unit, completely shockproof and 
rayproof, is very compact. Transformers and oil 
cooler are self-contained in the tubehead which 
can be mounted on a jib crane or hand truck. 

Learn how this new KELEKET 250 KV unit 
can help reduce weld failures in your plant. Ask 
the KELEKET representative in your city or write 
us direct. 


KELLEY-KOETT MFC. COMPANY 



9184 WEST FOURTH ST., COVINGTON, KY. 
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All specifications, whether formal stand¬ 
ards or tentative are given. The Book is 
issued in three parts, the divisions being as 
follows; 

Part I, Metals. —Ferrous and non- 
ferrous metals (all A and B and some E 
serial designations) except methods of 
chemical analysis. General testing meth¬ 
ods (E serial designations). 

Part II, Nonmelallic Materials — Con- 
structional. —Cementitious materials, con¬ 
crete and aggregates, masonry building 
units, ceramics, pipe and tile, thermal in¬ 
sulating materials (all C serial designa¬ 
tions). Wood and wood preservatives, 
paints, varnishes and lacquers, road ma¬ 
terials, waterproofing and roofing ma¬ 
terials, soils (certain D serial designations). 
General testing methods, thermometers 
(E serial designations). 

Part III, Nonmelallic Materials — Gen¬ 
eral. —Fuels, petroleum products, elec¬ 
trical insulating materials, rubber, tex¬ 
tiles, soaps and detergents, paper, pieties, 
water (remainder of D serial designations). 
General testing methods, thermometers 
(E serial designations). 

An innovation in this 1944 Book is the 
inclusion of |^11 emergency standards and 
emergency alternate provisions which 
have been widely used to expedite pro¬ 
duction and procurement of important 
materials. 

Each part of the 1944 Book has a com¬ 
plete subject index (from 36 to 44 pages). 
There are two extensive tables of contents, 
the first lists all standards under general 
materials headings; the second according 


to the serial designations of the standards. 
These features facilitate reference to any 
subjects covered. 

Some idea of the large increase in the 
size of the Books is indicated from com¬ 
parative figures for 1939, 1942 and 1944. 
(Publication of the Books has been tri¬ 
ennial, until this latest edition, a full year 
ahead of normal issuance because of heavy 
demands for the 1942 book, much of it oc¬ 
casioned by the war effort.) 

1939—866 Standards—3700 pages 

1942—1104 Standards*—1900 pages 

1944—1235 Standards*—6030 pages 

* Not including emergency etendards, in 1942, 
19; 1944, 2b. 

Supplements, Detailed Index 

To keep the Books up to date, a supple¬ 
ment will be issued to each part late in 
1945. As a service with the 1944 Book of 
Standards there is a complete 200-page 
Index to Standards, which is furnished 
without additional chai'ge and a copy ac- 


Salas PricM—Including Supplemanta 
(Cloth Binding*) 

Any Any All 

One Two Three 

Part Parti Parts 

1944 Book of Standards 
and Tentative Standards, 

Parts I, 11, III 

List prices $10.00 $20.00 $?0.00 

Supplement for 1945 
List prices 4.00 8.00 12.00 

* For half-leather binding add $1.00 for each 
part and Supplement Part. 


companies the purchase of each part or 
complete set. 

Copies may be obtained from the Ameri¬ 
can Society for Testing Materials, 260 
South Broad St., Philadelphia, Pa. 


MASS PRODUCniON OF ALUMINUM 
BRIDGE PARTS 

A process of automatic carbon arc weld¬ 
ing, which was perfected by The Lincoln 
Electric Co., Cleveland, Ohio, is said to be 
the only method by which vitally needed 
aluminum parts for military bridges can 
be fabricated on a mass scale. , 

The welding equipment used for this 
high-production project is a Lincoln 
product known as the "Electronic Tor¬ 
nado." It'is a process of shielded carbon 
arc welding which has already established 
itself as the standard procedure where 
volume output is called for in fabricating 
various industrial and war essentials such 
as tanks, boilers, piping, automotive parts 
and various machinery items. 

Now, the process has been so success¬ 
fully applied to the production of alu¬ 
minum parts for special military bridge 
structures that 35 engineers representing 
14 different firms from 9 states have been 
attending a special eburse on the applica¬ 
tion of the "Electronic Tornado" in the 
automatic welding of aluminum at the 
Lincoln plant. A study of manual shielded 
arc welding of this metal is also included 
in the course which is being conducted by 
Lincoln welding engineers and consultants. 
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SPOT WELDING? SEAM WELDING? 

Here’s a NEW Method of Keeping Weld 
Current Constant . . . AUTOMATICALLY 



RESISTANCE-WELDING 

CONTROL 


ELECTRONIC 


FLEXIBLE 


IMPROVES WELD 


QUALITY 






In this application, the G-E currcnt-regulatins compensator 
enables the operator to use the press and gun welder inter¬ 
changeably, when welding materials of the same thickness, 
without making any additional adjustments—even though the 
resistance of the portable secondary cable for the gun welder 
is appreciably greater than the resistance of the secondary 
circuit of the press welder. 


G-E CURRENT-REGULATING COMPENSATOR 


.HIS new current-regulating com¬ 
pensator will automatically correct for 
line-voltage variations and power fac¬ 
tor, or impedance, changes, and will do 
it within three cycles. It will hold the 
current within plus or minus i per cent 
of normal, where changes would cause 
the unregulated current to vary as much 
as plus or minus 20 per cent. 

Yen Get These 5 Other Adventoges, Too 

1. Flexibility of Operation —^The same 
control settings can be used, and con¬ 
sistent results can be obtained when: 

(a) using a press-type spot welder; 

(b) using a gun welder connected, to the 
same welding transformer; or (c) weld¬ 
ing magnetic materials with a press- or 
gun-type welder with the material in or 
out of the throat of the welding machine. 


2» Improved ^a<a/fify—Without the 
use of this control, the introduction of 
material in the throat of the welder 
would cause unsatisfactory welds be¬ 
cause of the changes in welding current. 
It would do so in many applications, 
such as in the welding of barrels, pro¬ 
peller blades, or large steel assemblies. 

3. Seldom Needs Adjustment —After 
the operator has once determined the 
proper settings for an operation, no 
further adjustments are necessary—the 
current-regulating compensator takes 
care of variations. 

4. Electronic —Electronic tubes and 
circuits insure fast operation, good re¬ 
sults, long service, low maintenance. 

5. Correlated Design —This current- 
regulating compensator is designed for 


use only with G-E resistance-welding 
controls which include heat control by 
the phase-shift method. Complete inter¬ 
connection diagrams are supplied to 
assist in installing this equipment. 

Want More Infomiation? 

Bulletin GEA- 4220 , well-illustrated, 
describes all the features that make this 
new current-regulating compensator the 
solution of many resistance-welding 
problems. Ask our local office for a copy 
today. General Electric Companyy 
Schenectady J, N. Y. 

Buy oil th* BONOS )^u con — 
end kaap all you buy 


GENERAL ® ELECTRIC 
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MAINTENANCE WELDING 
From Eutectic Welding Alloys Co., 40 
North St., New York, comes the announce¬ 
ment that they have just brought out a six- 
page folder on their low temperature weld¬ 
ing rods. 


SUPPORTING COMPANIES 

Tide Water Associated Oil Company, 
Bayonne, If. J., producers and refiners of 
crude oil and manufacturers and marketers 
of Veedol motor oils, Flying “A” gaso¬ 
lines, Tycol industrial lubricants and other 
petroleum products. At its Bayonne, 
N. J., refinery it manufacturers high oc¬ 
tane aviation gasolines for the armed forces 
in its Houdry unit and in its new Thermo- 
for catalytic cracking unit. Also has ex¬ 
tensive refineries and other modem equip¬ 
ment in the Mid-West and on the Pacific 
coast. 

Hydraulic Supply Manufacturing Co.,* 
Seattle, Wash., designers, fabricators and 
erectors of steel products, hydraulic min¬ 
ing equipment, steel pipe, tanks and stacks, 
penstocks, s3q}hons and flumes, steel irriga¬ 
tion and dredge pipe, corrugated metal 
culvert pipe. Now engaged in the manu¬ 
facture of welded steel parts for Aircraft 
Carriers, Cargo Ships, and Destroyers, be¬ 
sides manufacturing pipe, structural steel 
weldments, chain, etc., for Army, Navy 
and Aircraft use. Main peacetime item 
is light gage mining pipe. Also make 
practically everything from welded steel, 
stainless steel, Everdur or nickel steel. 

* Sustuaing member. 



WELDED GEAR BLANK terest in this photograph is the rigging 

for preheating the piece. Note the 
The photograph shows a large half gear pipe around the circumference with gas 

blank being welded. This is for a gear flames playing on the rim. There is also a 

145'in. O.D., 31-in. face. The piece nozzle pointed at the bore with gas and air 
shown weighs 17,364 lb. A feature of in- lines connected to it. 



iicnnciK 


• "Take care to be an economist in prosperity; there is no Jear of your 
not being one in adversity:" Sound counsel for any businessman— 
including welders who spent over $85,000,000 for ''bottled” acety¬ 
lene last year, and this year can save fully two-thirds of that sum (over 
$56,000,000) by producing purer, hotter acetylene gas with 
Sight Feed Acetylene Generators. Be an economist in pros> 
perity—save in ’45 with Sight Feed! kfl 


Soles; Richmond, Indiono • factory; W. Aloxondria, Ohio 
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“IMPROVEMENT.. .the l(ey,”<&<M4^ 

Look, how Lincoln has improved the Shielded Arc Welding Process: 



The Pioneer of Shielded Arc Welding Announces "LINCOLN WELD” 

... 4e^ ietten. weidiM^ atlowen,co4t 


Shielded completely under a blanket of flux, the arc of “Lincoln- 
weld” brings to the welding world new high standards of speed, 
qu^ty and economy. Here are a few of the many advantages 
of this new Lincoln Automatic Metallic Shielded-Arc Process 
■ •. reported by many users for a wide variety of applications: 

VBSATIlf. Same flux . . . same electrode . . . same procedure . . . 
can be used for wide range of steel analyses. With simple change 
of electrode sixe, same equipment welds thin sheets or heavy plates 

EAST TO WSLD HOUZONTAL RLUTS. Simple to change from butts to 
fillets or laps. Deep-root penetration combined with high welding 
speeds assure welds of higher quality at lower cost. 


PRODUCES HfGH QUAUrr WELDS. “Lincolnweld” Flux gives quality 
results even in many steels of poor weldability. 

ARC COffTROi IS SAtPtt Balanced voltage type d.c. control . . . 
highly sensitive yet ru^ed and dependable. 

TAKtS WIDE RANGE OP ELECTRODE OZB. Accommodates Vi" to W 
electrode without change in head or control. 

NOT SENSmVE TO POWER LINE VOLTAGE VAKIATtONS. Assures weld 
uniformity at all hours of day or night even though there may be 
voltage variations in shop power. 

A booklet has been compiled giving ''Lincoln- 
weld" Jacts, procedures end results in a variety of 
applications. A free copy is yours for the asking. 


THE LINCOLN ELECTRIC COMPANY • DEPT. P-l • CLEVELAND 1, OHIO 


recou 
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iv' about 

ihermacote 

PlASnC COATED 

•COVER.. 


Ladd Stamps says: "We save 
welder's time with THERMA- 
COTE Cover Lenses because they 
last about 12 times longer without 
changing. Also oiir welders like 
them because they considerably 
reduce eye strain." 


Ladd Stamps is Welding Super¬ 
visor ior International Derrick and 
Equipment Company, Torrance, 
Cediiomia. With 11 years oi 
practical welding experience and 
a fine record oi welding produc¬ 
tion, Mr. Stamp adds another 
name to the long list of 
experienced welders who 
prefer THERMACOTE 
COVER LENSES. 


THERMACOTE CO. 

122 Arlington Street, N ewark 2, N. J. 
612 No. Mkhig on Ave. 11, Chicago, III. 
1101 McLaughli n Blvd. P ortland 2, Ore. 
420 South San Pedro Street 
Los Angeles 13, California 
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ELECTRODE CATALOG 

The Reid-Avery Co. has issued a de 
luxe catalog of its products. The booklet 
gives the classification and page index of 
Raco electrodes and welding rods, and 
complete technical data on each type of 
rod manufactrued, including the applica¬ 
tions, welding procedure, code accept¬ 
ability, physical properties, recommended 
current ranges, sizes, color of coating, color 
of tip. The pamphlet also includes gas 
welding rods. Copy available on request 
of The Reid-Avery Co., Dundalk, Balti¬ 
more 22, Md. 


11000 PRIZE CONTEST FOR TECHNICAL 
PAPERS ON RESISTANCE WELDING 
SUBJECTS 

In order to encourage the preparation 
of outstanding papers dealing with re¬ 
sistance welding subjects, the Resistance 
Welder Manufacturers* Association, Phil¬ 
adelphia, Pa., has for several years con¬ 
ducted a prize contest, the awards for 
which are announced annually at the fall 
meeting of the Abcbrican Welding So¬ 
ciety. The scope of this contest has re¬ 
cently been increased, bringing the total 
amount of the awards up to SIOOO. The 
prizes are to be awarded as follows: 

One prize of $500 for the best paper 
emanating from an industrial source, con¬ 
sulting engineer, government laboratory, 
or the like, in which the major portion of 
the subject matter is concerned with de¬ 
sign for resistance welding. This includes 
design of component parts to accomplish 
the maximum economy and welding qual¬ 
ity and also details of procedure, work 
preparation and work handling, etc. 

Two prizes of $200, each, will be 
awarded to the authors of two papers, not 
primarily concerned with design, which, 
in the judgment of the Board of Awards, 
are the greatest original contributions to 
the advancement and use of resistance 
welding. One of these two prizes shall go 
to the best paper emanating from a uni¬ 
versity source—that is, either an in¬ 
structor, student, or research fellow at a 
recognized university. The second of 
these two prizes shall be awarded for the 
best paper emanating from an industrial 
source. 

A fourth prize of $100 will be awarded 
to the author of the best remaining paper, 
which may fall in any of the three groups 
mentioned above. 

The contest is open to anyone, without 
restriction, from the United States, its 
possessions and Canada. It is also open 
to any member of the American Welding 
Society in any grade from any place in the 
world. The contest is considered as having 
opened September 1, 1944, and will close 
on midnight, July 31,1945. Papers which 
are to be presented at the Annual Meeting 
of the American Welding Society in 
October may also be entered in this con¬ 
test, in which case a draft or copy of the 
paper must be filed with the American 
Welding Society not later than July 31, 
1945. 

THE WELDING JOURNAL 
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All papers submitted in the contest be¬ 
come the joint property of the R.W.M.A., 
and the American Welding Society, who 
will retain all rights thereto. The Ameri¬ 
can Welding Society will appoint five 
judges, who will judge the relative merits 
of the various papers submitted and make 
the awards accordingly. The decision of 
the judges will be final. 

For the author or authors to be eligible 
for this award, the paper shall describe 
clearly original work done by them or 
under their supervision on resistance weld¬ 
ing in any of its aspects by any method or 
process. The paper shall be a full dis¬ 
closure of the subject. The paper shall 
contain no statement which is unethical 
advertising or sales promotion. The paper 
may contain statements of fact, including 
the names of either individuals or or¬ 
ganizations of any kind, commercial des¬ 
ignations, trade names, etc. The mini¬ 
mum length requirement is 2500 words. 

All papers must be typewritten, double 
spacing, written on one side only of blank 
white paper. Photographs, charts, graphs 
etc., may either be attached directly to 
the copy or may be detached, in which case 
they should be clearly identified with 
figure numbers, captions, etc. 


LAWSON JOINS INGALLS 

Mr. Heathcote W. Lawson, who has 
been Welding Specialist for the Fabri¬ 
cated Structural Steel Division of Bethle¬ 
hem Steel Co. for the past 14 years, has 
left that company to become Engineer 
of Research and Development for the 
Ingalls Iron Works Co., at their New York 
Office. Mr. Lawson is well known in the 
American Welding SoasTT, a Past 
Chairman of the Philadelphia and Lehigh 
Valley Sections. He has been District 
Vice-President of the Mid-Eastern Dis¬ 
trict for the past two years and is Chair¬ 
man of the Section Advisory Committee. 
He has been active in committee work, 
particularly on the Subcommittee on 
Structural Research at Lehigh Univer¬ 
sity. 



Heathcote W. Lawson 
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WHY WELDERS TAKE PAGE QUALITY 

FOR GRANTED For the ticklish welding job—or 

any welding job for that matter—good results demand 
uniform electrodes. 

PAGE believes that there is only one way to get real 
uniformity. And that is by rigid factory control of analyses, 
wire drawing and coating—constant factory test of weld¬ 
ing results. 

That's the PAGE way of making electrodes. And that's 
why those who know and use them take PAGE quality and 
uniformity for granted. 

PAGE offers a wide range of electrodes and gas welding 
rods. Your PAGE distributor offers you the advantage of 
long experience in selecting the one best rod for each job. 




your PAGE distributor and ask 
for a copy of this new, informative, up- 
to-date booklet on welding stainless 
steel. Or, if you prefer, write to the 
factory for your copy. 


Monessen, Pa., Atlanta, Chitogo, Denver, Los Angeles, New York, Pittsburgh, Portlond, Son Francisco, Bridgeport, Conn. 


I|A PAGE STEEL AND WIRE DIVISION 



AMERICAN CHAIN & CABLE 
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INCO MAN MADE TRENT TUBE 
MANAGER 

Frank G. Flocke, of Westfield, N. J., for 
the past 15 yr. a member of Technical 
Service, Devdopment and Research Di¬ 
vision. The Ipternational Nickd Co., has 
been made G^eral Manager of the Trent 
Tube Manufacturing Co., East Troy, 
Wis., producers of wdded tubing in stain¬ 
less sted, nickd, Mond, Incond and other 
nickd alloys. He assumed his new posi¬ 
tion on February 1st. 



F. G. Flocke 


Graduated as a mechanical engineer by 
New York University, class of 1929, Mr. 


Flocke has specialized in the welding and 
fabrication of nickel and nickd alloys since 
joining Inco's technical staff immediately 
after graduation. 

Mr. Flocke collaborated in such devdop- 
ments as the all-wdded railroad tank cars 
made of nickel-clad steel and other clad 
sted projects, like the lining of the holds on 
fishing trawlers. He has travded 
throughout this country and Canada in 
connection with problems involving the 
wdding of nickd and nickd alloys in all 
forms from tubing to large structural 
shapes. 

He is the author of many papers on 
wdding of these materials ddivered before 
or published by the American Welding 
Society and other professional societies. 
He has been secretary-treasurer of the New 
Jersey Section of the American Welding 
Society for the past two years. 


SUSTAINING MEMBERS 

United Welding and Construction Co., 
Inc., 2502-12 Bdgemont St, Philadelphia 
25, Pa.—Wdded fabrications, welded steel 
construction and general maintenance 
welding, tool and die salvage and metal 
spraying. At present, its shop facilities 
are being used extensivdy in the fabrica¬ 
tion of critical items for the Armed Serv¬ 
ices. United was formed primarily as a 
Service organization for Industrial units 
of all types in Metropolitan Philadelphia 
who do not have their own facilities for 
work covered by United’s experience and 


capacity. Twenty-four-hoiu" service is 
maintained at all times. 

The Youngstown Welding & Engineer¬ 
ing Company, Youngstown, Ohio, applies 
engineering to wdding problems. In the 
field of wddments composed of nickel, 
copper, chromium, in various commercial 
alloys considerable fabrication is carried 
out in the company's plant. Composite 
metals are produced on a large scale. 
Stainless sted, nickd, Mond, Inconel, etc., 
are applied as a surface to baser metals. 


SCIAKY BULLETIN 

The New Sciaky bulletin, No. 113-A. 
describes the series PMM-1 180-kva, 
seam wdders. General information and 
tooling data arc included in addition to 
actual machine specifications. 

Copies will be sent to all those making 
inquiries to Sdaky Bros., 4915 W. 67th 
St., Chicago 38, Ill. 


194S APPARATUS CATALOG 

The new VICTOR Gas Welding and 
Cutting Apparatus Catalog—104 pages— 
is the most comprehensive one issued in 
the industry. 

Because of the cost of this particular 
catalog, its distribution will need to be 
restricted at least to the extent of "first 
come, first served.” 

Catalog includes complete technical 



BRASS MAKES BULLETS 

Gas Plant Equipment to be 
safe, must be made of brass and 

other critical metals. 


Conserve your equipment. 
You may not get more. 


“^ASTIAM-BLESSINO?" 

4241 W. PETERSON AVE. CHICAGO 

Pioneers and Manufacturers of Precision Equipment for 
Using and Controlling High Pressure Goses 



BETTER WELDING 

at 


LOWER COST 



INK HALF 


UNIRfATtD 


NO-SPAT 


The Welding Fluid 
That Is Non-Toxic 


NO-SPAT pr*T*nto w*ld- 
ing ipAtlM irom adhering 
to mot«l nulacaa — pn^ 
tocti mot«l against mat — 
sasas tima and labor costs. 
THIS HALF Eapacially raluablo in 

TREATlb kaoping walding Jigs 

WITH elaan. Unbiaaad aciantUic 

NO-SPAT taata ahow NO-SFAT main- 

taina maxinnn walding atrangth — roducot fontaa 30 paroanl — doaa 
not pioduca carbon monoxida. Eztramaly InazpanalT*. No mixing r^ 
quirad. No Uma waalad. Apply and atari walding at onca. Writa lot 
FREE SAMPLE and datallad anginaaiing taat BnllaUn. 


FREE 

SAMPLE 


THE MIDLAND PAINT & VARNISH CO. 

Bobo Avobbo ClowoUad 8 , Ohio 
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Manufacturers and power companies have long been 
at odds over the problem of supplying power for 
heavy reactive loads. Particularly in the case of 
heavy duty resbtance welding of steel, power sup¬ 
pliers have often found it necessary to place a de¬ 
mand charge on the manufacturer. 

One reason for this is that conventional welders must 
utilize the comparatively high frequency alternating 
current in their secondary circuit High frequencies 
mean high reactance, with resultant operation at very 
low power factor — often 25% or less. Low power 
factor means more current must be available to meet 
the same demand . . . often requiring a boost in the 
size of distribution facilities. 

Sciaky “THREE-PHASE” welders arc designed to 
overcome this, as well as other difficulties encountered 
in heavy duty resistance welding. An ideal low fre¬ 
quency current is produced at the electrode tips by 
an ingenious system of first, rectifying all three phases 
of the supply to d.c., then reconverting to an alternat¬ 
ing impulse. Operation is on a balanced three 
phase load at near unity power factor. 

Bulletin 20i-A describing fully the Sciaky *‘THREE- 
PHASE'' principle will be gladly sent on request. 



Complet* lin* of AC and DC Eloctric Rotittance Welding Machines 

4915 West 67th Street, Chicago 38, Illinois 

OfRces in Detroit, Lot Angeles, Woshington, Cleveland and New York 
Representatives in Principal Cities 

In Englond: Sciaky Electric Welding Machines, Ltd., London 
In Prance: Sciaky S.A., 13,15 Rue Charles Fournier, Paris 



The Sciaky THREE-PHASE principle 
ha$ been effectively applied to heavy 
gauge seam welding. The machine il¬ 
lustrated (type PHiM.2T-13) welds 
steel up to two thicknesses of .109” and 
can achieve a speed of 84” per minute 
on two thicknesses of .040”. Trans¬ 
former rating is 120 KVA at 50% duty 
cycle. Unit is entirely self-contained 
with hinged side mounted rectifier and 
control cabinets. Electronic controls 
provide adjustable on-off lime, squeeze 
and hold time. 
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data, design features and illustrations as 
to the use of Victor nozzles, torches, cut¬ 
ting attachments, cutting tips and torches 
including underwater cutting. 

Copy available by request of Victor 
Equipment Co., 844-854 Folsom St., San 
Francisco, Calif. 


CHICAGO BRIDGE 4 IRON COMPANY 
REOPENS LOS ANGELES OFHCE 

The Chicago Bridge & Iron Company 
reopened its Los Angeles office on January 
2, 1945. It is at the same location. Room 
1105 in the William Fox Building. 

The office is in charge of Dean E. 
Stephan who, for the past several years, 
has been assistant to James C. Vosburgh, 
Manager of the Chicago Bridge & Iron 
Company’s office in Washington, D. C. 
Before going to Washington, Mr. Stephan 
was a member of the company’s Birming¬ 
ham sales office staR. 


OXYACETYLENE PIPE-UNE DISTRIBUT- 
ING SYSTEMS 

Victor Equipment Co. has issued an 84- 
page book giving a comprehensive review 
of the entire subject, from the production 
of calcium carbide and acetylene gas to the 
equipment needed for oxyacetylene dis¬ 
tributing systems—replete with illustra¬ 
tions, charts and easily read engineering 


data. It answers, authoritatively, all 
pertinent questions. 

Free circulation of this book is restricted 
to engineers and welding department su¬ 
pervisors. 


HANDLING LONG LOADS 

In the manufacture of landing mat strips 
the handling and transportation of large 
unit loads by electric industrial trucks pre¬ 
sented difficulties due to the ungainly 
dimensions of the material. Aisles were 
not wide enough to permit carrying the 
strips crosswise of the platform, and the 
standard platform was not long enough to 
permit carrying them lengthwise and have 
a well-balanced load. A wholly satis¬ 
factory solution was obtained by con¬ 
structing an auxiliaiy dolly mounted on 
casters, which can be moved about manu¬ 
ally to a limited degree and can also be 
transported rapidly between various oper¬ 
ating departments by the electric truck. 

The dolly was made by welding flame- 
cut parts of standard flat rolled shapes. 
A steel fitting bolted to the forward end of 
an Elwell-Parker power truck platform 
provides for a pin connection between the 
base frame and the truck. The truck lifts 
only one end of the dolly and can either 
push or pull the load through narrow aisles 
and around comers with ease and safety. 

This arrangement for handling loads of 
long pieces has the advantage that the 



tmck can be made quickly available for 
handling other types of loads on skids in 
the same plant. The superstructure il¬ 
lustrated was designed especially for hand¬ 
ling landing mat strips. It can easily be 
modified to accommodate other tjrpes of 
material in long lengths such as tubes, 
bars, small trusses and the like. The Ell- 
well-Parker Electric Co., Cleveland, Ohio. 





WELDING RODS 


Available again, after three years of war service. 
DUCTONE AC rods are designed and manufactured 
especially for AC welding. It is the best rod for all 
position and general purpose welding. DUCTONE AC 
rods have deep penetration, are good on dirty mate¬ 
rials and operate on exceptionally low current. Small 
sizes ore especially good for thin 
sheet metal. Excellent for vertical 
and overhead welding on DC posi¬ 
tive polarity, Extruded in all sizes 
from 1/16" to 1/4". See your dealer. . 


JkvmiloMm for Ohtribvfort 


CATALOG 


Wc manufacture a complete line 
of resistance spot welders from 
Yf to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 


TRANSFORMERS OF ALL TYPES 


WE INVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES. 


CHAS. EISLER 
EISLER ENGINEERING CO. 

779-SO. IJth ST. N... AVON AVE, NEWARK,3 N. J. 


Chicogo Steal and Wire Co. 
103rd St. and Terrence Ave. 
Chicago 17, Illinois 


Reach for 

DUCTONE 

(E60n) AC (E6013) 
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With a picture 
of his work, the welder can lay cUantr beads. As a 
result, secondary operations—chipping, grinding 
and wire brushing—cost less in time and money. 

Noviweld-Didymium Lenses enable the welder 
to look right through cloudy yellow sodium flare 
and see the rod and molten area dearly—with 


full protection against the dangerous hazards of 
ultra-violet and infra-red rays. 

Kiiht noWy you can get immediate delivery of 
Noviweld-Didymium Lenses for the welding gog¬ 
gles of all of your operators in shade numbers 4, 
5 and 6. Phone, wire or write to your nearest 
American Optical Branch Office today. 


American ^ Optical 


SOUTHBRIDGB. MASSACHUSETTS 
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CHARLTON PROMOTED 

Edward J. Charlton, who since 1942 has 
been Assistant to the President of Luken* 
weld, Inc., has been appointed Manager, 
Development Engineering, for Lukens 
Steel Co. and its subsidiaries, By-Products 
Steel Corp. and Lukenweld, Inc., it was 
announced recently by Robert W. Wol¬ 
cott, President of Lukens. 

Mr. Charlton was bom in Philadelphia, 
Pa., where he attended high school and the 
Drexel Institute of Technology. Upon 
graduation from Drexel he entered the 
employ of Shepard Niles Crane and Hoist 
Co. 



E. J. Charlton 


In 1931 Mr. Charlton joined the engi¬ 
neering staff of Lukenweld as a Designing 
Engineer. He continued in this capacity 
until his appointment in 1940 as General 
Manager of Lukenweld, Inc. 

Mr. Charlton is a member of The Amer¬ 
ican Society of Mechanical Engineers, 
American Welding Society, American 
Society of Naval Engineers and the En¬ 
gineers' Club of New York City.* 


ARC-WELDED ICE nGHTER 

Successfully challenging the heavy snow 
and icing conditions during the current cold 
wave, this newly designed machine whose 


construction was made possible by the arc¬ 
welding process, is clearing and widening 
vital traffic lanes near Cleveland. Ohio. 

Ray Ferwerda, President of the F.W.F. 
Corp., Cleveland, Ohio, the designer and 
builder of this type equipment is no stran¬ 
ger to snow and ice. As an expert skater 
in his native Holland, he received his first 
experience in shovelling snow. The neces¬ 
sity for keeping the canals clear for skating 
from one town to another brought to him 
appreciation of the necessity of snow re¬ 
moval in winter. 

The rugged hydraulically operated 
scoop quickly removed the 4 to 5 ft. of 
packed snow and ice shown here which had 
prevously defi^ standard types of bull¬ 
dozers and plows. 





Photo courtesy The Lincoln Electric Co.. Cleveland, Ohio. 
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DEPENDABLE 


=== FOR WELDING and CUTTING 

Use National Carbide in the Red Drum 

60 E. 42nd Si. NATIONAL CARBIDE CORPORATION New York. N. Y. 
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CARNEOIE-ILLINOIS STEEL CORP,ORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON I. RAILROAD COMPANY, Birmingham 
United States Steel Export Company, New York 


KEEPING VITAL CARGOES MOVING WITH 


The big U. S. Coasi Guard icebreaker Mackinaw 
is 290 feet long, 74^^ feet beam and displaces 
5,090 tons. Her entire hull structure is welded. It 
contains ?50 mi/es of single bead welding, 30 
miles of it Jn her plating alone. This is another 
case in which the weldability of steel answered 
the hurry-call for "special purpose" equipment 
with many innovations in design and construction. 


E xact knowledge of the weld¬ 
ability of steels you use is of 
prime importance in aiding you to 
turn out great quantities of war 
material—in record time. 

Time, metal, and weight are 
saved—yet quality ‘standards are 
maintained — by information that 
enables manufacturers to obtain 
the maximum benefits of welding. 

Over the years, our research staff 
—through thousands of tests—has 
determined the physical properties 
of welds in all types of steel. This 


information has proved of great 
practical value to welding engineers 
and designers. 

We shall be glad to supply you 
with authoritative information on 
wehling properties that will enable 
you to select the type of U*S'S 
Steel best suited for each individual 
job. 

Our technical staff will be glad 
to consult with you on your present 
problems and future plans which 
include welded steel. Drop us a 
line today, you incur no obligation. 


U*S*S ROLLED STEELS FOR WELDING 



BETHLEHEM STEEL PROMOTIONS 

A. B. Homer, Vice-President, Ship¬ 
building Div., Bethlehem Steel Co., an¬ 
nounces the following changes iti the exec¬ 
utive staff of Bethlehem's San Pedro Ship¬ 
yard, Terminal Island, Calif.: 

E. C. Rechtin formerly Assistant Man¬ 
ager becomes General Manager, succeed¬ 
ing Thomas B. Forster, resigned. W. A. 
Harrington formerly Sales Manager for the 
Yard, is appointed Asst. General Manager. 

Mr. Rechtin was graduated from Webb 
Institute of Naval Architecture. He be¬ 
came affiliated with Bethlehem when the 
Company purchased United Shipyards in 



E. C. Rechtin 



W. A. Harrington 


New York in 1938. Subsequently he was 
appointed Assistant Manager at San 
Pedro in charge of New Construction. 
Mr. Rechtin has been a leader in the de¬ 
velopment of Welding for Marine Con¬ 
struction. He originated and developed 
the Serrated Channel System of Welded 
Construction which has been widely 
adopted. He was also active in developing 
the principles of welding large panel pre¬ 
assemblies and the application of auto¬ 
matic welding. His experience includes 
scientific and design work and planning of 
reconversion of vessels such as the USS 
George Washington. He is a member of the 
Society of Naval Architects and Marine 


Engineers, the American Welding So¬ 
ciety and The Propeller Club. 

Mr. Harrington is well known in ship¬ 
building and ship repairing circles on the 
West Coast. He is an experienced ship¬ 
building and ship repairing man. He 
started work when 13 years of age and was 
successively a Printers Devil, a Rivet 
Heater in a Boiler Shop and a Journeyman 
Boilermaker before becoming allied with 
the Shipbuilding Industry. In the latter 
he has been a Loftsman, an Inspector of 
Ships for the U.S. Shipping Board and he 
also sat on the Claim Board for this later 
activity. He came to the San Pedro Yard 
as Chief Estimator in 1923 and later was 
General Yard Foreman and Sales Manager. 

on. FIELD ENGINE IMPROVED BY 
WELDING REDESIGN 

An outstanding example of the benefits 
that are made possible through changeover 
to welded design is shown in the new all- 
welded gasoline engine for oil field service 
(see illustration) which has replaced the 
previous type engine of heavy cast-iron 
construction. 

Over 25% less weight, lower initial cost 
easier portability and lowered mainte¬ 
nance are some of the principal advantages 
reported to The Lincoln Electric Co., 
Cleveland, Ohio, suppliers of the welding 
equipment used in fabricating the newly 
designed engine. 

The redesigned power unit is a four-cyl¬ 
inder type operating on either natural gas 
or gasoline and is used for drilling oil wells 
by the cable tool method. 



THE UNITED WELDING CO 


Blowtr impeller*, like thate above . . . field 
rings like ihoie below . . . ore teday regwlor 
'‘grist for our mill." That Is war predw<tian. 
Soon, let us hope, things of a mere peaceful 
nature will take their place. 

You, no doubt, have or soon will have, 
products to market. Those products may be 
of a design that would gain through welded 
construction . . . for style . . . for strong^ 
. . . for lightness ... to make them less 
costly to produce. If to, our engineer* and 
our facilities can serve you to advantage. 

Let us look at your drawings. Confidential 
of course. Cel our quotations. 
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manufacture of VirTIMI brand steel and iron rivets was begun by 
The Champion Rivet Co. in April, 1895. At that time the unique trade¬ 
mark featuring the elephant and the Devil vainly pulling on opposite 
ends of a Victor boiler rivet was created. The Strength which this strange 
pair typified has always been the chief characteristic of Champion rivets 
and half a century later they are still tugging with all their might. 

In 1931 a line of THTMIMIIIV VVELIUNC: ELFrTRliriES which won the 
immediate recognition of engineers and fabricators was introduced. 
Here again the Devil played a prominent role in the naming of the 
various rods and the design of the electrode trade-mark shown at left 
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View of New 4*Cylindei Oil Field Engine of Welded Design Wliich Replaces Previous 
Engine of Cast Construction 


The engine is operated at a speed of ap¬ 
proximately 500 rpm. when drilling and 
1500 rpm. when bailing a well or pulling 
tools. The unit has a rating of 120 brake 
horsepower at 1200 revolutions per min¬ 
ute. Cylinder bore is 4Vi in. with a stroke 
of 7 in. 

According to the manufacturer, Buf¬ 
falo Gasoline Motor Co., Buffalo, N. Y., 
welded construction offered them manu- 
facturingadvantages that eliminated costly 
foundry delays and expensive pattern 
making and maintenance. In further 
commenting on the reasons for turning to 
welded design, engineers of the company 
reported that "changes in design can be 
made more cheaply and quickly. More 
raw stock can be stored in less space than 
by casting methods. When we changed to 
welded steel construction we found our cost 
was lowered, and the surfaces required less 
smooth-on, filler and cleaning before paint¬ 
ing. 

"As considerable oil field drilling is done 
in rough and moimtainous terrain," con¬ 
tinued the report, "light weight is es¬ 
sential for rapid transportation and in¬ 
stallation. This obviously reduces non- 
drilling time and increases the pay time." 
The engine is either mounted on wheels or 
on skids depending upon the particular 


type of field work andtransportationneeds. 

The newly designed engine which has 
an all-welded steel crankcase, engine block, 
manifolds, base and gear reduction case, 
has withstood many months of severe field 
service where it has operated continuously, 
24 hr. per day for periods of from 30 to 60 
days. 

The engine has proved so successful that 
the company is planning a long range pro¬ 
duction program involving new similarly 
designed all-welded oil field engines includ¬ 
ing 6-, 8-, and 12-cylinder sizes. 


W. R. PERSONS BECOMES ASSISTANT 
SALES MANAGER 

The appointment of W. R. Persons as 
assistant sales manager has been an¬ 
nounced by J. F. Lincoln, President of The 
Lincoln Electric Co., Cleveland, Ohio. In 
his promotion to this new post, Mr. Per¬ 
sons will act as assistant to C. M. Taylor, 
vice-president and general sales manager. 

Among his activities concerned with the 
advancement and supervision of the en¬ 
tire Lincoln sales program. Persons will 
assume the responsibility of developing 
certain specific fields for Lincoln products. 
In this connection he has been working on 


special assignments since his transfer to 
the Lincoln home office at Cleveland sev¬ 
eral months ago. He is also chairman of 
the firm’s Junior Board of Directors. 

Mr. Persons has been with the company 
for the past 10 yr. Born in Painesville, 
Ohio, in 1909, he obtained his college edu¬ 
cation at Case School of Applied Science 
where he received an M.S. degree in en¬ 
gineering. 

When he finished school, having decided 
to enter the fast growing industry of weld¬ 
ing, he applied to The Lincoln Electric Co. 
for a job. Being told there was nothing 
open, he determined to make a place for 
himself and took the company’s welding 
course and insisted on helping the in- 
structcw on his own time in order to get ex¬ 
perience. Being impressed by his sin¬ 
cerity and determination. "Buck" as he 
is commonly known in the industry, was 
assigned to the position of sales and service 
representative in western Pennsylvania. 
Four years later, he was appointed branch 
manager of the firm’s Pittsburgh office.con- 
tinuing at this post until his transfer to 
Cleveland last year. 



W. R. Persons, Assistant Sales Manager, 
The Lincoln Electric Co., Cleveland, Ohio 

While at Pittsburgh, Persons was par¬ 
ticularly active in local organizations and 
civic affairs. He was responsible for the 
development of numerous welding en¬ 
gineering programs in western Pennsyl- 



Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTl-BORAX” 

Amkfor Thmm Unequalled for Quality 

A Flux for every metalt Cast Iron Welding Flux 
No> 1| Brastng rlaz No. 2) Bras-Cast Flux No. 4, 
for bronse-welding east Irani **AB<!r* Aluminum 
Plnx No. 8 for sheet Aluminum and all alloys et 
Aluminumi Stainless Steel Flux No. 9| Silver 
Solder Braiiing Flux No. 10; No. 16 Silver S<dd«r 
Paste Flux. 

ANTI-BORAX GOMPOUND COMPANY 

Fort Wayne* 
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STRONG 


More than a year ago there was a breakdown 
at the Torrington Mills of The American Brass 
Company. A specially-designed draw bench set 
up for critical war production was shut down 
by the fracture of a 5200 pound cast iron cylin¬ 
der. Regardless of directives and priorities, 
weeks of time would be required in pattern 
making, casting and machining before a new 
cylinder could be installed. 

To save time, a bronze repair weld, requiring 
196 pounds of Tobin Bronze*, was made by the 
J. L. White Welding Company, of Waterbury, 
Connecticut, and production was speedily re¬ 
stored to normal. 

Today, more than a year later, this same cyl¬ 


inder with the ''temporary” repair weld, is still 
in operation, having met progressively heavier 
production demands through the months. 

This is one more example of what we mean 
when we say to American industry ‘'Don’t scrap 
it, weld it!” With Anaconda Welding Rods, 
such as Tobin Bronze and "99T' Low Fuming, 
production schedules have been saved, price¬ 
less machinery salvaged, time and time again 
during this national emergency. *tm 

•R«C. U. S.PK. 09. 

THE AMERICAN BRASS COMPANY 

Subsidiary of Anaconda Copper Mining Company 
Geaeral Offices: Watetbury 88, Connecticut 
In Canada: ANACONDA AlusiCAN Brass Ltd., Sew Toronto, Ont. 
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vania and West Virginia, was a director of 
the Pittsburgh Junior Chamber of Com¬ 
merce, and chairman of the city's Man- 
Marketing Clinic. He also held member¬ 
ships in the executive council ot the Boy 
Scouts of America and the Chartiers 
Country Club. He is a member of the 
American Welding Society. 

SWAPS FRYING PAN FOR TORCH 

Vera Anderson McDonald, world’s 
woman welding champion, is carrying the 
torch for victory again at the Ingalls Ship¬ 
building Corp. yard in Pascagoula, Miss. 



The winsome miss became a bride and 
housekeeper several months ago when she 
married Sergeant Anselm McDonald, of 
the Army Transportation Corps, but re¬ 
cent military reverses sent her scurrying 
back to the yard to help weld giant attack 
transports. The 21-yr.-old welder won 
her title in two contests with opponents 
from Pacific Coast yards. She has served 
as welding instructor and examiner since 
joining the yard soon after the war began. 
Now she is working as a regular welder. 


TECHNICOLOR FILM ON ARC WELDING 

A new Technicolor sound motion picture 
titled "Magic Wand of Industry—Arc 
Welding,” just released by The Lincoln 


Electric Co., Cleveland, Ohio, portrays the 
dramatic progress of arc welding from its 
beginnings to its present vital wartime 
role. There are also scenes which take the 
audience into the welding world of to¬ 
morrow. 

Produced at the request of the U. S. 
Bureau of Mines which is releasing the 
picture under the title "A Story of Arc 
Welding,” this 25-min. presentation, 
filmed under the technical direction of 
Lincoln welding engineers, was staged and 
photographed in practically every major 
industry including airplane factories, ship¬ 
yards, refineries, steel mills and Shasta 
Dam. 

Primarily educational, the film graphi¬ 
cally presents the fundamentals of arc 
weldiNg. the electrical circuit and the 
iypes^ of welded joints. The true action 
inside the arc is ^so revealed for the first 
time in actual photography and anima¬ 
tion, showing the penetrating “arc force" 
which assures high strength and good fu¬ 
sion of all metals. To obtain the photo¬ 
graphs of the arc, it was necessary to use a 
battery of arc lights using power equiva¬ 
lent to 4500 automobile headlights all 
focused on an area of one square foot. 

In addition to being educational and 
informative, the film was produced also 
to attract men and women into the many 
arc welding jobs that now need to be filled. 

The film is available in 16-mm. and 35- 
mm. prints to business groups, technical 
societies, schools and colleges and in¬ 
dustrial plants at no charge except trans¬ 
portation. A short version of "Magic 
Wand of Industry—Arc Welding” is 
scheduled for theatrical showings through¬ 
out the country. 

The Technicolor release may be ob¬ 
tained on request from The Lincoln Elec¬ 
tric Co., 12818 Coit Rd., Cleveland 1, 
Ohio, or from the U. S. Bureau of Mines, 
Experimental Station, 4800 Forves St., 
Pittsburgh, Pa. 


HOLSLAG'S SATIRICAL HISTORY OF 
ARC WELDING 

C. J. Holslag gives herewith a brief, 
satirical history of arc welding as follows 
based on the lyrics and music of the song 
"Accent-u-ate the Positive, Eliminate the 
Negative, Don’t Mess with Mr. In-be¬ 
tween.” We quote: 

"In the very earliest days of welding 
when the trolley car companies took up 
welding they had distinctive positive elec¬ 
trodes because the negative was in the 
street. 

"Shortly thereafter the railroads took 
up welding for repair and maintenance but 
were* not to use anything but negative 
electrode. The writer had to travel hun¬ 
dreds of miles to reverse generators which 


had become positive, if there hadn't been 
meters on them they wouldn’t have known 
the difference. 

"During the 10 or 20 yr. or nearly two 
decades of straight polarity which is really 
negative on the electrode, the trolley 
people kept on using the positive or re¬ 
versed polarity because they didn't have 
any other way to accomplish their pur¬ 
poses. 

"In the last decade or 15 yr. positive 
electrode has come into being and to use 
negative electrode is now heresay and 
during all these days or most all up to 
lately. It was distinctly taboo to use al¬ 
ternating current which is Mr. In-between. 

"The modem electrodes allow positive, 
negative d. c. or a. c., and the popular 
song quoted is very appropriate with 
that other popular song 'Don't Fence Me 
In' with specific polarity as the conditions 
which require it are now a rarity.” 


P & H ADDS TO WELDING STAFF IN 
CHICAGO 

As of February 1st, Hamischfeger 
Corporation has appointed Chester O. 
Barnes as Welding Engineer in the Chicago 
and Milwaukee territories under the juris¬ 
diction of the Home Office at Milwaukee. 
His transfer to field work was preceded by 
a long term of service in practical welding 
in P & H’s own shops, giving Mr. Bames a 
valuable background for his new responsi¬ 
bilities. Also effective February 1st, C. H. 
Wyman, Welding Engineer, has been 
added to P & H’s Chicago Branch. 


B & W TUBE COMPANY EXPANDS 
STAINLESS FACILITIES 

Beaver Falls, Pa. March 18th.—The 
Babcock & Wilcox Tube Company here, 
the first to make stainless steel tubing in 
the United States, and long associated 
with seamless tubing, is now expanding 
facilities to include the manufacture of 
atomic hydrogen welded tubing and pipe, 
it was announced today. 

The rotary piercing method is eminently 
suited for the larger diameters and heavy 
walled tubing such as cracking still tubes 
and the like, while the atomic hydrogen 
welded process is better suited for smaller 
sizes of tubing such as are used in the food 
and chemical industries it was stated at the 
plant. Regardless of the initial method of 
manufacture, the Tube Company facili¬ 
ties for subsequent processing such as an¬ 
nealing, pickling, cold drawing, straighten¬ 
ing, etc., are identical. 
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INCREASED PRODUCTION AT LOWER COST 

braxing and malting opera- 

peace-tima production at » with High Frequency Induction Heating for 

expense. 

Pre-Heating^ Stress-Relieving^ Metal Joining 


Lepel Induction Heating produces heat up 
to any selected temperature exactly where it 
is required for the proper period of time 
necessary to produce the desired results. It 
is astonishingly speedy in operation, reduc¬ 
ing heating time from minutes to seconds, 
yet it works with a degree of accuracy and 
efficiency rarely obtainable by other methods. 

Pre-Heating, Stress-Relieving 

Lepel Induction Heating is used by many 
leadii^ industrial plants for pre-heating be¬ 
fore welding or stress-relieving welded seams. 
In such applications, it affords remarkable 
economies in time and cost with further advan¬ 
tages of uniformity and heat-concentration 
which prevents structural changes in sections 


can be performed as a continuous operation, 
further reducing time cycles and costs. 

Metal Joining 

Lepel Induction Heating also quickly and 
neatly performs the most intricate tvazing 
and soldering operations on all ferrous and 
non-ferrous metals, using brazing alloys from 
lowest to highest melting points. By pre¬ 
fluxing and pre-placing of the alloy in the 
form of rings, strips, or irregular shapes, 
many complicated production brazing jobs are 
reduced to quick, simple operations which can 
be performed by any unskilled worker. May 
be operated manually or fully automatic. 

Consider the possibilities of Lepel Induc¬ 
tion Heating applied to your present and 
post-war production. Lepel engineers will 


LedbL 


of the metal outside the field of the gladly aid you in working out the details 

load coil. In many instances, heating of the application. 

LEPEL HIGH FREQUENCY LABORATORIES, INC. 


PfONKRS IN INDUCTION HfATING 


39 WEST 60th STREET 


NEW YORK 23, N. Y. 







































NEW PRODUCTS 

The Society assiunes no responsibility 
for the validity of claims in this Section 


ELECTRODE CHART 

The new Murex Wall Chart, serves as a 
useful guide in selecting the proper elec¬ 
trodes for individual welding jobs. The 
chart contains a list of Murex electrodes 
divided into four groups for quick refer¬ 
ence. including (1) mild steel, (2) special 
steels, (3) stainless steels and (4) hard 
surfacing. 

The electrodes are described according 
to A.W.S.-A.S.T.M. class, with color 
identification, recommended current 
strengths, polarity and physical proper¬ 
ties. There are also brief descriptions of 
the general characteristics of the Murex 
electrodes and their applications. 

Copies will be sent without charge to 
readers at request upon company letter¬ 
head. Metal & Thermit ^rporation, 
120 Broadway, New York, N. Y. 


SPOT WELD SEALER 

The Presstite Engineering Co., St. Louis 
Mo., has announced the successful de¬ 
velopment of three types of Presstico Spot 
Weld Sealer, produced as fiow gun. brush 
or spray type. These sealing compounds 
are made to give a seal between plates that 
are spot welded together. 

Tests have been made using a 3‘/«- x 
10- X 10-in. box made by spot welding all 
seams at 3-in. pitch, using Presstico Sealer 
in the joints and the box being then filled 
with water. Sample lap joints were made 
up. X-rayed and then sheared into tensile 
specimens. Other panels using the same 
joint were run through the paint system 
with or without bonderizing and left in a 
salt spray for two weeks. 

All specimens tested for a tensile 
strength to 2600 lb. X-ray showed all 
good welds and the box did not leak 
throughout the two weeks of test. The 
sealing compound gave no difficulty in the 
paint process and stood up satisfactorily 
in the salt spray test also. Spot-welded 
panels, put through the complete bonder¬ 
izing cycle, including a three-minute dip 
at 210® F. in 2.5% Caustic Potash, revealed 
no deleterious effects on the material in the 
seam. The material itself has no corrosive 
effect on metals. Spot-welded panels 
sealed with Presstico Spot Weld Sealer 
show good protection at the seam when 
kept in 100% relative humidity at 100° F. 
for one week. 

Full information may be obtained from 
the manufacturer, Presstite Engineering 
Co., 39 Chouteau Ave., St. Louis 10, Mo. 


ELECTRODE DISTRIBUTOR 

Whitehead Metal Products Co. has been 
appointed eastern distributors for 
SMITHway certified welding electrodes, 
Thomas H. Bohen, president, announces. 

SMITHway electrodes are manufac¬ 
tured by the A. O. Smith Corp., of Mil¬ 
waukee, Wis. Complete stocks will be 
carried in the Whitehead Co.’s seven ware¬ 
houses in New York City, Philadelphia, 
Boston, Ne^vark, Buffalo, Baltimore and 
Syracuse. 


pulverized SILVER ALLOY BRAZES 
SMALL ROUND WIRES 

A new method of brazing small round 
wires with diameters of 0.0226 to 0.049 in., 
has been adopted in the Distribution 
Transformer Division at General Electric’s 
Pittsfield Works. A mixture consisting 
of equal amounts of filed silver solder and 
borax fiux is used. 

The end of one of the two wires to be 
brazed is either moistened or heated and 
then inserted in the container holding the 
mixture. When a sufficient amount ad¬ 
heres to the wire, the two ends being 
brazed are placed together and heated 
over a gas flame until the alloy fuses them. 
If normal heating is applied the joint will 
be free of lumps and points, eliminating a 
finishing operation before the braze can be 
insulated. 

In the conventional method of brazing 
these small wires a strip silver alloy and 





flux was used. This resulted in a loss of 
the silver both from drip at the braze and 
from an excess of brazing material at the 
point of contact. The new method has 
resulted in a saving of approximately 80% 
of the strip silver alloy. 


200.AMP. PRODUCnONiWELDERJ ' 

Completing the G-R line of “C” models 
(power-factor corrected production weld¬ 
ers), the G-R models 25C and 35C rep¬ 
resent the first transformer-type welders 
of the heavy-duty production type to be 
offered in the 200- and 250-amp. rating. 

Welding range of the 25C is 15 to 230 
amp.; it is designed for continuous use on 
a 60% duty cycle, and is Underwriter’s 
approved. 

G-R’s line of “C” models now range 
from the 10- to 100-amp. model 10 to the 
15- to 330-amp. model 35C. These units 
feature built-in power factor correction 
spun glass transformer coil insulation, 
heavy-duty design with larger cores and 
increased copper for ’round-the-clock pro¬ 
duction welding, and extremely wide out¬ 
put range—all models will cut down to 
handle a Vi«-in. electrode. Weight of the 
new units indicate the exceptionally large 
size of the heavy-duty transformer; the 
model 25C weighs 320 lb. and the model 
35C, 380 lb.—nearly double the weight of 
intermittent-duty welders of the 200 to 
250-amp. class. With G-R’s exclusive 
flux-diversion type of “stepless” heat 
control, input is directly proportional to 
output. Power factor increases at lower 
input, contributing a leading power factor 
to the plant system when welding at lower 
heat ranges, or during nonwelding periods 
with primaries connected to the line. 

In addition to the “C” models, the G-R 
line of heavy-duty production welders in¬ 
cludes machines with ratings to 2500 amp., 
in manual and automatic types. 

Descriptive literature may be obtained 
from Glenn-Roberts Co., 3100 E. 10th 
St., Oakland 1, Calif., or 2107 Adams St., 
Indianapolis 1, Ind. 


PROCESSING ELECTRODES 

Several features new to the welding rod 
processing industry were introduced in the 
newest complete processing plant designed 
and built by the Moslo Machinery, Cleve¬ 
land, Ohio. First in the interest of a group 
of welding engineers and technicians who 
viewed the plant was a new principle of 
extruded flux application employing a die 
head set at a 60® angle. Additional new 
features are, a centralized control panel 
by which one man can start and stop every 
unit in the plant, a compacted seven-pass 
oven saving 40% on floor space and an 
improved mechanism which transfers the 
electrodes from one pass within the oven 
to the next in accurate alignment without 
dropping or rolling. A new type of slug 
press by the same designer is a part of the 
equipment shown. Installed with the hy¬ 
draulic piston partly below floor level, this 
press can be charged and the slugs re¬ 
moved at the operator's waist height. 
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JonesY Learns about Cenex C 


J ONESY, our welding super, was 
sitting as pretty as any guy with a 
mug like his can sit. No beefs from 
the customers; no screams from the 
Lords of Creation in the front office. 
Our jobs were mostly downhand, 
“hot-rod” stuff, calling for Murex F 
or FHP electrodes. In fact, call for 
anything other than Murex on those 
jobs, and Jonesy would roar like a bulL 
Then in comes this new job, 
#2XW31. I’m Jonesy’s assistant; we 
gave the drawings and specs a careful 
ODce-over. To me it looked like a 
job for Genex C. 

'lUght much carbon in that steel,” 
1 mentioned. “Calls for a colder arc 


than the run of our jobs here, so we 
won’t pick up lots of carbon and get 
a brittle weld. I’d say we want a 
6012 electrode. Okay?” 

“Okay,” Jonesy agreed, and I 
picked up the phone and put in a 
call for Murex. 

“Hey,” Jonesy yelled, “Nix.” He 
grabbed the phone out of my hand. 
“Look,” he roared, “Murex may make 
the best downhand hot rods money can 
buy, but I don’t know about their 
others. Call some other outfit.” 

I argued as long as you can with a 
boss like Jonesy. I tried to tell him 
that Murex has two of the best 6012 
rods made (Genex and Genex C)— 


plus about 30 other electrodes, each 
one as good in its place as their 
famous hot rods. No soap, though; 
Jonesy knew better. 

So I called up some other outfit— 
several in fact—and we tried their 
6012 rods. Unit after unit of Job 
#2XW31 came off the jigs cracked 
in the weld. Too much heat and 
pickup of carbon. Jonesy raved for a 
week, then finally broke down. 

“Say,” he asked me, sort of sheep¬ 
ish, “how about calling Murex?” 

1 called Murex and they sent us a 
batch of their Genex C.Job#2XW31 
was off the floor in two days—and no 
j ob’s licked us since, thanks to Murex. 



MSTAL A THEBMiT 
COBPOBATION 

120 BROADWAY, NEW YORK 5, N,Y, 

ALBANY * CHICAGO 
riTTSBUROH • SO. SAN FRANCISCO 
TORONTO 





P. S. I’ve flioce fouad a sunpler way to put lads 
Jonesy wise as to the score on Murex. You iust send 
for the new, bis Murex wall chart and tack it up over 
bis desk. The chart divides Murex electrodes as to 
use on mild, low>alloy, stainless and hard-surftced 
steels: also shows at a slaoce the AWS-ASTM srade, 
polarity, current, etc., of each electrode. No arc- 
welding department should be without one. Just drop 
a line to Metal & Thermit Corp., 120 Broadway, 
New York S,N. Y. No charge or obligation. 
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Fast production of slugs, with a minimtun 
of operator fatigue are among the ad¬ 
vantages indicated. 

The new plant, first of its kind, was 
built as a part of expansion program of the 
American Manganese Steel Division of the 
American Brake Shoe Company’s Chicago 
plant. It is for production of their special 
manganese alloy rods with a capacity of 
350 coated rods per minute, was inspected 
in operation by E. L. Quinn, maiiager of 
the Welding Division of American Manga¬ 
nese. 

Smoother operation of the plant and 
greater uniformity of coated rods is 
achieved by the newly designed die head 
in which the flux is extruded onto the wire 
at an angle of 60° in the normal direction 
of rod flow, rather than at right angles as 
in conventional die heads. Another new 
feature in this plant is delivery of extruded 
rods directly onto the brushing machine 
without use of a transfer conveyor. The 
unit control panel is unique in plants of 
this type. On it are start-stop controls 
controlling each unit in the complete plant 
plus a single emergency button control¬ 
ling all units. One man, at the main 
operating station, thus has full command 
of controls without moving from the cen¬ 
tral operating station. In addition, a 
newly patented electronic safety control 
which is a part of the transfer mechanism, 
shuts down the entire plant in the event of 
misalignment of rods at any of the trans¬ 
fer points, which might cause the system 
to jam. 

The transfer mechanism itself was a cen¬ 
ter of keen interest during inspection of 
the Moslo plant. An ingenious revolving 
carrier literally picks up the rods from one 
pass and places them in the same align¬ 
ment on the new pass. In the new com¬ 
pact oven there is no dropping or rolling 
in the transfers. 

A niunber of radical changes in beat 
treatment are incorporated in the Moslo 
oven. The continuous chain conveyor is 
arranged so that seven pa^es are housed in 
an insulated chamber less than 4 ft. high 
and 25 ft. long. Closely controlled hu¬ 
midity is applied to the first two passes 
and a damper-balanced duct system as¬ 
sures constant circulation. Excess heat 
and humidity are evacuated to a duct for 
connection to the outside of the building. 
An insulated partition separates the first 
two passes from the rest of the travel. 
Temperature and humidity are graduated 
to control the speed of drying, assuring 
the specified degree of flux hardness in the 
finished rods. 

The oven is built in sections which, like 
the individual production machines in the 
plant, can be shipped as assembled units, 
minimizing the problems or erection nhen 
delivered. 

The process of making electrodes con¬ 
sists of the preparation of wire, prepara¬ 
tion of flux, combining the wire and the 
flux and subsequent drying of flux. 

Wire fed through a straightening and 
cutting machine is cut into lengths about 
14 in. long. A m xing machine thoroughly 
mixes the flux which is placed into a hy¬ 
draulic press forming cylinders or "slugs” 
with the wire placed in the feeding machine 
and the "slugs” of flux inserted in the cyl¬ 
inder of the extrusion press, the plant is 
ready for production. One man con- 
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trolling the operation of the entire plant 
from a centralized station of push buttons 
starts the plant in motion. 

The flux under 10,000 psi. is forced 
through the die head and units with the 
wire as it passes through from the feeder. 

The coated welding rods are conveyed 
through brushes which clean the ends for 
contact necessary in the actual operation. 
After brushing, the electrodes move into 
the new 7-pass oven conveyor system in 
which the electrodes are carried through 
dilTerent controlled degrees of heat, air and 
moisture and placed (not dropped) on 
successive conveyors as they pass through 
the oven. 

Better and more thoroughly processed 
electrodes are produced in the new plant. 

From the oven, the electrodes are con¬ 
veyed to an inspection table where they are 
inspected and packaged for delivery. Mr. 
Moslo stated that the company is pre¬ 
pared to offer the same type of design in 
complete plants with capacities up to 1000 
electrodes per minute. 


BRAZING PLATE CONNECTOR TO CAP 
OF 833A TUBE 

' Brazing technique is applied in fasten¬ 
ing plate connector to the cap on 833A 
transmitting tubes at the Dobbs Ferry, 
N. Y., plant of North American Philips 
Co., Inc. The plastic protective screen 



protects the operator in the event that 
the tube shatters. The company also pro¬ 
duces large quantities of cathode ray tubes, 
quartz crystals, electronic measuring in¬ 
struments, fine wire and X-ray (medical 
and industrial) equipment. 


ELECTRODE FOR HEAVY WELDMENTS 

A new heavily covered arc-welding elec¬ 
trode for flat and horizontal fillet welding 
as well as for flat butt welding has been 
announced by the Electric Welding Di¬ 
vision of the General Electric Co. De¬ 
sirable wherever weld requirements in¬ 
clude high mechanical properties, rigid 
X-ray examination, good profile, high dep¬ 
osition rate and good surface appearance, 
the applications of this electrode include 
pressure vessels and pertinent connection?, 
heavy machine bases and structural parts 
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such as column plates, columns, roof 
trusses, beams and girders where the thick¬ 
ness of the section permits. 

Known as Type W-27, the new electrode 
is characterized by an exceptionally high 
melting rate which results in increased 
production and higher speeds at the same 
welding ciurent as other electrodes. At 
comparable production speeds. Type W- 
27 requires less hhat input to the joint, 
thus reducing warpage and internal cool¬ 
ing stresses. These features, plus its 
ability to operate through a wide range of 
current, and freedom from undercut, sug¬ 
gest the use of Type W-27 for a great many 
war production tasks. 

Readily recognized by its steady, force¬ 
ful, spray-type arc, the new electrode oper¬ 
ates on alternating current or direct cur¬ 
rent with either straight or reverse polar¬ 
ity. It has low spatter loss and easy slag 
removal and produces welds of excellent 
appearance. It is available in three sizes: 
Vti X 18 in., V< X IS and */ii x 18 in., and 
is rated A.W.S. classes E6020 and E6030. 


ELECTRODE HOLDER 

An electrode holder designed so that the 
front assembly may be readily detached by 
band, without shutting down the welding 
machine, has been developed by Detroit 
Electrode Holder Manufacturing Co., 2056 
Forest Ave., West, Detroit 8, Mich. The 
holder—identified as the Marine Model— 
is of the resilient-jaw type, fiilly insulated. 
It is said that removing <k reattaching the 
front requires but 15 sec. 

The manufacturer recommends that 
operators be instructed to remove fronts 
whenever they leave the job, even tem¬ 
porarily, stating that holder may then be 
left anywhere without danger of an arc. 
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UftrtfoucfMd p/iofogrop/i of (he original 
Maehtotf laboratory 


The Machletf " Wh/fe Room", firji in the industry 


Moch/elt Laboratories, Springdale 


N 1902 Dr. W. J. Morton, distin^ 


EVENv43 YEARS AGO 


TUBES WERE PRAISED 


Mochieii loboroiories, Norwoflc 


AtocMeff Diffraction Tube with beryllium window. 
Vied in artafyxing quarfx cryitali for war and 
oAer radio pvrpaiei, and in ineio(/ograph)i. 


guished scientist, doctor and 
neer in the then-newfleld ofjw^ntgen- 
ttl Mochlett: 

’’Myspeciaf tube, as you manu- 
facfured it, is truly a success and 
I don't know how I could obtain 
anything better. Please make me 

another one os soon os you pos* 
sfb/y con." 

Though tittle wos known obout X>roy$ 
at that time, one thing was clear to 
the men using them: the best tubes 
available were made by Mochlett. 
We believe that is still true today. 

The transition from the original 
Mochlett Laboratory to the two 
modem plants at Springdale and 
Norwalk, Connecticut, was a gradual 
process. It was made possible by 
constant improvement in the tubes, 
by developing new techniques for 


their manufacture, and by designing 
and making new types for new appli¬ 
cations. Thus Mochlett became the 
largest producer of X-ray tubes in 
the world. 

Today we also apply our half q 
century of experience to the produc¬ 
tion of other electron tubes, such as 
oscillators, amplifiers and rectifiers 
for radio and industrial uses. For 
Information as to available types of 
Machletttubes, write Mochlett Labo¬ 
ratories,lnc.,Springdale, Connecticut. 


Met 


RAY TUBES SINCE 1897 

TODAY THEIR LARGEST MAKER 
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A further recommendation is that all fronts 
be turned in at the close of each shift for 
inspection and such repairs as may be 
necessary T. S. Donnelly, general man¬ 
ager, states that this proc^ure affords the 
safety values of a fully insulated holder at 
all times. 

Aside from safety, Mr. Donnelly calls 
attention to the higher efficiency resulting 
from providing welders with newly con¬ 
ditioned tools at each shift; and the re¬ 
duction in time consumed by the Electrical 
Department in making cable connections. 

Detailed description of the detachable 
front bolder and the recommended system 
of use will be sent by the manufacturer on 
request. 


AUTOMATIC WELDING OF WATER 
TUBE BOILER DRUMS 

An interesting application of the latest 
automatic arc-welding process consists 
of the fabrication of water tube boiler 
drums by the Struthers Wells Co., Titus¬ 
ville, Pa. 

A considerable saving in time and costs 
was reported by this company over the 
previous method of manual welding. 

The job consists of 70,000 psi. high-ten¬ 
sile sted plate drum, measuring l*/ji in. 
in thickness, all automatically welded 
with a new type of automatic welding 
known as the "Lincolnweld” (Trade 
Mark Registered) developed by The 
Lincoln Electric Co., Cleveland, Ohio. 

The equipment at Struthers Wells Co. 
consists of a travel beam on which is 
mounted the automatic welding head 
flux receptacle and control box as seen 
in Fig. 1. 

The welds are made with one weld on 
the inside seam and two passes on the out¬ 
side seam. 

The positioning fixtures are made up of 
a support for the longitudinal weld only. 
Heads of the drum are welded by manual 
welding, being beveled for this type of 
fabrication. 

Positioners are employed for some shell 
fabrication, using chuck head positioners, 
then turning the chuck head by moving 
the rotating plate of the positioners. 

Size of the drums is 60 in. in diameter by 
8 ft. 6 in. in length. The vessels are built 
to withstand a pressure of 900 psi. 

A suction flux salvage unit is used to 
reclaim the flux for further use. 

Detalli of, "Lincolnweld" Automatic 
Axe Welding 

This development, to meet the need 
for a more foolproof and easily applied 
process, has established its practicability 
over a period of several years during which 
a number of the units have been highly 
successful in welding a variety of prod¬ 
ucts, among which are machinery bases 
and beds, motor and generator frames, 
ventilating fans, tanks and pressure vessels 
of all kinds. LST landing craft, and many 
parts used in the prefabrication of ships, 
railroad cars, etc 

It has been successfully used in welding 
all types of joints including butt, lap. tee 
and fillet, as well as corner. 



Fig. 1—Welding Longitudinal Seam by New "Lincolnweld" Frocesa on Boiler Drum 


The process is designed for use with 
direct current, utilizing a bare metallic 
electrode which is fed through a granular 
flux deposited on the joint to be welded. 
Sufficient flux is applied to completely 
blanket the arc and the molten metal; 
the unfused flux is then reclaimed for 
further use. 

The manufacturers claim that direct 
current offers many important advantages 
over alternating current; such as a more 
simplified and positive control; ability 



to weld nonferrous materials; and better 
control of electrode melting rate through 
the option of either straight or reverse 
polarity. 

Extremely high current densities are 


used. For example, V«-in. diameter elec¬ 
trode may carry as much as 650 amp. 
This produces greater penetration and per¬ 
mits smaller cross section of weld metal 
with resulting saving in cost and reduced 
warpage and distortion. 

The exceptional quality of the welds 
produced by "Lincolnweld" automatic 
welding is indicated in the following table: 

Ductility 


Material 

Yield. 

Tensile, %Elong. 

(as Welded) 

Psi. 

Psi. 

in 2 In. 

Low carbon 
steel such as 
Armco ingot 
iron 

36,000 

53,000 

34 

Medium car- 
steel such 
as ship plate 

49.000 

68,000 

31 

High carbon 
0.40% steel 
such as gear 
bonsteel 

64,000 

87,000 

24 

Pressure vessel 
steel plate* 

55,000 

74,000 

27 


• Stress relieved at 1200® F. 


The new process meets the welding 
codes, rules regulations and specifications 
sponsored by A.S.M.E. Power Boiler 
Code; A.P.I.-A.S.M.E. Unfired Pressure 
Vessel Code; Rules of American Bureau 
of Shipping; Lloyd’s Register of Shipping 
Regulations; and the United States Mari¬ 
time Commission. 

The particular advantages reported for 
"Lincolnweld” are as follows: 

First, one type and grade of flux, together 
with one analysis of electrode, can be used 
with the same procedure for a wide range 
of steel analyses. For example, ingot iron 
and steelsup to 0.40%carbon can bewelded 
with the same procedure. Thus, special 
joint preparation, changing of flux, wire 
analysis and welding procedure are elimi- 
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WHERE WELDS MUST BE RIGHT-Industry Depends Upon X-Ray 


Parker Dam—Fontana Dam—Norris Dam 
. . . these great projects are just a few of 
many using penstocks and storage vesseb 
built by the Chicago Bridge and Iron 
Company. During installation, every inch 
of weldment in these huge structures was 
x-ray iaspected. Thus, their ability to 
resist the design pressures was insured. 

Installation of four 22-fool penstocks at 
Parker Dam typifies procedures adopted 
by C. B. & I. on such projects. Materials 
pre-fabricated in their Chicago shops were 
shipped to the site. Here they were assem¬ 
bled, and all main seams possible were 
automatically welded. Then each welded 
seam was inspected by x-ray prior to 
placing the penstocks in their respective 
tunnels. Following the manual welding of 
the penstocks in place x-ray was again 
employed to insure proper connection 
strength. In all, over 7,000 4)4 by 17-inch 
x-ray films were required to complete the 
job! 


Though directly exoosed to temperatures 
varying from 125 degrees to freezing—to 
excessive humidity and rainfall—the G-E 
X-Ray Unit used at Parker Dam never 
faltered! Such day-in-and-day-out de- 
pendcdiility is characteristic of all G-E 
Industrial X-Ray apparatus. 

G-E X-Ray offers a complete line of in¬ 
dustrial units in a power range of 5,000 to 
2,000,000 volts inclusive. A majority of 
industries engaged in welding depend upon 
G-E X-Ray inspection. You, too, will 
doubtless find one of these, shockproof, 
climate-proof, and 100% safe units the 
answer to many of your problems. 

For complete delaiU a6ouf the complete G-E 
Industrial X-Ray line—or lo enlist the 
services of competent G-E industrial x-ray 
engineers in planning the application of 
x-ray in your industry—write or wire, today; 
to Department NS^. 



GENERAL| 

^ ELECTRIC 

X-RAY 

CORPORATION 

3012 JACKSON 

ttVD. 

CHICAGO (12). III., U. S. A. 



yrnr] our fiftieth year op service 


rr 
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Fig. 3—Roller Guide for "Lincolnweld" 
Tractor Showing Rollers in Butt Joint of 
Work 


nated, which is of tremendous importance 
to a manufacturer using automatic weld¬ 
ing- 

Second, the equipment will take ^/s-in. 
to ^/«t-in. electrode without changes of 
drive rolls, wire contacts or control. The 
control is extremely simple and quick act¬ 
ing. there being no viorating relays or 
electronic devices. The electrode will feed 
in either direction by means of the wire 
motor being controlled through a special 
exciter. This gives the operator quick 
and easy control over voltage, current and 
speed when changing from one job to an¬ 
other. 

The welding head is normally used in 
conjunction with a specially built auto¬ 
matic welding set of 1200 amp. capacity. 
The current rheostat in the automatic 
control box permits a curfent range of 
300 to 1200 amp. The unit has two ex¬ 
citers, one for the automatic head control 
and one for the welder field excitation. 
The welder control box has provisions 
for easy and quick wiring of the automatic. 

Figure 2 shows the welding head, with 
flux hopper, wire reel and control mounted 
on a motor-driven portable tractor unit. 
This has straight wire guide for butt weld¬ 
ing. For square butt welding, a pointer 
is used for following irregular seams. For 
prepared joints, roller guides are provided 
for engaging the seam (see Fig. 3). 

The standard head is changed h^om butt 
to fillet welding in a matter of only a few 
minutes. In making fillet welds the lower 
wire guide and flux tube are changed from 
straight to curved, thus permitting the 
head and wire reel to be left in its normal 
position. The wire is fed in at 40“ from 
horizontal which gives the maximum ef¬ 
fective throat for horizontal fillet welds. 


GAS PURIFIER 

A newly developed gas purifier utilizing 
the precious, but unrestricted, metal pal¬ 
ladium as a catalyst that operates at room 
temperature and, together with a supple¬ 
mentary portable analyzer now being per¬ 
fected, provides many war and other 
industries with “a new, efficient, inexpen¬ 
sive weapon to cut down waste and thereby 
speed up production" is announced by 
Baker & Company, Inc., refiners of pre¬ 
cious metals, Newark, N. J. 

Product of long research in the Baker 
laboratories, the company claims this new 
unit, named the Deoxo Gas Purifier, has 
shown in laboratory tests and also under 
practical working conditions its efficiency 
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in removing oxygen from such gases as 
hydrogen, nitrogen, argon and neon. 
Gases of extremely high purity, that is, 
with less than 20 parts of impurity in a 
million, are thus obtainable, it is claimed. 


A.F.A. VOTES 194S AWARDS 

For distinctive contributions in the field 
of cast metals, the Board of Awards of the 
American Foundrymen’s Association re¬ 
cently awarded gold medals and honorary 
life memberships in the Association to five 
outstanding leaders of the foundry field. 
Those honored, and the accompanying 
citations, are as follows: 

To Robert E. Kennedy, Secretary, 
American Foundrymen’s Association, the 
Joseph S. Seaman Gold Medal of A.F.A. 
■'for outstanding meritorious service to all 
branches of the Foundry Industry through 
his work in organizing and guiding the de¬ 
velopment of technical and operating 
papers and discussions, and his untiring 
encouragement to all A.F.A. chapters, 
committees and members.” 

To C. E. Sims, Supervising Metallurgist, 
Battelle Memorial Institute, Columbus, 
Ohio, the John A. Penton Gold Medal of 
A.F.A. "because of his outstanding contri¬ 
bution to the Steel Casting Industry." 

To M. J. Gregory, retired. Honorary 
Life Membership in A.F.A. "for his con¬ 
tribution to the Association and the 
Foundry Industry.” 

To Rear Admiral A. H. Van Keuren, 
U.S.N., Director, Naval Research Labora¬ 
tory, Anacostia, D. C., Honorary Life 
Membership in A.F.A. "in recognition of 
his efforts In behalf of the Foundry In¬ 
dustry.” 

Honorary Life Memberships in A.F.A. 
were also awarded to Ralph J. Teetor, 
President, Cadillac Malleable Iron Co., 
Cadillac, Mich., President of the American 
Foundrymen’s Association, 194 4 — 4 5, and 
to R. E. Kennedy and C. E. Sims, the 1945 
medalists. 
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SAMPSON HONORED 

William J. Sampson, Jr., president of 
The American Welding & Manufacttuing 
Company, Warren, Ohio, has been elected 
president of the Warren Chamber of Com¬ 
merce. He has served on the Chamber’s 
board of directors for the past year. 


X-RAY AND RADIUM PROTECTION 

Latest technical literature on X-ray and 
radium protection, together with lead prod¬ 
ucts catalog, is available upon request to 
Bar-Ray Products, Inc., 209-25th St., 
Brooklyn 32, New York. Included with 
this material is the comprehensive data of 
the United States Bureau of Standards on 
X-ray protection which covers general 
recommendations, electrical protection, 
equipment, film storage and a wealth of 
other valuable information. Free upon 
request. 


THE GUIDE 1945 

The 23rd edition of the Heating Venti¬ 
lating Air Conditioning Guide published 
by the American Society of Heating and 
Ventilating Engineers, 51 Madison Ave., 
New York 10, N. Y., is ready for engi¬ 
neers, architects, students, and the heating, 
ventilating and air conditioning industry. 

A 15-page detailed index, a single page 
quick reference table of contents, and a 
brief summary of chapter contents under 
each chapter heading provide easy refer¬ 
ence to the subjects treated in the book. 

The Guide contains 48 chapters of tech¬ 
nical data and information grouped under 
the general sub-divisions. Principles; Heat 
ing and Cooling Load Calculations; Com¬ 
bustion and Consumption of Fuels; Steam 
and Hot Water Heating; Air Heating, 
Cooling and Conditioning; Automatic 
Controls, Instruments and Motors; 
Special Applications and Miscellaneous. 
A change in format has increased the 
amount of text per page and consequently 
much useful information has been added. 


RADIANT HEATING SYSTEMS 

That wrought iron pipe is the over¬ 
whelming choice for radiant heating sys¬ 
tems in buildings ranging from monu¬ 
mental type structures to low-cost houses 
is revealed in the new handbook on "Radi¬ 
ant Heating,” just issued by A. M. Byers 
Company, Pittsburgh. 

Chief purpose of the 52-page book is to 
serve as a working manual both for the de¬ 
signer and the fabricator. Detailed pro¬ 
cedure is listed for figuring heat losses and 
piping requirements, designing the coils, 
supply and return mains. Factual data is 
presented on the relative merits of locat¬ 
ing the coils in the floor and ceiling. In¬ 
cluded is a full page drawing of a floor-type 
radiant heating system for a representative 
industrial building in which both sinuous 
coils and grids are used to advantage. 

Tables are reproduced showing the heat 
transfer properties of various piping mate¬ 
rials. There is also a section devoted to 
pipe bending and welding. 
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Here are o few of the ways thousands 
of Nelson Stud Welders are used... 



Cutaway view of 
welded Nelson Stud 
(after etching 
with Nital). 



Thousands pf Nolson Stud Woldors sre now used by more thsn 
$00 industrial plants and shipyards in applications sim^ to diese. 
This process eliminates time and mategal consumed in hand-welding 
bolts, or drilling and tapping for studs. The complete fuwm of die 
stud to metal is obtained he t /2 second ,.. and the resulting weld tt 
stronger than the strength of the stud! 


Inopactton cavort of all types can 
be secured with Nelson Studs. 
Eliminates drilling and tapping 
holes in the casing, or hand-weld¬ 
ing studs. No leaking or loosening. 
Gaskets are placed over the studs 
and cover listened down. Stud is 
welded in Yz second! 



flog welding is used to fasten 
light-gauge steel to structural steel 
or flat surfaces. Hole is punched in 
the top plate. Nelson Grooved Stud 
(1) is then welded through the 
hole to the bottom plate, fusing the 
two together (2). The stud is then 
broken off (3) and the weld bead 
is removed If desired. 


Wiring, conduit, and pipo are 

quickly secured. Illustrated above 
are a few of the many methods 
used: 1. Securing conduit. 2. Se¬ 
curing pipe (single or multiple 
runs). 3 . Searing wiring of all 
kinds over insulation materials. 


For gonorol molntononco of all 

kinds the Nelson Welder is excel¬ 
lent. It will end-weld studs to metal 
for any kind of repair. For securing 
oiliines, covers; hooks; wiring; 
nameplates; air lines; machinery 
installations; repairs; etc. It will 
be found that it is profitable to you 
both in the production line and for 
general work. 



The Nelson 
fOecIric Arc 
Stud Welder 


For complete details and catalog, write: 

NELSON SPECIALTY 
WELDING EQUIPMENT CORPORATION 
Dept. J, 440 Peralta Ave., San Leandro, Calif. 

Eastern Representative: Camden Stud Welding Corp. 
Dept. 122, 1416 South Sixth St., Camden, N. /. 


NELSON STUD WELDERS & STUDS 
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SECTION ACTIVITIES 


BIRMINGHAM 

On Thursday evening, March 1st, the 
Birmingha m Section held one of their 
most interesting meetings. The meeting 
was attended by one of the largest gather¬ 
ings of the season. 

The speaker was T. B. Jefferson, Editor 
of The Welding Engineer, Chicago, lU. 
His subject was “Wdding in the Postwar 
World.” 

There was quite a lively discussion fol¬ 
lowing the close of Mr. Jefferson’s talk, 
and the discussions that followed were 
evidence of the interest created by the 
many phases of welding discussed. 

BRUNSWICK 

A meeting of the Brunswick Section 
was held at the Brunswick Country Club 
Thursday evening, March 1st. 

After a delicious supper of shrimp and 
crabs with all the necessary trimmings 
there was a round-table discussion of the 
welding problems common to shipbuilding. 
It was both interesting and valuable. 

R. M. Daniels, Lincoln Electric Co., 
Chattanooga. Tenn., was our guest and 
gave a very interesting informal talk on 
Welding Developments in 1944. 

Members and guests present were 35. 

CHATTANOOGA 

The March meeting of the Chattanooga 
Section of the American Welding So¬ 
ciety was held on March ^nd in the Ban¬ 
quet Room of the New China Restaurant. 
The speaker for the meeting was T. B. 
Jefferson, editor of The Welding Engineer, 
who spoke on "Welding in the Postwar 
World.” 

This subject struck a responsive chord 
to members of the Section and their 
friends because an unusually gratifying 
turnout was enjoyed. There were forty 
members and their guests for the dinner 
and about ten more were in attendance for 
the talk. 

The Chattanooga Section was host to 
quite a number of visitors from as far 
away as Knoxville and Copperhill, Tenn., 
not to mention Eugene H. T. Chen of 
Chungking, China, who was sent here by 
his government for two years to study 
American methods. 

An Office of War Information picture 
preceded the principal address and it was 
the consensus that this was one of our 
most successful meetings. 

One very interesting added attraction 
was the reading of a letter from a member 
of the Chattanooga Section who is now 
in the South Pacific. This was a very in¬ 
teresting letter from Lt. Com. V. A. Cow¬ 
art of the U. S. Navy and attached to USS 
Ajax. Com. Cowart’s letter told of his 
work as a repair officer on one of the Navy 


Fleet Repair Ships. He told of how this 
vessel is literally a floating workshop and 
described the part that the oxyacetylene 
welding flame and electric arc "has played 
in our progress toward victory.” 

CHICAGO 

W. A. Pearl of Whiting Corp. spoke on 
"Metallurgy and Welding of Dissimilar 
Metals”at the February 16th meeting of the 
Chicago Section. A Pre-Meeting Movie, 
entitled "Canadian Rockies.” was shown 
through the courtesy of the Canadian 
Pacific Railroad. This was a technicolor 
of Lake Louise, Banff and Canadian 
Rocky Mountains. "Fishing Thrills” 
showed fresh-water fishing for muskies *in 
the north woods; lake trout, black bass 
and deep sea fishing off the coast of 
Florida. 

CLEVELAND 

R. E. Lorentz, Jr., of Combustion Engi¬ 
neering Company in Chattanooga gave a 
fine talk at the March 14th meeting of the 
Cleveland Section on "Metallurgical Prob¬ 
lems of Welding.” 

The educational program of the Cleve¬ 
land Section has been progressing ex¬ 
tremely well. The meetings have been 
enthusiastically attended and have been 
very educational according to all reports. 
The last meeting \^as held in the plant of 
the Reliance Electric & Engineering Co. 
where two men from The Lincoln Electric 
Co., E. Smith and John R. Morrill, dis¬ 
cussed the new "Lincolnweld” process of 
automatic welding. Cal Wyss of Reliance 
then took the group on a tour of the plant, 
with special attention to the "Lincoln¬ 
weld” installation for making Reliance 
generator frames and brackets. 

The Cleveland Section inagurated for 
the first time in its history a permanent 
badge system for all members attending 
dinners and regular meetings, in an effort 
to broaden the acqiiaintanceship of all of 
the Section members. Growrth of the 
Cleveland Section continues under the 
excellent leadership of Mike Shane, chair¬ 
man of the membership committee, with 
eleven new names having been added dur¬ 
ing February. 

COLUMBUS 

The March 9th meeting held at the 
Southern Hotel was addressed by C. D. 
Steward of Curtiss-Wrighl, Buffalo, who 
spoke on "Multi Arc Welding of Aluminum 
Alloys.” 

DETROIT 

The largest turnout in the history of the 
Detroit Section—more than 400 men and 
women—attended the annual Ford Motor 
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Co. Welding Night on March 2nd at Ford- 
son High School. 

The technical speaker was Wm. J. 
Pfander, Ford chemical engineer, who 
spoke on "The Application of X-Ray to 
Welding for Quality Control.” Mr. Wan¬ 
der described typical and satisfactory 
welding installations, dwelling in detail on 
their effect on quality control. He 
pointed out that x-ray, properly super¬ 
vised, uncovers such welding defects as 
inclusions, porosity, lack of penetration 
and lack of fusion. He made the point, 
also, that the presence of x-ray inspection 
equipment is a constant stimulant on 
welders to do their best work, because they 
know that internal defects will soon be 
showed up. 

A coffee talk preceding the main paper 
was given by Wm. A. Simonds, Ford 
official, who described the history of the 
Willow Run Bomber plant. Preceding 
him, R. H. McCarroll, Ford executive 
engineer, welcomed the Society members 
and their guests, and bespoke company 
appreciation that Ford was invited to 
sponsor the program. Keith Sheren, de¬ 
signing engineer at Ford, was chairman of 
the event. Dinner was immediately fol¬ 
lowed by a varied musical entertainment 
put on by Ford employes. 

INDIANA 

P. M. LaHue of Westinghouse Electric 
& Mfg. Co. spoke on "Electronics and 
Their Application to Welding” at the 
February 23rd meeting of the Indiana Sec¬ 
tion held at the Riley Hotel, Indianapolis. 

KANSAS CITY 

J. E. Dado, process service supervisor 
for the Southwest Division of The Linde 
Air Products Co., addressed the February 
20th meeting on "The Pressure Welding of 
Overland Pipe Lines.” He explained the 
fundamentals involved and described the 
equipment and procedure developed for 
this type of welding. An excellent color 
film showing the fabrication of both an 8- 
and 16-in. gas line was presented. In the 
discussion following the talk, Mr. Dado 
showed sample welds and described other 
applications of pressure welding. 

Two Army Air Force sound films were 
shown, "The Birth of the B-29 Super¬ 
fortress” and "A.A.F. Report.” Both 
were very interesting and it was decided to 
show at least one "War” film at each 
meeting. 

LEHIGH VALLEY 

The regular monthly meeting of the 
Lehigh Valley Section was held on Mon¬ 
day, March 5th, at the Hotel Bethlehem. 
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The speaker of the evening, W. J. Con¬ 
ley of the Lincoln Electric Co., Cleveland, 
Ohio, spoke on “Mechanical Design for 
Welding.” The talk which was illustrated 
with slides emphasized the elements of sim¬ 
plicity, flexibility and continuity in the 
welding design. 

Mr. Conley predicted expanded applica¬ 
tions of welding in the postwar period in 
the tank, building and bridge fields. Due 
to proper planning, the use of automatic 
welding will be greatly expanded. Mr. 
Conley also pointed out that the public’s 
growing feeling of confidence in welding 
during the war will enhance the rate of 
acceptance of postwar welding. 

The showing of the Hamischfeger 
Corp. sound film, “New Horizons in 
Welding” preceded the technical meeting. 

LOS ANGELES 

The February dinner meeting of the 
Los Angeles Section was held on the 15th, 
at Scully’s Restaurant. Coffee talk for 
this evening was presented by Mr. A. 
Finlason, welding superintendent, May- 
wood Plant, The Consolidated Sted Corp. 
His subject was “Welding, the Key to 
Development of Steel Fabrication.” 
Welding progress in fabricating shops was 
outlined from inception as a minor repair 
tool to its present predominance as the 
major meth^ for uniting metals. 

Principal speaker was M. H. Mac- 
Kusick, welding engineer. The California 
Shipbuilding Corp. The title of his pres¬ 
entation was “Technical Control of 
Welding in Ship Construction.” He out¬ 
lined welding procedure and their control 
methods employed. Statistical tables and 
subassembly practices were shown on a 
series of slides. 

Showing of the film “New Horizons in 
Welding” concluded the program. 

The first field trip of the year was made 
the evening of February 22nd. It consisted 
of a tour through the Kaiser Steel Mill at 
Fontana. The maximum allowable group 
of 200 was afforded an enjoyable and 
educational evening as guests of the man¬ 
agement. 

LOUISVILLE 

At our dinner meeting on February 27th 
the Louisville Section was honored by the 
presence of our National President, A. C. 
Weigel, of New York City. The attend¬ 
ance of 135 members and guests really 
turned out despite inclement weather and 
threatening “flood stages" of the Ohio 
River which naturally upset things con¬ 
siderably. However, Mr. Weigel was 
enthusiastically received and the meeting 
made “Homey” (so to speak) as the assem¬ 
blage burst into song—“Happy welcome, 
Dear Al-L-L, happy welcome to you.” 
His topics covered a wide range, display¬ 
ing a fertile mind and a wealth of knowl¬ 
edge characterized by a homely philosophy 
that hit deep and brought the bdly- 
laughs. “The Welding Society as a 
whole” was “the favorite child of a proud 
daddy” and he accentuated the good 
points as every good father should. 

C. J. Burch of Linde Air’s Development 
Laboratory presented “Pressure Welding 
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by the Oxyacetylene Process,” with 
appropriate slides, which re-emphasized 
his points dnd, “as proof of the pudding, 
etc.,” innumerable questions were asked 
with a corresponding answer In matter-of- 
fact language and not too technical. 

R. E. Fritsch, President of Tube Turns, 
Inc., our master of ceremonies (inciden¬ 
tally of master of procedure), was at his 
best in performance and, with a degree of 
showmanship ever present, he did an 
excellent job. 

T. H. Lewis, Louisville Section Chair¬ 
man, was characterized as being the hard¬ 
est working chairman which is a prerequi¬ 
site in any language for S-U-C-C-E-S-S. 
New innovations are proving an “attend¬ 
ance-getter” and, after all, the box o£5ce 
talks. Both Mr. Weigel and Mr. Burch 
qualified for a “Certificate of Apprecia¬ 
tion” appropriately framed for wall 
decoration and delivered by Mr. Lewis. 


MARYLAND 

The February meeting held on the Idth 
was one of the outstanding of the season. 
The Section was fortunate in having 
WendallF. Hess, of R.P.I., as their speaker 
and obtaining a more intimate picture of 
the type of work he does. 

His discussion presented the methods 
and results obtained in his work with high 
carbon steels as joined in resistance weld- . 
ing. The question period kept Dr. Hess 
quite busy. During this time, he also 
gave a brief review of his work in cleaning 
aluminum for spot welding. 

Dr. Hess’s simple, straightforward, but 
effective presentation proved both in¬ 
formative and enjoyable. 


MICHIANA 

The Michiana Section announces the 
election of the following officers: 

Chairman, W. G. Fassnacht, Bendix 
Products Division; Vice-Chairman, W. A. 
Gage, Edwards Iron Works; Secretary- 
Treasurer, G. C. Hill, Carnegie Illinods 
Steel. 

Executive Committee: George La Bar, 
Bendix Products Div.; Stanley Krom- 
koski, Edwards Iron Works; C. A. Weir, 
Dodge Mfg. Co.; E. T. Davis, Indiana & 
Michigan Electric Co.; Geo. Mittler, The . 
Linde Air Products Co.; Victor Henry, 
Bendix Products Div. 

The Michiana Section has held the fol¬ 
lowing meetings: 

October—Frank Thompson, “Under¬ 
water Cutting and Welding.” 

November—General Electric Co.’s films 
on A. C. Welding, with questions answered 
by L. G. Pickhaver. 

December—Mr. Eric Seabloom of the 
Crane Co., “Fusion Welding in Pressure 
Piping.” 

January—T. B. Jefferson, Editor, The 
Welding Engineer, “Welding in the Post¬ 
war World.” 

February—A. E. Ziesel of the Eutectic 
Welding Alloys Co., “The Eutectic Weld¬ 
ing Process,” with actual demonstrations. 

March 23rd—A. P. Himes of the Indiana 
and Michigan Electric Co., "Welding 
Hydroelectric Equipment.” 
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MILWAUKEE 

Walter J. Brooking, Director of Testing 
and Research of R. G. LeTourneau, Inc., 
Peoria, Ill., was the speaker at the Febru¬ 
ary 23rd meeting held at the Ambassador 
Hotel. Dr. Brooking spoke on “The 
Welding Engineer’s Job.” 


NEW JERSEY 

The regular monthly meeting of this 
Section was held on March 20th at the 
Essex House, Newark. C. Hansen of the 
Foster Wheder Corp., Carteret, N. J., 
conducted the “Information Please Stt- 
sion.” 

The speaker of the evening was E. 
Kelly, of the Hasmes Stellite Co., New 
York, who spoke on “Hard-Facing in the 
War on Wear.” 


NEW YORK 

For its February meeting, the New York 
Section was the guest of the New York 
Metropolitan Section of the Society of 
Naval Architects & Marine Engineers at 
the Downtown Athletic Club. Approxi¬ 
mately 400 pei^le attended the meeting 
following a dinner also held at the Club. 

At this meeting two papers were pre¬ 
sented. The first was by E. J. Charlton, 
Assistant to the President, Lukenweld. 
Inc., who ' talked on the fundamental 
principles upon which the decision to use 
welded construction is based. His talk 
was well illustrated with slides from the 
ship building industry as well as other 
industries, each selected for demonstrating 
a particular point. Mr. Charlton’s talk 
provoked an animated discussion. 

A second paper was presented by J. H. 
Deppeler, chief engineer, Metal & Ther¬ 
mit Corp., who followed an outline of the 
principles of thermit welding with a dis¬ 
cussion on the use of this process for 
fabrication of stern frames. Mr. Dep¬ 
peler also showed a colored motion picture 
of this application of the process in an 
East coast yard. 

As was pointed out at the meeting, one 
does not think very long today about ships 
and ship construction without giving 
serious consideration to the subject of 
welding and, conversely, it is a superficial 
consideration of the subject of welding 
that does not bring one into close contact 
with its applications in ship construction. 

The regular monthly technical meeting 
of the New York Section was held on 
Tuesday, March 13th, at the Engineering 
Societies Building. J. A. Cahill, N. Y. 
Navy Yard, Brooklyn, presided as chair¬ 
man for the evening. 

The speaker for this meeting was 
Howard Hughey, Air Reduction Sales 
Co., who spoke in the absence of A. H. 
Yoch also of the Air Reduction Sales Co. 
Mr. Hughey talked on “Multiple Stack 
Machine Cutting.” He described the 
techniques used in ordnance plants, ship¬ 
yards and other shops that fabricate steel, 
and explained the rapid strides made in 
recent years with multiple cutting and 
stack cutting. He also pointed out how 
the war has revived interest in the oxy¬ 
acetylene cutting of many similar parts 
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at one time. The talk was well illustrated 
with numerous lantern slides of typical 
applications of multiple stack cutting. 

Prior to the technical meeting, a half- 
hour question and answer session was 
conducted by Mr. E. V. David, Air Re¬ 
duction Sales Co. 

NORTHERN NEW YORK 

The March meeting, held on the 1st at 
the Van Curler Hotel, Schenectady, N. Y., 
was addressed by J. M. Diebold of General 
Motors Corp., on "The Duck.” A film, 
"Truck Ahoy,” was presented in connec¬ 
tion with the paper. 

NORTHWEST 

"Arc Welding as Applied to the Building 
of Heavy Equipment,” illustrated with 
lantern slides, was presented by Elmer 
Isgren, Plant Manager of R. G. LeTour- 
neau, Inc., Peoria, Ill., at the March 8th 
meeting held in the Men’s Lounge, Coff¬ 
man Memorial Union, U. of M. 

OKLAHOMA CITy 

The regular monthly meeting was held 
on February 22nd at the Biltmore Hotel. 
Mr. F. C. Fantz, Vice-President of Mid¬ 
west Piping & Supply Co., St. Louis, Mo., 
spoke on “Design for High Pressure-High 
Temperature Alloy Steel Pipe Welding.” 

PEORIA 

The annual business meeting of the 
Peoria Section was a dinner meeting held 
on Feb. 14th, at the Hotel Jefferson with 
some 60 members and guests attending. 

The main address was given by Walter 
J. Brooking, retiring chairman, and con¬ 
sisted Of a report to the Section and a 
r4sum6 of the past year’s activities, to¬ 
gether with a forecast of the coming year. 
Membership of this Section has increased 
between 30 and 40% in the past year in 
spite of the fact that a large number of the 
eligible prospects and active members are 
in the Armed Forces and away from the 
community. The prospects for the com¬ 
ing year are even brighter due to the ener¬ 
getic efforts of the membership committee 
and the attractive programs, which have 
been presented in past years. 

The February meeting, which was the 
annual joint dinner meeting with the 
American Society for Metals, was ad¬ 
dressed by W. J. Brooking of R. G. 


LeTourneau, Inc., and the subject was 
“The Fundamentals of Welding.” 

The subject of shipbuilding was covered 
very ably by L. C. Stiles, Chicago Bridge 
& Iron Co., who addressed the Section on 
the subject “Welding of LST Landing 
Craft.” 

The following officers have been elected: 

Chairman, Alfred A. Wald, Caterpillar 
Tractor Co.; Vice-Chairman, Harold 
Baldwin, R. G. LeTourneau, Inc.; Secre¬ 
tary, Franklin Watkins, R. G. LeTour¬ 
neau, Inc.; Treasurer, John Hanley, A. 
Lucas & Sons. 

Executive Committee: Kenneth Jack- 
son, Caterpillar Tractor Co.; Lyle Bibb. 
R. G. LeTourneau, Inc.; Walter J. 
Brooking, R. G. LeTourneau, Inc. 

Directors: L. W. O’Day, Lincoln Elec¬ 
tric Co.; Iferman Moyer, R. G. Le¬ 
Tourneau, Inc.; Edwin Schmidt, Key¬ 
stone Steel & Wire Co. 

PHILADELPHIA 

Sponsored by the Philadelphia Chapter, 
American Society for Metals, with the co¬ 
operation of the Philadelphia Section, 
A.W.S., another course is being given at 
Temple University, 1827 N. Broad St., 
Philadelphia 22, starting Monday, March 
5, 7:30 P.M. at Thatcher Hall, cor. Park 
Ave. & Norris St. The course is on 
Metallurgy of Welding for engineers, 
welders, supervisors, designers, inspectors. 
Lectures and discussions by recognized 
authorities. Wednesdays, 8:00 to 10:00 
P.M. for 15 weeks, including: Manu¬ 
facture of Iron and Steel, Physical Proper¬ 
ties, Freezing of Metals and Alloys, Con¬ 
stitution Diagrams, Critical Points, Micro¬ 
structures of Welds, Effect of Heating and 
Cooling Rates, Welding Processes, Fluxes, 
Rods, Coatings, Heat Treatment of 
Welded Structures, Welding of Alloy 
Steels, etc. 

Laboratory work in a fully equipped lab. 
Mondays, 7:30 to 10:30 P.M., for 15 
weeks, including. Welding Process Demon¬ 
strations, *rensile. Hardness, Bend and 
Nick-Break Testing of Welded Specimens. 
Deep Etching and Sulphur Printing of 
Welds, Microscopic Examination, Photo¬ 
micrography, Determination of Critical 
Points of Steel, Heat Treatment of Welds, 
etc. Tuition is S25, including lectures and 
laboratory. 

The regular meeting held on February 
19th at the Engineers’ Club, was addressed 


by Norman Mochel of Westinghouse Elec¬ 
tric & Mfg. Co., who spoke on “Castings 
in Large Weldments.” 

PITTSBURGH 

Nearly 100 members and guests attend¬ 
ing the February 21st meeting to hear an 
exceptionally interesting discussion on the 
“Welding of Copper and Copper Alloys” 
by J. J. Vreeland, Metallurgical Engineer, 
Sales Promotion Div. of Chase Brass and 
Copper Co., Waterbury, Conn. His dis¬ 
cussion covered the welding of copper and 
copper alloys both by the carbon arc and 
oxyacetylene methods. With the use of 
slides and charts to illustrate his talk Mr. 
Vreeland kept the interest of those present 
at a high pitch throughout. Following 
the talk the meeting was thrown open for 
discussion. 

PORTLAND, MAINE 

Two very successful meetings were held 
in January and February. The January 
meeting held on the 30th was addressed by 

E. H. Turnock of Westinghouse, who 
spoke on “Electrodes.” A film. Part II, 
"Steel for the Armed Forces,” rounded out 
the evening program. 

Robert T. Young, Principal Surveyor of 
the American Bureau of Shipping at the 
New England Shipbuilding Corp., So. 
Portland, was the speaker at the February 
27th meeting. Mr. Young’s subject was 
"Strength in Welded Ships.” 

PUGET SOUND 

The February 21st meeting was held at 
the Mayflower Hotel, Seattle, Wash. 
Joe Holt, Webster Brinkley Co., conducted 
the question box discussion. James C. 
Cox, production manager of the S-M-S 
Corp. of Detroit, spoke on “Resistance 
Welding” and also showed a Navy film on 
Aircraft Welding, which he incorporated 
with his talk. 

ROCHESTER 

The March meeting was held at the 
University of Rochester on the 1st. G. N. 
Sieger of S-M-S Corp., Detroit, spoke on 
“Resistance Welding.” Mr. Sieger cov¬ 
ered the fundamentals of resistance weld¬ 
ing that is often overlooked. He answered 
many questions and all members present 
felt that their knowledge of resistance 
welding had been greatly enhanced. 

Among other guests were Don Patter¬ 
son, Past Secretary of the Buffalo Section, 
and Harold Beasley, also from Buffalo. 

SAINT LOUIS 

Joint meeting with the Engineers’ Club 
was held on February 15th. This was an 
all-discussion meeting from the floor on 
"Welding and Cutting” and was led by 

F. C. Fantz, Vice-President, Midwest 
Piping & Supply Co. Discussion panel 
consisted of W. S. Evans, Curtiss-Wright 
Corp.; C. H. Jennings, Westinghouse 
Electric & Mfg. Co., and J. F. Franzen, 
Air Reduction Sales Co. For several 
years this Section has sponsored at least 
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Peoria Section Officers. Front Row (Left to Right). lohn Hanley, Treasurer; Harold Bald' 
win, Vice-Chairman; Walter Brooking, Retiring Chairman; Alfred A. Wald, Chairman; 
Franklin Watkins, Secretary. Standing (Left to Right) Clifford Wimmer, Past Chairman; 
Edwin Schmidt, Director; Lyle Bibb, uecutive Committee; Larry O'Day, Director; 
Herman Moyer, Ihrector; Kenny Jackson, Executive Committee. 
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DO’S and DON’TS 

for 

Resistance Welding Timing Equipment 



Do’s 

1. Use suitable automatic current timing 

devices. 

2. Use electronic or magnetic welding con> 

factors developed specifically for weld¬ 
ing applications. 

3. Have all timing devices suitably calibrated. 

4. Use synchronous electronic timing con¬ 

trols for short timing periods or in weld¬ 
ing materials having critical weldability. 

5. Provide suitable mounting of timing de¬ 

vices to protect them from vibration, 
abuse, excessive heat or dirt and for 
ready servicing. 

6. In all seam welding applications, use syn¬ 

chronous controls, providing interrupted 
timing periods. 

7. When using an Ignitron control with a 

welder drawing less than 40 amperes 
from the line, provide a load resistor 
across the primary so that the current 
does not fall below 40 amperes. 

8. Keep all electrical contacts in relays, 

switches and contactors in good condi¬ 
tion by frequent inspection and dressing, 
or replacement if necessary. 


Don’ts 

1. Avoid using slow operating magnetic con¬ 

tactors for a welding contactor, if you 
are doing precision work. 

2. Never use non-synchronous timing de¬ 

vices for short timing (less than 4 or 
5 cycles). 

3. Do not employ non-synchronous timing 

devices for welding materials with criticm 
welding characteristics, such as alumi¬ 
num, magnesium and brass. 

4. Avoid expensive synchronous timing de¬ 

vices for long timing, non-critical an- 
plications. 

5. Don’t use welding contactors or Ignitron 

controls, the capacity of which is not 
equal to the rating of the welding 
machine and duty cycle of the application. 

6. Never operate a synchronous Ignitron 

control with the secondary of the welder 
open circuited unless a 40 ampere load 
resistor is provided. 

7. Don’t expect the timer to. operate satis¬ 

factorily if the limit relay or switch in 
the timer-welder circuit chatters, or the 
contacts are oxidized or pitted. 

8. Do not expect the timer to provide imi- 

form timing pulses if the primary voltage 
regulation is poor (ascertain timer manu¬ 
facturer’s recommended limits of volt¬ 
age variation). 


Onm of » 9 *rl«a th* 
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DO increase output by using Mallwy Standard Resistance Welding Electrodes— 
spot welding tips and holders. Consult us for seam welding wheels, flash, butt and 
projection welding dies for your particular application. Write for your copy of the 
electrode catalog and the Mallory Resistance Welding Data Book, sent gratis 
to resistance welding engineers when requested on company letterhead. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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one meeting of this kind each year, and 
every year its success increases. There 
were 350 members and guests present. A 
Pre-Meeting Movie, “Yankee Noodle,” 
was shown. 

SYRACUSE 

The March meeting of the Syracuse 
Section was held on the 8th at the Syra¬ 
cuse Museum of Fine Arts. J. J.Vreeland 
of Chase Brass & Copper Co. gave a very 
good paper on “Welding of Copper and 
Copper Alloys.” This was illustrated 
with numerous slides and after Mr. Vree- 
land finished speaking, there was a lively 
discussion period. 

Tentative plans for the annual meeting 
of this Section in May are under way, con¬ 
sisting of a dinner to be held at the Hotel 
Syracuse and installation of newly elected 
officers. 

TIDEWATER 

The regular monthly meeting of the 
Tidewater Section was held Tuesday, 
Feb. 13, 1945, at 8:(X) P.M.. in the Heet 
Reserve Hall, 305 High St., Portsmouth, 
Va. 

The meeting was called to order by the 
chairman, C. O. Barham, who then ap¬ 
pointed a nominating committee, to select 
names of members of the section, to be 
placed for nomination for offices to be 
filled, in the section for the coming year. 
The committee appointed was as follows: 
Hal R. Fields, P. C. Greene, E. S. Nauce, 
R. S. White and A. C. Love. The com¬ 
mittee is to submit to the Section at the 
next meeting, list of names nominated for 
offices. 

The speaker, W. J. Conley, a distin¬ 
guished figure in the engineering field and 
consulting engineer for the Lincoln Elec¬ 
tric Co., was then introduced by the chair¬ 
man. 

Mr. Conley gave a splendid lecture on 
the subject, “Mechanical Designs for 
Welding,” which was accompanied by 
slides, illustrating the many and various 
designs for welding. After the lecture, 
Mr. Conley retained the floor, for discus¬ 
sions, and very instructively answered the 
many questions asked, pertaining to 
welding. 

The meeting was adjourned, and light 
refreshments were served. Approxi¬ 
mately forty (40) members were present. 

The following monthly meetings and 
speakers will be held by the Tidewater 
section in the Fleet Reserve Hall, 305 High 
St., Portsmouth, Va. at 8:00 P.M. (second 
Tuesdays). 

April 10th: T. R. Lightenwater, speaker. 
Republic Steel Co., Massillian, Ohio. 

May 8th: Clinton E. Swift, speaker. 
Eutectic Welding Alloy Co., N. Y. Sub¬ 
ject: “Low-Temperature Welding.” 

TOLEDO 

The February 13th meeting had to be 
moved ahead one w'cek on short notice, so 
as to give the members a chance to attend 
the Toledo Technical Council meeting, 
which fell on the regular meeting date of 
the Toledo Section. Walter F. Benning, 
Chassis Engineer, Willys-Overland Mo- 
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tors, Inc., talked on the "Futxire of the 
Jeep,” and a color film brought out more 
information about this unusual vehicle. 

The members of the A.I.E.E. were in¬ 
vited to be present at this meeting as the 
subject was “Resistance Welding” which 
they would be interested in. 

Charles W, Dodge, Research Engineer 
of Sciaky Brothers, Chicago, gave an ex¬ 
planatory lecture on welding of aluminum 
and steel by the resistance method. 

The special guest, J. F. Maine, Chief 
Engineer, Republic Structural Iron Works, 
Cleveland, and Vice-President of the 4th 
District, A.W.S., answered many directed 
questions. 

Two short films, “Battle Wreckage” 
and “Captured German War Film,” top¬ 
ped a worth-while evening. 

WESTERN MICHIGAN 

E. J. Tompkins, Chief Metallurgical 
Engineer for Cent^ Steel & Wire Co., 
Chicago, spoke on the subject “Changes in 
Material Specifications for Specific End 
Uses from Pre-War Materials That Have 
Been Effected by Developments Diuing 
the War Period,” at the February 26th 
meeting of this Section. A color motion 
picture, showing iron ore from the mine to 
the completed product, was shown through 
the courtesy of the Camegie-Illinois Steel 
Co. 

WESTERN NEW YORK 

Charles H. Jennings of the Westinghouse 
Electric & Mfg. Co. spoke on “Practical 
Phases of Welding Design” at the January 
22nd meeting held at the Forty & Eight 
Club. 

WICHITA 

The February meeting of the Wichita 
Section was held in the Rose Room of the 
Broadview Hotel on Wednesday, Feb. 2l5t. 
Our speaker for the evening was F. C. 
Fantz, Vice-President of Midwest Piping 
& Supply Co., St. Louis, Mo. Mr. Fantz 
started the evening by telling something 
about each type of welding. Several 
questions were asked and this led to sev¬ 
eral discussions. Mr. Fantz is a good 
authority on welding and was able to give 
a good answer to each question asked. 
His subject for the evening was “Design 
for High Pressure-High Temperature Alloy 
Steel Pipe Welding.” Mr. Fantz has had 
considerable experience with the various 
alloys and gave some very interesting in¬ 
formation concerning them. His talk was 
accompanied by slides which made the 
meeting very interesting. 

The last item on the program for the 
evening was a 35-minute sound film fur¬ 
nished by the Army Air Force. 

YORK-CENTRAL PENNSYLVANIA 

The February 14th meeting was ad¬ 
dressed by Arthur A. Holzbaur of the Sun 
Ship-building & Dry Dock Co., Chester, 
Pa. Mr, Holzbaur spoke on the subject, 
“Welded Ship Construction.” 

E. J. Charlton, Manager, Development 
Engineering for Lukens Steel Co., was the 
speaker at the March 14th meeting. His 
subject was “Conversion to Welded Steel.” 
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The April 11th meeting will be an Annual 
Meeting and Dinner and will be held at the 
Valencia Ballroom. This night has been 
set aside as Ladies' Night. The General 
Electric Co. will exhibit and explain their 
“House of Magic.” Meeting will start at 
7 P.M. 

The May 9th meeting will be a Coates- 
ville meeting for members only. 


Employment 
Service Bulletin 

POSITIONS VACANT 

V-156. Welding Foreman. Man ex¬ 
perienced in gas and atomic hydrogen 
welding of stainless steel. Applicant must 
be capable of assuming full supervision 
and have the ability to instruct Welder- 
Trainees. 

V-157. Welding Sales Engineer: Large 
manufacturer of nonferrous welding elec¬ 
trodes requires the services of a sales 
engineer with welding and engineering 
background to handle technical sales 
correspondence, demonstrate and contact 
distrilmtors. Good starting salary. Per¬ 
manent connection with nationally known 
- organization. WMC rules apply. 

V-168. Welder Foreman. Experienced 
man thoroughly familiar with acetylene 
welding of carbon steel and stainless steel 
sheet metal parts for aircraft. Must have 
proved supervisory experience and cap¬ 
able of instructing welder-trainees. Write 
giving full particulars as to age, experience 
and salary desired. 

V-159. Salesman—To sell brazing, 
hard soldering fluxes and electroplating 
specialties for progressive manufacturer 
in Metropolitan area of New York City 
and Newark. Salary, commission and 
bonus. 

SERVICES AVAILABLE 

A-487. Welding Metallurgist desires 
position. Age 27, single. Graduate B.S. 
Met. Eng. 1939. Graduate work in 
Metallurgy. Has been successfully em¬ 
ployed in Metallurgical Research and 
Development work since 1940. Present 
position testing and research work on 
arc-welding electrodes. 

A-494. Operator, 5 years’ experience. 
Arc and Gas, familiar with hard-soldering, 
brazing, stainless, production work only. 
Especially experienced on pressure proof 
tested sheet metal boxes and housings. 
Operates lathe and shaper, can make 
simple jigs. Can assist general foreman 
in taking supervision of medium welding 
department, New York City and vicinity. 

A-495. Welding engineer who has 
theoretical training and practical experi¬ 
ence in all phases of welding. Has a 
thorough know’ledge of welding costs, sales 
and management. Specialized the past 
year on Resistance Welding methods, de¬ 
sign and application. Will consider posi¬ 
tion as Welding Engineer, Welding equip¬ 
ment or supplies sales, or as shop super¬ 
intendent in charge of all welding. 

A-496. Welding Engineer; 10 years as 
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CHICAGO EYE SHIELD CO. 

2332 WARREN BOULEVARD, CHICAGO 12, ILLINOIS 


• Welders wearing Cesco’s new Air-Flow Helmets 
stay at their jobs in comfort, under any conditions. Tests 
in many large plants have proved that production is in¬ 
creased as a result. 

Cesco’s advanced method of helmet “air-conditioning” 
washes away fumes and heat . . . reduces worker fatigue. 
Fresh air is ingeniously supplied by a new, exclusive sys¬ 
tem of air feeding. 

Doctors and safety engineers designed . . . and strongly 
recommend . . . the new Cesco Air-Flow Helmet. Work¬ 
ers welcome it . . . never before have they been assured 
such safety, comfort and health protection. 


NOW...you can Increase Production 


Get the facts,*, FREE 

Write for this new, 
illustrated CESCO 
booklet TODAY 
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Woldiug Engineer. 21 years Railroad 
experience. Experienced on production 
of all-welded pressure vessels, locomotive 
boiler shell, gun carriages, Diesel engine 
frames, heat exchangers etc. Materiate 
of mild, low and high strength alloy, stain¬ 


less and chrome steels, copper and copper 
alloys. X-ray wcrk. Knows welding 
codes. Army and Navy Spec's. Experi¬ 
enced in Union-Melt, Gimeral Electric and 
Lincoln Autcnnatic operation. Graduate 
M.E. Knows Physical Metallurgy. 


Thirty years’ service with two large cor- 
poratitms. Member A.W.S. Available 
immediately. Desires permanent position 
with railro^ or welding concern who can 
eventually employ thb varied experience 
to fullest extent. 


List of New Members 


BIRMINGHAM 

Duggan, Claude (B), Menefee & Elliott 
Engrs., is Steiner Bldg., Birmingham, 
Ala. 


BOSTON 

Fluke, W. E. (B). 292 Main St., Cam¬ 
bridge 42, Mass. 

Wise, Frederick R. L. (B), S. D. Hicks 
Eng. Co., 1671 Hyde Park Ave., 
Hyde Park Dist., Boston, Mass. 


BRUNSWICK, GA. 

Beall, Paul N. (B), Hotel Willetta, Bruns¬ 
wick, Ga. 

McDottal<^ B. 0. (B), W. A. 24, Apt. 174, 
Brunswick, Ga. 


CANTON 

Davidson, Kenneth B. (C), 809 Third St., 
S. W., Canton 4, Ohio. 


CHICAGO 

DuVal,LarkEdw.(C), 1104West 103d PI.. 
Chicago 43, Ul. 

Kirtley, Bdw. M. (B), Mid-States Equip¬ 
ment Co., 2429 S. Michigan Ave., 
Chicago 16, Ill. 

Reed, Walter S. (B). 320 OakUnd Dr., 
Highland Park, Ill. 

Sima, Henry (C). 2834 So. Kostner Ave., 
Chicago 23, lU. 


CINCINNATI 

Lewin, Gua (C), 4312 Watterson St., 
Cincinnati Ohio. 


CLEVELAND 

Luebbert, H. F. (C), Stadium Boat Wks., 
Ft. of W. 3rd St., Cleveland 13, Ohio, 

Pracker, Arthur W.(C), 1370W. 114th St.. 
Cleveland, Ohio. 

Silverman, Irving (C), 2196 Delaware 
Dr., Cleveland Hts., Ohio. 

Tmden, F. A, (B), Consolidated Vultee 
Aircraft Corp., Nashville Div., Nash¬ 
ville, Tenn. 

Whitney, Robt C. (C), 1264 E. 115 St., 
Cleveland, Ohio. 


DETROIT 

Chin, Capt Chia Tao (B), Y.M.C.A., 
Flint, Mich. 

Hannan, Lawrence B. (C), Square D Co., 
6060 Rivard, Detroit 11, Mich. 

Kohler, Theodor (C), 19349 KeUy Rd., 
Detroit, Mich. 


February 1 to February 28,1945 


HARTFORD 

Zenczak, Stephen A. (B), 148 Madison 
Ave., Hartfcx'd 6, Conn. 


INDIANA 

Condon, Herbert F. (B), Anderson, Ind. 
Zietlow, Lt F. P., (B) n.S.N.lL Prc^uction 
Div., Puget Sound, N. Y., Bremerton, 
Wash. 


LEHIGH VALLEY 

Jenny, Cletus J. (C), 7 Clay St., Dela- 
wanna, N. J. 


LOS ANGELES 

Baldwin, John W. (C), 2927 Altura St., 
Los AngelesSl, C^if. 

Convene, Paul L. (C), 1834 Stoner Ave., 
West 1^ Angeles 25, Calif. 

Groht, Fred (C). Victor Equipment Co., 
3821 Santa Fe Ave., Los Angeles 11, 
Calif. 

Nadgwick, L. W. (C), 12013-4 E. 61 St., 
Lw Angeles 1, C^f. 

Simmons, Edw. E., Jr. (C). 455 S. 
Oakland Ave., Pasadena 5, Calif. 


LOUISIANA 

McKinatry, W. B. (B), American Bureau 
of Shipping, 1413 Hibernia Bank Bldg., 
New <>leans. La. 


MARYLAND 

Wallace, Wm. B. (C), 1132 Bonsai St., 
Baltimcxe 24, Md. 

Whiting, Geo. Wm. C. (C), The Whiting 
Turner Contracting Co., 305 National 
Marine Bank Bldg., Baltimm’e 2, Md. 
Wingert, Donald B. (B), 14 Snbright 
Ave., Baltimore 22, Md, 


MICHIANA 

Abair, G. H. (C), R. R. 4, Niles. Mich. 
Heuck, Raymond (C), 2718 Hartzes St., 
So. Bend, Ind. 

Mittler, Geo. W. (C), 1323 E. South St.. 
So. Bend 15, Ind. 

Van Lopik, C. E., (C), 124 L W E, So. 
Bend 6, Ind. 


NEW JERSEY 

B^ezney, Michael (C), 2718 Bainbridge 
Ave., Bronx, N. Y. 

Butler, Laurence B. (C), 92 W. 33d St., 
Bayonne, NJ. 

Caahmore, C. Kmest (B), 819 Walnut St., 
Roselle Park, N. J. 

Corley, Joseph M. (B), 25 S. Oraton 
Pkwy., East Orange, N. J. 


Dawkins, Harry C. (B). Tidewater Assoc. 
Oil Co., Ft. 22d St., Bayonne, N. T. 

Dugan, Stephen P. (C), 403 Walnut St., 
Newark, N. J. 

Jackel, H. A. (C), General Engrg. Co., 
66-67 N. Ninth St., Paterson, N. J. 

Jones, Earl C. (C), 500 Haddon Ave., 
Camden, N J. 

Krol, Peter F. (B), 16 Doering Way, 
CiWford, N. J. 

Lewis, Henry S. (B), Manning Welding 
& Eng. Co., 30 Ogden St., Newark. 
N.J. 

Undstrom, Harvey V. (C). 10 Van Housten 
Ave.. Jersey City, N. J. 

Lundelius, A. (B), Metalsmiths, Div. 
Orange Roller Brg. Co., 557 Main St., 
Orange, N. J. 

McAvoy, Da^d (C), American Metal 
Co., 247 Verona Ave., Newark 16. 
N.J. 

McCiwey, Raymond J. (B), 719 Blvd., 
Bayonne, N. J. 

Mielozarski, Chester C. (C), 69 Claremont 
Ave., Jersey City 6, N. J. 

Miller, Frederick (C), 3^ Ocean Ave., 
Jersey City, N. J. 

Mooney, Gerard P. (C), 537 S. Broad St., 
Elizat^th, N. J. 

Safko, Frank A- (C), 790 Carson St., 
Hazleton, Pa. 

Schwahl, Edw. (C), 9—4th St., N. Arling¬ 
ton, N. J. 

Spelzio, Mario F. (C), 484 Ave. A, 
Bayonne, N. J. 

Transon, Adam J. (B), c/o Engr. Dept., 
Tide Water Assoc. Co., B. 22nd St., 
Bayonne, N. J. 


NEW YORK 

Humphrey, Stanley M. (B), 55 Trumbull 
Rd., Manhasset, L. I., N. Y. 

McArthur, Walter B. (C), Atlantic Special¬ 
ties Co., RM. 2512, 220 E. 42nd St., 
New York 17, N. Y. 

Oster, Harold F. H. (C), 58 WaU St., 
Farmingdale, N. Y. 

Reade, ^cent J., Jr. (B), c/o Whitehead 
Metal Products Co., Inc., 303 W. lOtb 
St.. New York, N. Y. 


NORTHERN NEW YORK 

Nippes, Dr. B. F. (C), Rensselaer Poly¬ 
technic Institute, Troy, N. Y. 


NORTHWEST 

Garowsky, Dan (C), 1159 E. Jenks Ave., 
St. Paul 6, Minn. 

King , Phillip A. (C), 575 CromweU Ave., 
St. Paul 4, Minn. 

Lofstrand, Wilton S. (C), 4839 Fremont 
Ave. N., Minneapolis 12. Minn. 
Lundbe^, Milton A. (C), 5232—46th Ave. 
S., Minneapolis 6, Minn. 
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A-C WELDING Helps **Keep ’em Rolling” on Rubber.•• 


From Imp to 20-ton tank retrlovor/ Amer¬ 
ica's army rolls on rubber. Tire "casualty rates" 
in battle have strained tire manufacturing facili¬ 
ties to the limit, and many a vital transportation 
battle at home and abroad would have been lost 
if repairing, recapping and retreading equip¬ 
ment had not been Instantly available. 
Supplying such equipment is the job of the Bacon 
Vulcanizer Manufacturing Company of Oakland, 
California. With welded fabrication neatly side¬ 
stepping the foundry bottleneck, this firm stepped 
up production in record time to get badly-need¬ 
ed recapping equipment to overtaxed military 
and civilian tire repair shops. 

Five G-R welders (two Model 49, three Model 35) helped 
the welding department meet stepped-up schedules on 
time. A.C. welding, with no magnetic blow, with higher 
welding heat without undercutting, is the ideal answer to 


the demand for speed. And, for A.C. welding at its best, 
you can’t beat G-R. The easiest woy to prove it is to try it, 
on your own job. See your nearby G-R distributor and 
arrange for a demonstration nowl 

# G-R standard modaii rang* from 100 to 2,500 amp. capacity, man¬ 
ual or automotic Rowor foctor cerroctlon availabi* on ail modtls. 



Top photo shows 0>R Modol 49 bondllng rod on o stoom 
lodiot socun wold; lowor vlow shows on# of 3 modol SS's on 
ports fobricoHon work. 


GLENN-ROBERTS COMPANY 

3100 E. TENTH STREET •OAKLAND 1, CALIFORNIA 

3107 ADAMS STRflT fNDIANAPOlfS f, INDIANA 
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OKLAHOMA CITY 

Cole, James L. (C), Oldahoma City Ma¬ 
chine Wks., 1633 W. Main St., Okla¬ 
homa City 4, Okla. 

Enochs, Elmer P. (C). Gen. Del. Stk. 
Yds. Sta., Oklahoma City, Okla. 

Lee, Marvin L. (B), National Cylinder 
Gas Co., Oklahoma City, Okla. 

Rogers, Orman B. (C), Box 812, Drum- 
right, Okla. 


PHILADELPHIA 

Carr, John J. (B), Frank J. Lunney, 17th 
& Cambria Sts., Philadelphia 32, Pa. 
Kohler, Julian (C), Arcos Corp., 401 N. 

Broad St., Philadelphia 8, Pa. 

Prescott, Geo. R. (A). United Welding & 
Construction Co., Inc., 2502 Edgemoni 
St., Philadelphia, Pa. 

PITTSBURGH 

Lawson, Thos. R. (B), Murrysville, Pa. 
Patterson, Jas. H. (b\ '^e Linde Air Prod¬ 
ucts Co., 311 Ross St., Pittsburgh, Pa. 


PORTLAND, ME. 

Adams, Alexander G. (C), 30 Winter St.. 
Portland, Me. 

Coughlin, John E. (C), 24 St. Laurence 
St., Portland, Me. 

French, Chas. W. (C), 5 Bonneybank Rd., 
S. Portland, Me. 

Hanlon, Samuel O. (C), 5 "0“ St., S. 
Portland 7, Me. 

Howe, Francis C. (C), 112 Massachusetts 
Ave., S. Portland, Me. 

Littlefield, Willis S. (C), Box 611, Ogun- 
quit. Me. 

Mahar, Dane G. (C), 23 Maple St., S. 
Portland, Me. 

Marco, Wesley G. (C), R. F. D. 1, Bridg- 
ton. Me. 

Mason, Clarence B. (C), Johnson Rd., 

R. F. D. 4, Portland, Me. 

Hilkey, Ernest N. (C), 533 Cottage Rd., 

S. Portland, Me. 

Oppedisano, S. J. (C), 95 B Munjoy St., 
Portland 3, Me. 

Ricker, Henry A. (C), 100 Anthoine St., 
S. Portland, Me. 

Sangillo, Peter H. (C). 50 W. Pleasant St., 
Westbrook, Me. 


Strout, Glenwood W. (C), 74 Church St., 
S. Portland, Me. 

Williams, P. T. (C), 19 Elsmere Ave., 
S. PorUand 7, Me. 

PORTLAND, ORE. 

Boylan, Earl (B), 644 E. 42d Ave., Mc¬ 
Laughlin Hts., Vancouver, Wash. 

Buck, Paul L. (B), 2347 N. Schofield St., 
Portland 3, Che. 

Simmons, W. A. (B), 4502 N. E. 42d 
Ave., Portland 13, Ore. 

Smith, Bob (B), P. O. Box 461, Vancouver, 
Wash. 

Wunn, Donald C. (B), Yard Training 
Bldg., Kaiser Co., Inc., Vancouver, 
Wash. 

PUGET SOUND 

Trexel, C. A. (C) 622 Exchange Bldg., 
Seattle 14, Wash. 

ST. LOUIS 

Fassel, Le Roi A. (C), 2818 HUldale Dr.. 
Brentwood 17, Mo. 

Taylor, Earl E. (B), R. F. D. 1, Box 284, 
Granite City, Ill. 


SAN FRANCISCO 

Ashley, Geo. Wm., U.S.N. (C), c/o F.P.O. 
San Francisco, Calif. 

Bu^, D. T. (B), Permanente Metals 
Corp., Richmond, Calif. 

Hale, Lt. Robt S., (C), Rm. 2102, Admin¬ 
istration Bldg., U. S Naval Drydocks, 

. Hunters Pt., San Francisco 24, Calif. 

Wakeman, Harry E. (B), Route 1, Box 
529F. Los Altos, Calif. 

SOUTH TEXAS 

Myrow, Chas. F. (C), Stoody Co., Box 429, 
Whittier, Calif. 

SYRACUSE 

Mahoney, James D. (C), 108 Berwyn 
Ave., Syracuse 5, N. Y. 

WESTERN MASS. 

Krupke, Herman W. (C), 40 Mason St., 
Springfield 9, Mass. 


WESTERN MICH. 

Hulbert, Vhrian (B), Box 129, Pentwater, 
Mich. 

Slaughter, W. H. (B), Slaughter Mfg. Co., 
3753 S. Division Ave., Grand Rapids, 
Mich. 


WESTERN NEW YORK 

Darr, Eugene B. (C), 476 Ashland Ave., 
Buffalo 13, N. Y. 

MacKenzie, Walter C. (C), Beals Mc¬ 
Carthy & Rogers, Inc., 50 Terrace, 
Buffalo 5, N. Y. 


YOUNGSTOWN 

Brown, Arthur H. (C), c/o Lukens Steel 
Co., Coatesville, Pa. 

Gaupp, James L. (B), R. D. 2, Colum¬ 
biana, Ohio. 

Hippier, Franklin Z. (C), 519 E. Liberty 
St., Hubbard, Ohio. 

Watson, Chas G. (A), The Youngstown 
Welding & Engr. Co., 3700 Oakwood 
Ave., Youngstown, Ohio. 


YORK-CENTRAL PENNA. 

Fish, George (C), York Corp., York 
Haven, Pa. 

Ken 4 >er, Ludier H., (C), 109 Fairview 
Ave.. Waynesboro. Pa. 

McCulloh, Wm.L., (D). Mercersburg, Pa. 
Naughton, John F. (C), 1121 Olive St., 
Coatesville, Pa. 

Parker, Harry A. (C), 124 E. Main St., 
Coatesville, Pa. 

Turner, Joseph W. (B), H. P. Turner Co., 
Atglen, Pa. 


NOT IN SECTIONS 

Adams, John (C), Hays Mfg. Co., 801 
W. 12 St., Erie, Pa. 

Coates, William Stanley (B), Ashley 
Kate St., Morningside El., Brisbane, 
Queensland. Austr^ia. 

Herscovitch, Wm. (B), 120 Cardine St., 
South Jorra, Victoria, Australia. 

Wilson, Harry (B), Holt Engr. & Pty., 
Ltd., Fra-est Rd. & Princes St., 
Bexley, Sydney, Australia. 


Members Reclassified 


Dtiring Month of February 


CANADA 

Morris, Ernest J. (from C to B), Reserve, 
Sask., Canada. 

CHATTANOOGA 

Stage, Pvt K. F. (from D to C), A.P.O. 
219, c/o P.M. New York, N. Y. 

COLUMBUS 

Romas, Marion V. (from D to C), 39 .S. 
Hartford Ave., Columbus 8, Ohio. 

INDIANA 

Leonard, James A. (from D to C), 1823 
Roosevelt Ave., Indianapolis 1, Ind. 


LOS ANGELES 

Passerello, Bert (from D to C). 1503 W. 
Spring St., Long Beach 6, Calif. 

NEW JERSEY 

Mackenzie, Robert (from C to B), 860 
Livingston Rd., Elizabeth, N. J. 

Vigani, Frank (from D to C), 1^ Clarke 
Ave., Jersey City, N. J. 


NEW YORK 

Taylor, Robert (from D to C), 103 W. 
120th St., New York 27, N. Y. 


SAN FRANCISCO 

Robbins, Lawrence (from D to C), 3028 
Irwin St., Vallejo, Calif. 


YORK-CENTRAL PENNA. 

Haverstick, Harvey (from D to C). 
Rohrerstown, Pa. 


NOT IN SECTION 

Hopkins, P. A. (from D to C). c/o Hopkins 
Equip. Co., Hatfield, Pa. 
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Sec t/ons— CHAIRMEN, 


SECRETARIES, AND REOUIjAR MEETING DATES 


ArUtWVA IrtFri. 

MCUTAJtT—J. V. ToufUl, Air Reduction 
SnlM Co.. 8M Sprint St., N. W., AtUnU, 
G*. 

■nOCIMOHAM Ut Thui*. 

CW A WM fc K —W. B. Bkownimo, The Linde Air 
Prodncte Co., 1001-13 So. 22nd St., Birmint- 
hnm, Ala. 

aSCnKTAKT-TMABoaBS—W. L. PooLB, Air 
Reduction Seica Co.. 2826 N. 29th Atc.. 
Birmingham, Ala. 

Mon. 

onAUMAM—P. W. Datu, B. B. Badger & Son* 
Co., 76 Pitta St., Boaton, Meat. 

•BcnnTAnr—P. N. Ruoo, 22 Eaatera Ave.. 
Wakefield. Maaa. 

BRIDGEPORT 

CHAIBMAN— N. B. Gtu4LANi>. 4883 North Main 
St., Stratford. Conn. . 
ascBBTAXY—C. Paxks. The Bullard Co., 286 
Canfidd Ave., Bridgeport 2, Conn, 

BRUMSWIGK, OA. 

CBAiKMAN—W. A. PiBMB, J*., J, A. Jooea 
Conat. Co., Bnuawick, Ga. 
ancKBTABy—W. P. Bolbm. 1803 Dartmonth St., 
Brunawick, Ga. 

CHATTAMOOOA. TDIN. . Ut Wod. 

cbaxbman —JpBTXN Bbow/«, Chattanooga 

Boiler Tank Co., 1011 B. Main St., Chatta¬ 
nooga. Tenn. 

ancnBTABY-TBBAa.—R. ' O. Wilsoh. 1329 
Chaatnnt St.. Chattanooga 2, Tenn. 

OHIOAOO and Fri. 

CBAZUtAX—C. L. PpBiYVBB, 316>/t N. Menard 
Ave., Chicago, Ill. 

BBCnnYABY— T. B, jBrBBBBOM, TIu WeUint 
Ent{n4ir, 606 S. Wabaah Ave.. Chicago. Ill. 

OXMOIMMATZ. OHIO 

CHAUCMAN—GnoaoB A. Jacoby, 1743 S. Dereu 
Dr.. Hamilton, Ohio 

SBCKBTAnv—L. E. Sbbxmah, Box 183, Lock- 
lud P. O., Cincinnati, 16, Ohio 

OUCVEIJUID and Wad. 

CTAiBHAM—R om j. Yakbow,^ Republic Struc¬ 
tural Iron'Worka, 1290 B. 53rd St.. Cleve- 
laad, Ohio 

BBcnBTABy.TXBAa.—A. Lbxub PrsiL, Univer- 
aal Power Corp., Cleveland, Ohio 

COLUMBUS, OHIO 8nd Fri. 

chaxbmam —L. P. Wood, Curtiaa-Wright Carp., 
4300 B. 6th Ave., Columbua 16, Ohio 
aacBBTABY—O. S. Hbxkbm. The Seagrave 
Corp.. Columbua. Ohio 

DETROIT let Fri. 

caAiBHAN—H bnkt C. NBtTXB., Whitehead A 
Kalea Co.. 58 Halting, Detroit 18. Mich. 

•BCBBTAKY-G. N. SlBOBK, S-M-S COTp., 1166 

Harper Ave., Detroit. Mich. 

HARTFORD 

CHAxaxAN—J ohn W. MoKrnm.The Whitelock 
Mfg. Co., P. O. Drawer 390, Hartford. Conn. 
BBCBBTABY — ^R. H. Flobiam, Tnimbull Elec¬ 
tric Mfg. Co., Plainville, Conn. 

BAWAU baat Thuaa. 

cmAinHAM—G bobob Glovbb, W. a. Ramaay, 
Ltd., Honolulu, T. H. 

BBCBBTABY — Alam G. Supybb, Hawaiian Oaa 
FredueU Co.. P. O. Box 2464, Honolulu. 
T. H. 

IMDIAMA and Fri. 

otAiBMAN—J. R. WtBT. ProceM Dept. Delco- 
Remy Dlv., Gen. Motora Corp., Anderaon, 
Ind. 

BBCBBTABY—MBS. MbBCBPBB SYOTTS, P. R. 
Mallory Co., IndienepoUs. Ind. 

KAMBAS GITT, MO. lat Tuaa. 

CBAiBMAM—D panb Db Bkcnnbb, Columblen 
Steel Tank Cor.. 1609 W. 12th St., Kansas 
City, Mo. 

BBCBBTABY —A. C. Slcm, Moore Company, 
666 WcBtpo r t Road,- Kanaaa City, Mo. 

LEHIOH VALLET 

CHAIBMAN—J. W.Kbnwortby, 113 N. 11th St., 
Allentown, Pa. 

BBCBBTART—JOLiuB Naab, Ingeraoll-Raod Co., 
Phillipaburg, N. J. 

DOS AMOELES 3rd Thura. 

CBAIXMAN—CHABL.BS A. Babbitt, Western 
Pipe & Steel Co., 5717 Santa Pe Ave., Los 
Angeles, Calif. 

8BCKBTABY —E. O. WILLIAMS, Victor Equip¬ 
ment Co., Los Angeles, Calif. 


LOUlSVIXiLE Laat Ttse*. 

chaomax—Thbodobb B. Lbwxs, Jefleraon- 
villc Boat ft Machinery Co., LouisrUle, Ey. 
SBCXBTABY—R. L. Hocbatbassbb, Joseph W 
Greathouse Co.. 530 River Road. Louisville 2, 
Ky. 

MARTZtAHD 3rd Fri.. eaeopt April 

CBAiBHAM— J. C. Cumbbblamd, LexingtOB 
Bldg., Room 1000, Baltimore, Md. 
bbcbbtabt-Tbbas. — W. H. Sbapbow, 3806 
Bdnor Road, Baltimore, Md. 

MICHlANA 

chairman —W. G. Passnacht, Bendix Prod¬ 
ucts Div., Bendix Aviation Corp. South Bend 
20, Ind. 

sbcrbtary—G. O. Hill, Carnegie Illinois 
Steel, 1441 Chester St., South Bend 15, Ind. 

MILWAUKEE LMt Fri. 

CBAiRMAN — Carl Malkbrro, 566 Elm Spring 
Ave., Wauwatoaa, 

BRCRBTART— Chauncy Hart, Hell Co., 800 W. 
Montana St., Milwaukee 

MOBILE 

CHAIRMAN— Rrynols Alonxo, Rt. 8, Box 24, 
Stanton Rd., Mobile. Ala. 
iBcnRTAXY-TRRAS.—W. B. Kblly, 1561 Luting 
St., Mobile, Ala. 

NEW dERSET 3rd Tuaa. 

CHAIRMAN —G. N. NiOB, lldewRtcr Associated 
Oil Co., Bayonne, N. J. 
sbcrbtarv —P. N. Mattbrn, Wilson Welder ft 
MeUls Co., 60 E. 42nd St.. New York 17. 
N. Y. 

NEW YORK find Tuaa. 

CHAIRMAN —G. V. Slottman, AIt Reductioo 
SRies Co., 60 B. 43ad St, New York 17, N. Y. 
bbcrhtary — Oborob Sthrs. The Linde Air 
Products Co., Ganerel Publidty Dept., 30 B. 
42nd St. New York. N. Y. 

NORTHERN NEW YORK Laet Thura. 

CH A IRM A N —H. S. Swan, American Locomotive 
Co.. Nott St., 6 Sto^ Bldg.. Schenectady, 
N. Y. 

BRcaRTAXY—R. S. pRLTON. OeoeTel Blactric 
Co., Schenactedy, N. Y. 

NORT HW EST 3rd Wed. 

CHAIRMAN—C. M. Unobrwood, Nortbem 
Pump Co., MinncRp^, Minn. 
brcrbtaxv — Albxib Cabwbll, Manufacturera* 
Assoc, of Minn., 200 Builders Bxebenga 
Bldg.. Minneapolis, Minn.- 

OKLAHOMA CITT first Thifra. 

CHAIRMAN— H. N. Souca, 1317 S. W, 32, 
ndabomR City. Ofcla. 

•RCRHTART —J. M. Midbkb, 100 B. Main St., 
OkUhoma City 3, Okla. 

PASOAOOULA 

chairman—W. B. Bowrn, The Ingalle Ship¬ 
building Corp., P. O. Box 149, Pascagoula, 
Mias. 

aBCRBTARY-TRRAS.—MlLTON PORMAN, 1012 
Cherubusco St., PRscRgoula, Mias. 

PEORUU>CENTRAL ILLINOIS 3rd Wad. 
chairman — Alvrbd a. Wald, Caterpillar 
Tractor Co., Peoria, 111. 

BRCRRTARV—Pranklin WatkIns R. G. Le 
Toumeau, Inc., Peoria, III. 

PHILADELPHIA Srd Mon. 

chairman —O. R. Johnson. The Liaceln Elec¬ 
tric Co., 401 N. Broad St, PUladcIphia 8. 
Pa 

BRCRRTARY—K. W. OSTROM, 218 GlSO OsTy 
Dr., Weatgata Hills, Upper Darby P.O., Pa. 

PITTSBURGH MlddU Wad. 

CHAIRMAN —C. H. jRHHiNoa, Westinghouse 
Elec. & Mfg. Co., Pittsburgh, Pa. 
aBCRBTABY—J. F. MiNNOTTR, Mlnuotte Bros. 
Co., 1201 House Bldg., Hays (7) Pittsburgh, 
Pa. 

PORTLAND. ME. 

CHAIRMAN—A. R. SCBWRROTVSORR, 30 Rich¬ 
land St. So. Portland. Me. 
aacRRTARY-TRBAa.— Lbonard W. Coopbx, Fal¬ 
mouth Foreside, TowoLanding, Portland, 
Me. 

PORTLAND ORE. 

CHAIRMAN —B. L. Hann, 940 S. B. 7tb Ave., 
Portland, Ore. 

SBCRBTARY—PAUL Kullbbro, Industrial Spe¬ 
cialties Co., 940 S. B. 7th Ave., Portland 14. 
Ore 


PUOET SOUND Laat Wad. 

CHAIRMAN—G. L. TAVtHT. Wabstar Wdding 
Co.. 1211 Pine St.. Seattle, Wash. 
•RCRHTARY—J. Barx, Todd Pscific Shipyard, 
Seattle. Wash. 

ROCHESTER. N. T. 1st Thura. 

CHAIRMAN— Paul A. Bcxlund. 36 HArgrave 
St., Rochester, N. Y.- 

SBCRBTARY— Bdwaro R. Jonbs. Allen Iron ft 
Welding Wks., 133 Murray St., Rochester 6, 
N. Y. 

SAN FRANCISCO Laat Fri. 

CHAIRMAN—C. P. DOOOXTT, MooTC Dry 
Dock Co., Ft Adeline St. Oakland, Calif. 
SRCaRTARY—R. B. Labaoh, Victor Equipment 
Oo., 344 Polsora St., San Francisco, Calif. . 

ST. LOUIS and Fri. 

CHAIRMAN—W. S. Evans, 739 Glen Vista, 
Oltndale, Mo. 

aRCRBTARY —H. C. Closh, Machinery ft 
Welder Corp., 700 S. Spring Ave., St. Louis, 
Mo. 

SOUTH TEXAS 3rd Thura. 

CHAIRMAN—B. C. Jackson, Southern Pacifie 
Lines, 324 Sonthem Pacific Bldg., Houston, 

Texas 

SBCRRTARY-TXRAS.—A. B. WieLRX, Hughes 
Tool Company, 800 Hughes St., Houston. 

Texas 

8TRAOUSE 2nd ThuM. 

CHAIRMAN—RoBBXT GxBBR, Carrier Corp. 302 
S. Geddes St., Syracuse, N. Y. 
sbcrbtary —J. Hotchkiss, 1590 Westmore¬ 
land Ave., Syracuse 10. N. Y. 

TIDEWATER 

CHAIRMAN—C. O. Barham, 1501 Lansing Ave., 
Portsmouth, Va. 

sbcrxtabt-trbas. —B. C. Rowrll, 118 Oregon 
Are., Portsmouth, Va. 

TOUDO SvdTuas. 

cbairmam—B owiN NAnoRX, Toledo Steel 
Tubs Co., 2106 Smead Are., Toledo 6, Ohio 
sbcxhtabt — Llotd Bbrstickbr, 4^4 Temp- 
ler Road, Toledo 12, Ohio 

WASHINGTON, D. O. and Tum. 

CHAIRMAN— C. B. Jackson, Naval Research 
Lab., Wssbingtoo 20, D. C. . 
sbcrbtarv —G. G. Lutbbr, Naval Research 
Lab., Aaacoatia Station, Washington, D. C. 

W ES T ER N M ASSA OHU8E TT8 Laat Mon. 

CHAIRMAN— Bmh. Stoltb, Wssthighoute Elect, 
ft Mfg. Co., 653 Page Blvd.. Springfield 2. 

Mass 

■bcrbtart —B. J. PRLTtRR, Westinghouse 
BIset ft Mfg. Co., 663 Page Blvd., Spring- 
field 2. Maas. 

WESTERN MICHIGAN 
CHAIRMAN— W. J Blbrookh, Hsven-Busch. 

Co., 501 Front. N. W. Grand Rapids, Mich. 
sbcrbtarv —R D. Layman, The Lincoln Blec- 
trie Co., 200 Division Ave.. Gmod Rapids 2, 
Mich. 

W EST ERN NEW YORK 3rd Fri. 

CHAIRMAN—JOSRPN CuUSINS J Li. CouSins ft 
Sons Boiler Wks .667 Tlffl St.. Buffalo. New 
York 

SRCRSTARY—R. S. I.ANR, Russ Heater & Mfg. 
Co.. 1407 West Ant.. Buffalo. N. Y. 

WICHITA. RAN. 3rd Wod. 

CHAIRMAN—R. W. Townsbnd, 266 South 
MlnncRpoUs, Wichita, Kan. 

■BCRXTAXY—M. L. Lamyton, 2312 N. Minnc- 
sotA, WIcbitSL Kans. 

YORK—CENTRAL PA.r 2nd Wod. 

CHAIRMAN—C. B. LbWIS KRRCBNRa, R. D. 

No. 1, Thomasvitle, Pa. 
brcrbtAxv — Paul Drbbbkl, Dressel Spring 
Works, 325 Prospect St., York. Pa. 

YOUNGSTOWN. OHIO 3rd Thvuo. 

CHAIRMAN—Arthur W. Waldo, Youngstown 
Welding & Bng. Co.. 3700 Oakland Ave.. 
Youngstown, Ohio 

SRCRSTARY—H. ROSS STROBRCKBX, YouDgS- 
town Welding ft Bng. Co., Youngstown. 
Ohio 
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Design for resistance welding 


No. 2 of a Series of Bulletins on Preferred Designs for Resistance Welding Assemblies 



POOR 

Seam w^dln? heads to deep sh^ls with 
flange inside requires deep throat ma> 
chine with high capacity. Work set-up 
and handling is dilflcult. 


OOOD 

With flange turned outside, machine cj 
TiiiniiwMTn throat depth aind capacity can 
be used. Operation is easier and iaster. 


$500 to be ewerded 

ioc the beet todudenl pnpsr ea 

0ES1ON FOR 
RESISTANCE WELDING 

A cash prise oi $500 will be awarded ior the 
best paper emanating from an industrial 
source, consulting engineer, goremment 
laboratory, or the like, in which a major 
portion ca the subject matter is concerned 
with design for resistance welding. This 
includes design of component parts to 
accomplish maximum economy and welding 
quality, and also details of procedure, work 
preparation, work handling, etc. 

Other cash prises are offered for papers on 
resistance welding applications and re> 
search. Write to Resistance Welder Manu¬ 
facturers' Association for compiete infmna- 
tion. 


Simplifying the operation lowers the 
cost of seam welding 

T he preferred design shown above resulta in cost savings which 
are impressive, especially in the case of deep shells with small 
diameter beads. For example, assume a tank 30' long by 8' in diameter, 
made of 16-gauge SA£ 1010 steel. The first design would require a 
machine with a deep throdt and a high transformer capacity. For weld¬ 
ing the preferred design, a machine of about half the transformer 
capacity and with minimum throat depth can be used, with a 15 per cent 
saving in the welding machine cost. 


With the recommended procedure, up to 25 p>er cent better produc¬ 
tion is possible, and the demand charge will be lower. It is possiHe to 
use a double knurl drive with the preferred design, which results in 
longer wheel life, less maintenance cost and less down-time. Also, thia 
design permits seam welding heads in both ends. 


This case is typical of production improvements and economies which 
can be accomplished by designing parts to simplify the welding opera¬ 
tion. Advice on parts design to improve your product and reduce your 
costs can be obtained from members of the Resistance Welder Manu¬ 
facturers' Association. Write to them concerning your resistance 
welding applications and problems. 


RESISTANCE WELDER MANDFACTDRERS’ ASSOCIATION 

505 Arch Street • Philadelphia 6, Pa. 



MENDERS OF RWMA 

Aoim Kwotrlo W«lil«r Coapcay 
Lm Aiig«lM 11, Ccltfonia 
Slain Ingln—ftng CoupaitT 
Newark, N«w 

Bxpwt Waldlag Company 

Datroit, uiahtg.M 

Tba Fodotal tiachliw S WokUr Company 
Wanon, Ohio 

MnlU-HydrMnalio Walding S Mfg Co. 
Dotoolt, Mioklgan 

National Doolrlo Waldtng Maoklnaa Co. 

Bay CUy, Mlohlgan 
PngroMivo Waldor Company 
Doliolt 12, Miohigan 
Soiaky Brotkon 

Chicago 38, nUani. 

Swift Bloctrlo Waldor Company 
Datialt 10, Michigan 
Taylor-Hall Waldlng Corporation 
Woroootar 3, Maiiaohniatli 
Tha Taylor-WlnSald Corporation 
Warran, Ohio 

Thotnaon-Gibb Elactzlo Waldtng Co. 

Lynn, Mamohuaatti 
Waldtng Maobinaa Mannfaotnrlng Co. 
Dateolt, leohlgan 


THE ALLOY GROUP 

EUctroloy Company, Inoorporatad 
Brld^poit, Connacticut 
P. R. Mallory A Company, Inoorporatad 
Indtanapolia, Indiana 
3-M-S Corporation 

Dotrott 11, Michigan 
Waldtng Salaa d Eaglnaaring Company 
Datioll, Michigan 
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For many years, metallurgists 
have recommended chrome-moly 
steels for high temperature and 
mild corrosion resistance work. 

Their recommendations have 
generally pointed to the 4-6% 
chrome V^% moly composition. 
Fabricating and design engineers, 
however, have requested proper¬ 
ties of metals that would give 
greater strength and greater corro¬ 
sion resistance combined with 
high creep resistance. Arcos 
Chromend 9M is developed to 
meet the welding requirements 
of this grade. 


UCK eMPOUTIM • 409 R. IROU ST., PMJL I, M. 


Your Arcos DiMrlbutor fcnotvs the Answers. Your Arcos Distributor has Siocfc. 


■stM ■MKIfULenltlanaWrldlnt Suppir Co. 

Mnsr. ftsso.HsK tTMluilrl,l Suppl, Co. 

■ m ill. Msw.■. •okor * Co., loe. 

MiatO, H. T.Root. N«sl * Co. 

Chtcaeo. lit..Msehlnoty A W.ldtr Corp. 

ClneliHiMI. OHIO..wlillanu • Co., tne. 

ClOYtlane, onio.Wmiania • Co.. iBC. 

C ss—k ua . OHIO.wmiasia A Co.. Ine. 

DOMI. aticklsan. . . .C. E. Phuipa A Co.. Ine. 


■ria, Reims.Bord Wridinc Co. 

Oreaoo, Callt.Victor Equipment Co. 

Rl. warm. lne..Wa}-na Weldins Sup. Co,. Inc. 
Honolulu. Mawall. .Hawaiian Oaa Producta. Lid. 
MonaloHi Teitaa.. .Champion Rleet Co. of Tauaa 
Kanaaa cltj, Mo..Waldara Suppir A Repair Co. 

Rlneapoft, Tenn.Slip-Hot Beilins Corp. 

Lao Aftfelea. callt..VIclor Equipment Co. 

Milwauhee. wit.Haehlnery A Welder Corp. 


ktollna, til.Mecninrry A Welder Corp. 

MontrealiCaneea.O.P.PeleraACo.ofCaneda.Ltd. 
New Orleana is, U,. .Cult Weldins Equip. Co. 

New verti. N. T.H. Boker A Co., Inc. 

Ohlanema Cltp, Oklo. .Hart Induaulal Suppi, Co. 

Paaipa, Tauaa.Hart Induatrlal Suppi, Co. 

Pltt Uiius ti. Pa.. A Co., Inc. 

Pcriland. Ora.J. E, Haielllne A Co. 

Rochealer, N. V.Waldlnf Suppir Co. 


Son Oleso. Callt... .Victor Equiwncnl Co. 

•an Praneitca, Cslll.Victor Bqulpnmt 

•cattle. Waah.S. E. Kaaeltlne A 

•oekane. Waah.«. B. HaaeUlne A 

St. Loulf, MO.Machinery A Welder C 

•yrecuae. N. V.. .Weldins Supply 

Tula#. Oklahoma.. .Hart Induatrlal 

WIetilla. Kanwt.Walhina. Xne. 
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Here's tiowte be sure 

you’ll select the right HOBART 

Arc Welder to do each and every one of the arc 
welding jobs better In your post-war enterprises 



Hobart ffeetric Drive Porfobfe 

Most populor for average shop welding 
where electric power is available. Size 
for production, mointenonce. repoir and 
general shop welding-should be governed 
by size of electrode, thickness of metol 
and speed required for maiority of work. 



Hobart Oas tngtne Drive Stationary 


Most popular where electnc power is not 
availoble ond portability isn't essential. 
Used extensively on long term construction 
jobs. Can also be used to form the nucleus 
of o mobile machine shop like these of .the 
U. S. Anny as noted in technical papers. 


Hobart 60 s Engine Driven Portable 



Most popular where electric power is not 
avoilable ond portability is essentioL A 
“must” for oil types of construction work 
such as bridge building, building construc¬ 
tion. pipe line welding, shipbuilding, rail¬ 
road welding ond general maintenance. 



Hobart Belted • for building your own 

Most popular where work does net iustify 
investment in a complete, factory-built 
portoble welding outfit You can still have 
one of which you will be proud—by sim¬ 
ply connecting a Hobart Generator to a 
good. used, reconditioned auto engine. 




A Better Rod for Every Purpose 

Kobarf l<ibora1ori*s maks rods lor 
•och apocihc job. tl ts im* 

psovod — p«'rf«ct«d — ord«r Hoborl 
Elgcltedos and you'll undor- 
sloftd why thty'r* choict 


SOY!NS 




Hobart “U-DrIve-tt" Welder 


Many customers require welders designed 
for special purposes such as this tractor 
type welder originally designed for use 
in the yards of a great railway system. 
II you hove a post-war application thot 
requires specially designed welding 
equipment, we welcome your inquiries. 


Hobart A. C. Transformer Typo 

Most populor for shops that have only 
single phase 220 volt power supply avail¬ 
able and want improved alternoting cur¬ 
rent welding performance. Can be easily 
moved from one }ob to another. 

HOBART BROTHERS CO., BOX WJ-55 
TROY, OHIO. “One of ffie World’s 
Largesf Builders of Arc Welders” 

-----“---"■"••“-I 

I 
I 
I 
I 


FREE 




Nome 


firm 


welders 

^ ''Praetieal Design for Are Welding,” o remarkoble 
[ I book that shows you many ways to redesign your 
product for fabrication by low cost welding. $3.50 


"Vest PorRet Are Welder's Guide,” contains tables, 
charts, and other valuable welding information. 
Check this coupon and mail to ... 

HOBART BROTHERS CO., BOX WJ-SS TROY. OHIO 

Position 


Address 
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All-Welded Composite Steel Beam and 
Concrete Slab Bridges* 

By Glenn L. Enke^ 


Introduction 

M odern bridge design demands strict adherence 
on the part of the designer to the economical 
use of materials. This basic principle has as¬ 
sumed greater importance in recent years with sharply in¬ 
creased labor costs and ever-increasing demands for high¬ 
way facilities. 

Economical use of material may be interpreted as 
“complete” or “entire” use. This is accomplished-by 
arranging all elements of a structure into an integr^ 
stress resisting unit. Current examples of successful de¬ 
sign in this respect include an airplane wing, a “stream¬ 
liner” railroad car, and a glued plywood box girder. 
Each of these use their exterior walls or “shells” as major 
stress resisting elements. Economical use of mateiW 
also implies “least total cost” of labor and materials, and 
is achieved through simple construction details, repeated 
often. The all-welded composite steel beam and con¬ 
crete slab bridge meets these requirements for economical 
use of materials. 

Economical bridge design produces a least combined 
cost of bridge superstructure and substructtne to satisfy 
given live load specifications; subject to under clear¬ 
ance requirements for waterway area, flood debris, navi¬ 
gation or, in the case of a grade separation structure, 
highway or railway traffic clearances. Bridge super¬ 
structure costs vary with span length to a considerably 
greater extent than do substructure costs, and for most 
bridge locations represent a major portion of the total 
cost. Since a short span will therefore produce an eco¬ 
nomical bridge, and span lengths in most bridges are dic¬ 
tated solely by economy, a span range of 20 to 100 feet 
will cover nearly all bridge construction. 

Individually, short-span bridges attract little attention 
from engineers at large. On occasion, it is necessary to 
construct a bridge of major proportions across an impor¬ 
tant water way. Considerable attention is focused upon 
this t 3 q)e of structure because of its size; yet, in terms of 
financial expenditure per year, the small bridge of short- 
span length deserves real attention. Approximately 30 
million dollars was spent in the United States by various 
state and municipal agencies in the two-year period 
covering 1940 and 1941, on bridges with spans of 40 to 80 
ft. As very few individual bridge projects exceed this 
expenditure but require considerably more than two 
years to construct, the small bridge of short span deserves 
considerably more attention and thought than it now 
receives. 

* Abstracted from one of the Prize Pepers presented to the Lincoln Arc 
Welding Foundation. 

t Design Engineer, Morrison-Knudsen Co., Inc.. General Contractors, Boise, 
Idaho. 


A 19% reduction in expenditure for bridges in the 40- 
to 80-ft. span range is worth approximately $2,800,000.00 
annually. This papCT will show that* an ^-welded com¬ 
posite steel beam and concrete slab bridge in the 60-ft. 
span range will save nearly 19% of the cost of the ordi¬ 
nary type of steel beam and concrete slab bridge, which 
does not utilize the concrete slab to resist stress. 

It will also show that an all-riveted design can hardly 
justify the use of the slab in a composite girder section, as 
the high cost of providing a riveted shear key between 
slab and girder absorbs all but 3% of the saving. 

It will show that the composite steel bedm and concrete 
slab design is 10% more economical than an all-reinforced 
concrete design in the 60-ft. span range, whereas the ordi¬ 
nary riveted type of steel beam and concrete slab 
design costs 10% more than the reinforced concrete de¬ 
sign in this span range. Prior to the use of composite 
steel and concrete slab designs, it was more economical to 
use reinforced concrete up to spans of 60 to 80 ft.; the 
variation in this length being determined by the relative 
prices for structural steel, reinforcing steel, and concrete 
in any one locality. Use of all-welded composite steel 
beam and concrete slab bridges will reduce this minimum 
economic span range to 40 ft. or less. 

While this paper is primarily designed to show ad¬ 
vantages of welding in structural steel bridge construc¬ 
tion, there are other less tangible but important considera¬ 
tions that favor the use of structural steel in bridge con¬ 
struction over reinforced concrete. 

Plastic flow of reinforced concrete subjected to high 
compressive stress produces an appreciable amount of 
deformation over a period of years. In shallow members 
subjected to dead load bending stresses, the continuous 
effect of this deformation results in noticeable deflections. 
A bridge constructed with reinforced concrete members 
spanning longitudinally (either flat slab or tee-beam de¬ 
sign) wiU, in time, develop appreciable sags in each span 
between piers and produce a wavy deck surface with ob¬ 
jectionable riding characteristics. This problem is not 
easily solved in concrete design because the total deforma¬ 
tion is not limited, being, in general, proportional to time 
and unit stress and inversely proportional to bending 
stiffness. Short spans and deep members appear to pro¬ 
vide the only practical cure, as the total amount of de¬ 
formation accumulated is then within the limits of usual 
construction accuracy and apparent deck smoothness to 
the user. 

Shallow slab span designs in the 20- to 30-ft. span range 
have suffered from this phenomenon, beginning their 
useful life slightly crowned, and ending it with a center 
span sag too great for riding comfort and safety. The 
only reasonable cure at this stage is an asphalt topping 
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Fig. 2—Oildale Bridge—Side View 


which increases dead load, and decreases usable live load 
capacity. 

Structural steel bridges with longitudinal girders sup¬ 
porting concrete deck slabs with transverse reinforcing 
overcome all of the ill effects of plastic flow. As the 
modulus of elasticity for structural steel, at 29,000,000 
to 30,000,000 psi., is controlled much more accurately 
than concrete, which ranges between 3,000,000 and 
6,000,000 psi., deck deflections in a longitudinal direction 
are accurately allowed for and maintained, as structural 
steel is not subject to time deformation, that is, plastic 
flow. 

The transverse span concrete deck undergoes plastic 
flow, of course, but in a direction normal to traffic, pro¬ 
ducing uniform deformations along any one wheel line 
or traffic lane throughout the entire length of bridge. 
To successfully achieve this effect, cross diaphragms must 
not be in contact with the concrete deck because uniform 
deflections and good riding occur only with uniform stiff¬ 
ness of deck in the transverse direction. As smooth 
riding and good alignment are the only factors of interest 
to the average highway user, this feature of all-welded 
steel composite bridges deserves major consideration. 

History 

Two all-welded highway bridges, Kern River Bridge at 
Oildale, near Bakersfield, Calif., and San Juan Creek 
Bridge near Paso Robles, Calif., featuring use of the con¬ 
crete roadway slab as an integral part of the steel girder 
section, were designed by the writer while with the Cali¬ 
fornia Bridge Dept, and constructed by California Divi¬ 
sion of Highways in 1941. These bridges, referred to 
hereinafter as Ofldale Bridge and San Juan Creek Bridge, 
were designed and constructed to conform to American 


Welding Society Specifications, which, however, were 
not at that time and are not now recognized by the 
American Association of State Highway officials for main 
stress carrying members. 

The A.A.S.H.O. viewpoint on welding is stated in their 
1941 Specifications as follows: 

“Welding is not permissible in main members or their 
connections where the failure of the weld would endanger 
the stability of the structure.” 

Briefly, this viewpoint says: “Welding is not reliable." 
The writer firmly believes the reverse to be true, assum¬ 
ing intelligent designing for welding, and carefully 
planned shop and field welding procedures. 

As these two bridges did not lie on Federal Aid High¬ 
way routes, it was possible to construct them without 
adherence to the welding restrictions set forth in the 
A.A.S.H.O. Specifications. 

By coincidence, Oildale Bridge was adjacent to, but on 
a different highway route than another bridge in Bakers¬ 
field, two mUes away, across the same Kem River, re¬ 
ferred to hereinafter as Bakersfield Bridge. Both bridges 
were advertised for bids within a three months’ period. 
Bakersfield Bridge is on a Federal Aid Highway route, 
however, and could riot employ welding for main mem¬ 
bers. 

The concrete slab on Bakersfield Bridge was not al¬ 
lowed by U. S. Bureau of Public Roads for composite 
action to resist dead load, as welded shear keys were used. 
The Bureau did, however, permit its consideration for 
live load only in view of the relative improbability of 
maximum live loads ever being on the structure. 

It is therefore possible to show comparative costs of the 
all-welded design with full composite action of concrete 
slab versus a similar riveted design with a limited amount 
of Tffelding on secondary members, and relatively little 
use of the slab in composite action. 

Typical details of Oildale Bridge are reproduced herein, 
together with detailed estimates of welding cost, and 
probable riveting cost if riveting had been used. Oildale 
Bridge did not conform in all respects to the plans, how¬ 
ever, in constructing the girder field splices. The con¬ 
tractor elected to mill the 61-ft.-span rolled girder beams 
to exact length, to obtain an Vrin. fieldwelding clearance, 
rather than using the filler bar arrangement shown on the 
plans. Difficulties arose due to joints not matching up 
to give a uniform V»-in. clearance. Further difficulties 
appeared during erection, as fabricated lengths did not 
exactly match pier locations. It was agreed on the job 



Fig. 3*—Sem Ju 2 ui Creek Bridge—Side View 
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that the filler bar arrangement as called for pn the plans, 
which provided for field adjustment was preferable to the 
one used. 

San Juan Creek Bridge construction conformed to the 
plans, but was rather poorly fabricated. One noticeably 
bad shop error occurred in scarfing the bottom flanges 
of the rolled girder beams from under side, instead of top 
side, which required all overhead welding on the bottom 
flange splices instead of downhand flat welding as had • 
been planned. 


Details of Design 


Rolled steel beam and riveted steel plate girder spans 
represent one of the earliest modern types of bridges. 
Scientific development of design and construction of 
reinforced concrete to its present high standard of quality 
has led to the use of a concrete deck slab supported upon 
longitudinal steel beams or girders. This highway 
bridge type is the most successful one ever developed, for 
reasons noted earlier in this paper,' as “time” d^ection 
of the concrete slab' due to plastic flow produces trans¬ 
verse deformation only and does not affect the surface 
riding qualities of the bridge. 

Very few bridges of this type, however, have used the 
concrete slab as a top flange. This has been due, among 
other reasons, to the difficulty in providing a good riveted 
shear key to resist horizontal shearing stresses between 
the top girder flange and the concrete slab. To ignore 
this stress is to assiune that each girder will deflect under 
load without restraint, the top girder flange will shorten, 
and the roadway slab, not being subjected to stress and 
therefore unchanged in length, will slip along the top 


Fig. 6—Oildale Bridge—Progress View 
Note- falsework bents to eliminate dead load stress from the 
girders until concrete deck is poured. 
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2. Shear Keys 


Fig. 4—Oildale Bridge—Underside Details 
Note clean appearance of girder and absence of brackets to 
support slab. 


A riveted shear key on a rolled beam requires the drill¬ 
ing of holes in an otherwise blank top flange. (All of 
the deeper wide flange beam sections have a flange too 
thick to punch.) 

An angle shear key is probably the only satisfactory 
type using rivets, but it requires a horizontal leg of suf¬ 
ficient length to accommodate a line of rivets. The ver¬ 
tical angle leg, however, is the only useful part of the key 
as the vertical area in contact with the concrete times 
the permissible unit bearing stress against concrete in a 


1 . Composite Girders 

Welding offers large economies in the design of com¬ 
posite steel beam and concrete slab bridges, in which the 
concrete slab is used as the top flange of a “tee” girder 
section. ^ 


Fig. 5—Oildale Bridge—Steel Superstructure 
Note absence of transverse slab support, insuring uniformly 
smooth concrete riding surface. 

flange of the steel beam. Actual residts show an un¬ 
determined amount of friction. Because it is undeter¬ 
mined, two bad effects result: 

1. The ability of the slab to resist stress is neglected, 
resulting in the use of an excessive amount of steel in the 
girder. 

2. Dead load deflections cannot be accurately deter¬ 
mined. This frequently results in undesirable riding 
qualities of the finished bridge deck, when an estimated 
(rather, an assumed) deflection fails to materialize, or is 
excessive. A positive shear connection permits an accu¬ 
rate determination of deflection of the composite sec¬ 
tion, subject only to the usual variation in modulus of 
elasticity of the concrete. 

Welding is ideal to overcome this condition as it per¬ 
mits practically any type of shear key to be economically 
connected to the flange using fillet welds of proper length 
and size to develop the horizontal shearing stresses. 
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confined area determines the shear value of the key. As 
this vertical leg is subjected to heavy bending stress a 
fairly thick leg is necessary to permit any reasonable 
height of angle. As the horizontal leg must be equally 
thick and of sufficient width to accommodate rivets, 50% 
or more of the angle weight is wasted in engaging rivets 
rather than in resisting shear. 

Zee shapes have been used for this purpose but are 
difficult to obtain due to infrequent rolling schedules and 
require even more metal. They do serve to lock the slab 
down to the beam, which, however, is an advantage more 
apparent than real, because bending stresses in a beam 
do not cause vertical separation of beam elements. 

A welded shear key comparable to a riveted angle is a 
single bar of proportionate height and thickness welded 
to the flange. No metal is wasted; all of the key is used 
to resist shear. A welded key therefore weighs 50% or 
less than a riveted key of equal shear value. 

From a practical standpoint further economies appear. 
Rivets in an angle must be arranged symmetrically in 
pairs using not less than two rivets to secure equal load¬ 
ing. This means that the shear key value changes by 
increments of 12,000 lb. or 16,000 lb. or Vrin. 

rivets). Welded shear keys may be proportioned to any 
shear key value, using a size and length of fillet weld to 
meet exact requirements. 

Considerable waste is therefore present in the riveted 
arrangement, as it is unusual when equal strengths will 
result in both rivets and angles; further, angle widths 
in the desired range vary by V»-i«- units, whereas flat 
bars for welding may be obtained from stock in ‘A-in- 
increments. Extreme flexibility in design is therefore 
obtainable with the welded key in addition to the initial 
weight saving of 50% or more. 

3. Girder Splices 

A butt-welded field girder splice is used with the follow¬ 
ing essential characteristics: 

(a) A nominal 2-in. field clearance between ends of 
girders is provided for erection purposes. 

{b) Ends of beams are square cut (either hot sheared 
at the mill or flame cut in-the fabricating shop). 

(c) Flanges and webs are flame scarfed for welding. 
Flanges are scarfed from the top only with single vee to 
permit downhand welding. Webs are scarfed from both 
sides for a double-vee weld. 

id) Filler bars of proper width are selected in the field 


after girder erection inserted into the opening, and field 
welded to each end of each girder. 

Allowable stresses on this type of joint are 85% of the 
full section in conformance with American Welding. 
Society Specifications because of the single-vee flange 
weld. This is ample, however, as the splice is always 
located near the 0.25 point in the span where maximum 
positive or negative moments for dead plus live load 
rarely exceed 40% of the beam strength. The advan¬ 
tage of downhand welding is considerable, as overhead 
welding from staging hung on the beam is difficiflt and 
expensive. A final overhead pass is necessary on the 
flanges after cleaning out the root of thfe first downhand 
pass. 

The nominal 2-in. field clearance requires filler bars 
iVrin. wide, and of thicknesses equal to beam flange 
and web thicknesses for proper butt welding of the 
splice. As the nominal 2'in. clearance may vary consid¬ 
erably, due to mill cutting tolerances if hot sheared, and 
temperature at time of erection, stock lengths of bars in 
widths varying by V 4 in. are made available to the job, 
thus insuring a field welding clearance on each side of the 
filler bars of not greater than V» in. These bars are 
readily flame cut to length in the field. In the event a 
tapered filler bar becomes necessary due to vertical curve, 
camber or inaccurate beam cutting, a suitable bar can 
be flame cut to proper shape at the job with trouble. 

For greatest economy composite beam and girder 
spans should be supported at their third points with tem¬ 
porary bents until the slab has been poured, as it permits 
the composite section to resist full dead load as well as 
live load. It also furnishes false work for steel erection 
which, while not essential, is very desirable and affords 
opportunity to jack the beam into exact position at the 
splice and requires a bare minimum of splicing material 
for fitting up purposes. 

In the two completed structures described herein, two 
small splice plates fastened on one side of the web, with 
two bolts in each plate were sufficient to rigidly hold the 
splice in position for field welding. These were removed 
as soon as tack welding of the filler bars was completed. 

Specifications and drawings covering girder splice con¬ 
struction required the use of step welding, with total 
amount of weld kept symmetrical about both axes of the 
beam. The welding schedule for field splices provided 
for welding of all sphces in any one span; from this span 
in both directions toward a deck expansion joint. 



Fig. 7—Oildale Bridge— All-welded Tubular Handrail emd Guardrail 
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Fig. 8—Oildale Bridge—Expansioa Joint Details 


Temperature and shrinkage stresses in the splice during 
the welding process were largely eliminated by providing 
a temporary sliding connection on each pier. This pro¬ 
cedure reduced shrinkage stresses due to welding to a 
minimum and assured an accurate control of temperature 
stresses in.the finished structure. Girders were welded 
down to the piers, only after all splices were welded, 
concrete decks poured, and at an average air temperature 
for the region. 

4. Pier Bearings 

The pier bearing is a compact welded plate assembly 
using a 2V»-in. wide rocker bar resting upon a base plate. 
The edges of the rocker are chamfered to prevent exces¬ 
sive edge stresses when beam rotation occurs due to 
deflection. 

This construction is much less costly than machining 
the rocker bar to a large radius, but serves the same 
purpose in a prkctical way, as the angular deflections at 
this joint due to live load and temperature are extremely 
small. Small keeper bars prevent lateral and Ibngitudi- 
nal slippage and effectively transmit temperature and 
earthquake stresses to the pier, yet do not interfere with 
the hinging action of the joint for rotation. 

The pier assembly for each girder is field welded to a 
small beam set flush into the top of the concrete pier. 
This beam contains less steel, is more rigid than a base 
plate, requires no anchor bolts, and is installed during 
concreting operations on the pier. 

The ab^nce of anchor bolts in the welded assembly is 
particularly helpful during construction, as a slight mis¬ 
alignment in any direction is of no consequence. The 
bearing beams must be held to proper grade, which, how¬ 
ever, is not diflScult, as the beams bolt through the top 
flange to cross struts directly to the pier forms. 

A similar bearing assembly design in riveting would in¬ 
volve expensive countersinking of rivets and in general 


produce a weak joint. For this reason, other types of 
bearings, such as a steel pin between two steel castings, 
have been more satisfactory than a riveted bearing. 
The total cost of this welded faring plate assembly is ap¬ 
proximately 20% of a cast-steel assembly and is distinctiy 
more compact and better appearing. 

5. Cross Diaphragms 

Intermediate cross diaphragms between longitudinal 
girders in a bridge serve two purposes: 

1. Distribution of live loads between girders when live 
load is applied eccentrically to the bridge in the central 
portion of the span. This eccentricity results in unequal 
girder deflections, and creates severe shearing and bend¬ 
ing stresses in the intermediate diaphragms. 

2. Provides rigid edge support to the roadway slab 
at slab expansion joints. A rigid diaphragm is very 
important at these locations, as the passage of live load 
across an open slab joint causes high impact and a rough 
riding surface unless both edges of the slab are at the 
same elevation and rigidly supported. 

The all-welded diaphragm used in this design is shop 
fabricated from a 14-in. WF at 30 lb. and two gusset 
plates, one at each end, butt welded against the beam 
flange, parallel to and in line with the beam web. 

The intermediate diaphragms are erected with the 
14-in. beam supported upon the bottom flange of the 
girders with gusset plates lap welded against stiffener 
plates on the girder webs. Two erection bolts are 
used to hold the diaphragm in position for field welding. 
Weld positions are arranged to eliminate overhead 
welding. The roadway slab does not rest upon these dia¬ 
phragms, as it is important that intermediate transverse 
slab supports be eliminated in the interests of a good 
riding surface, for reasons described earlier in this paper. 

End diaphragms at expansion hinges are identical to 
the intermediate diaphragms, but lap under the girder top 
flanges, with gusset plates underneath. The roadway 
slab is supported upon these diaphragms as noted above. 

The diaphragm design described herein, and shown in 
the accompanying illustrations has proven very satis¬ 
factory in the finished structures. The decks are notice¬ 
ably more rigid than similar riveted structures under pas¬ 
sage of live load in spite- of the high ratio of length to 
span depth and show a marked reduction in vibration 
due to live load impact. While the rigidity is accom- 



Fig. 9—Oildale Bridge—Girder Bearing Details 
Note simfjlicity of construction. This bearing transmits lateral, 
longitudinal and Tertical forces, while functioning as a longitudinal 
rocker. 
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pushed principally by making full use of the slab with 
a good type of welded shear key, the all-welded dia¬ 
phragms play their part in reducing the impact vibration 
that is noticeable to a marked degree in an all-riveted 
span. 

6. Girder Expansion Joints 

Girder expansion joints, necessary to relieve tempera¬ 
ture stresses, are located near the quarter point of a span 
to avoid disrupting the continuous girder arrangement. 
Distances between joints are dependent upon the flexi- 
biUty of the concrete piers supporting the girdere, which, 
in the two structures described, were made as slender as 
practicable and attached with a hinged connection, de¬ 
scribed earlier in the paper, to each girder. 

In one of the structures described, pier heights were 
sufficient to permit a distance between expansion joints 
of 390 ft. This distance creates a total change in leng^ 
of 3 in. over a 100° temperature range, requiring a norr^ 
joint opening of iVi + 1-in. clearance, or 2Vi in. 

Two tension hanger plates, susj)ended from a steel pin 
through the cantilever side of tne expansion joint, sup¬ 
port the span on the other side of the joint by a similar 
pin. These pins extend through the girder webs which 
were reinforced with pin plates for bearing against each 
pin. 

The pin plates are welded to the girder webs prior to 
boring the pinholes. As welding produces a rigid con¬ 
nection, in contrast to the considerable slippage necessary 
to cause a riveted joint to act, welded pin plates are defi¬ 
nitely more satisfactory than riveted for this purpose. 

Lateral motion of the span beyond the expansion hinge, 
due to wind or seismic forces, is prevented by two small 
guide bars, welded on one side of the joint to girder flange, 
and bearing against guide bars on the other flange. This 
detail is readily put together and field welded after the 
girders are assembled and adjusted to line and grade. 

General Data 

Struciure: 

San Juan 

Name of bridge Oildale Creek Bakersfield 

Total length 1374 ft. 260 ft. 630 ft. 

Total width 35 ft. 6 in. 30 ft. 4 in. 30 ft. 4 in. 

Typical span length 61 ft. 58 ft. 59 ft. 6 in. 

Roadway width 26 ft. 26 ft. 26 ft. 

Sidewalks 1-5 ft. None None 

Structural steel: 

(o) Total weight in 

pounds 665,850 125,650 323,000 

(5) Unit price per pound, 

fabrication $0,065 $0.07 $0.0625 

(c) Unit price per pound, 

erection $0.02 . $0.02 $0.02 

Concrete: (structure) 


Field Welding Costs: 

Vi* FUt fillet 27.5 0 285 0.05 0.04 0 021 O.lll 80 S 9 

Vii Vert, fillet 15.5 0.325 0.10 0.05 0 024 0.174 89 15 

•/« Vert, fillet 12 0.40 0.12 0.06 0.031 0.211 498 105 

»/4 Vert, butt 9 0.58 0.17 0.08 0.042 0.292 297 87 

Vi Flat butt 7.5 1.45 0.20 0.20 0.10 0.50 111 • 56 

•A Flatbutt 6 1.9 0.25 0.27 0.13 0.65 54 34 

Vi Flatbutt 4.8 2.16 0.31 0.30' 0.17 0.78 8 6 

Total cost 8 312 

Operation factor 100% 313 

Total I 625 

Equipment, overhead, profit, insurance: 100% 625 

Total field cost 11250 

Total Wbloing Cost 4280 

12% Contingencies 520 

Total 14800 

Additional Weight of Metal for Oildale Bridge if Constructed as All- 
Riveted Structure: 

Num- Total Weight, 

Location ber Unit Weight Lb. 

Girder splices 54 320 lb. (average) 17,300 

Shear keys 6700 9.64 lb. (net increase) 64,500 

Pier diaphragms 64 216 lb. (net increase) 10,000 

Intermediate 

diaphragms 96 230 lb. (net increase) 23,500 

Total Weight 115,300 

Net Increase in Cost of Riveted Over Welded Bridge at Oildale Due to 
Additional Weight of Metal: 


Additional material cost—115,300 Ib. at $0.0825 (unit bid 

price)... $9,500 

Deduct cost of welded pier—69 units X 47 lb. ea. at 

$0,085 (unit bid price). —280 

Additional cost of cast steel pier bearings—69 units X 149 

lb. ea. at $0.20 (prevailing local unit price). 2,060 


Net total increase in cost due to weight of metal. $11,280 

Shop and Field Punching, Drilling and Riveting Costs for Oildale 
Bridge if Constructed as Riveted Bridge: 

Note: Unit prices shown represent averages quoted by various 
fabricators, and include labor, materials and all overhead costs. 



Number 

Unit Price 

Total 

Punched holes 

70,000 

$0.05 

$ 3,500 

Drilled holes 

30.000 

0.25 

7,500 

Shop rivets 

32,000 

0.20 

6,400 

Field rivets 

9,250 

0.80 

7.400 

$24,800 


Note: The drilling and shop riveting required for the shear 
keys alone represent more than 50% of this total. 

Additional Cost of Furnishing, Fabricating and Erecting Oildale 
Bridge if Constructed as Riveted Bridge: 

Assume cutting, shearing and handling costs identical for both 


methods of fabrication. 

Deduct shop and field welding cost. — $ 4,800 

Add shop and field punching, drilling and riveting costs 24,800 
Add cost of additional weight of metal. 11,280 


$31,280 


(a) Total volume in cubic 

yards 2025 410 960 

• (b) Unit price per cubic 

yard, in place $18.50 $22.00 $18.00 

Total cost of bridge $169,920 $33,945 $83,220 

Unit cost per square foot $3.54 $4..30 $4.35 

Estimated Welding Costs for Oildale Bridge: 

Shop Welding Costs: 

Elec- 

Speed trode Total 

in Ft. Cons. --Unit Cost' - Lin- 


Size, 



Lb. per 


Elec¬ 



eal 

Total 

In. 

Type 

Ft. 

Labor 

trode 

Power 

Total 

Feet 

Cost 

Vu 

Flat fillet 

27.5 

0.285 

0.04 

0.03 

0.005 

0.075 

7928 

* 595 

Vi 

Flat fillet 

20 

0 .37 

0.05 

0.04 

0 007 

0 097 

917 

89 

Vi 

Flat fillet 

10 

0.70 

0.10 

0.08 

0.014 

0.194 

:104 

59 

v« 

Flat butt 

17.5 

0.36 

0.06 

0.04 

0,007 

0 107 144 

Total cost 

15 

* 758 


Operation factor 100% 757 

Total *1.515 

Equipment, overhead, profit, insurance: 100% 1515 

Total shop cost $3030 


. Conclusion 

An appreciable amount of saving in cost with use of arc 
welding is available. Two types of savings may be 
demonstrated for the all-welded composite steel and con¬ 
crete slab highway bridge over similar or competitive 
types: 

(1) Difference in cost between all-welded and all- 

riveted construction, both types making full 
use of the concrete slab as an integral part of 
the section. 

(2) Differences in cost between; 

(а) AU-welded composite type of construc¬ 

tion, 

(б) Usual riveted steel type of construction 

not utilizing the slab as an integral part 
of the section, 
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Fig. 10—Oildale Bridge—Girder Fig. 11—Oildale Bridge—Girder Splice 
Splice Fitted up Prior to Welding Completed. Erection ^ate Holes Not Yet 

Plugged 



Fig. 12—San Juan Creek Bridge—Girder Splice 
Welding in Progress 

Note stepped sequence of welding to reduce 
internal stresses. 


(c) Usual reinforced concrete tee beam and 
slab type of construction. 

Saving (1): Total cost of Oildale Bridge, an all-welded 
composite design, is: $169,920. Additional cost in ma- 
terisils, fabrication and erection if this structure were 
redesigned as an all-riveted composite design is $31,840. 
as noted under “General Data.” Total cost of the Oil- 
dale Bridge as an all-riveted structure with full composite 
slab action would then be $201,800. Probable total cost 
of this same bridge constructed in the usual manner repre¬ 
sented in the Bakersfield Bridge would be: 

$lfiQ Q9n V (unit cost of Bakersfield Bridge) 

’ $3.54 (unit cost of Oildale Bridge) 

= $208,800 

Saving in cost of the all-riveted bridge using composite 
slab action over one emptoying the usual type of con¬ 
struction is: 

$208,800 — $201,800 = $7,000 or approximately 3% 

Saving in cost of the all-welded bridge using composite 
slab action over one employing the usual type of con¬ 
struction is: 

$208,800 - $169,900 = $38,900 or nearly 19% 

The cost advantage of welding over riveting, induding 
the benefits of composite slab action, is readily apparent. 

Saving (2): Unit square foot cost of Oildale Bridge, an 
all-welded continuous composite steel and concrete de¬ 
sign, is $3.54, as noted under “General Data.” Unit 
square foot cost of Bakersfield Bridge, an ordinary 
riveted type of continuous steel beam and concrete slab. 
design, not completely using the concrete decK slab to 
resist bending stresses, but similar in all other respects to 
Oildale Bridge, is $4.35. Unit square foot cost of a typi¬ 
cal reinforced concrete tee beam bridge, of continuous 


type and similar in all respwts to Oildale Bridge, is 
^.94, determined from actu^ designs and costs prepared 
by the, writer’s bridge design class in 1940 and 1941, 
given in evening school at Sacramento, California, and 
attended by members of various organizations engaged 
in bridge and building construction. 

Relative costs of Oildale Bridge and Bakersfield 
^3 54 

Bridge are: = 81.5%, or a saving of nearly 19% in 


favor of the all-welded composite design. 


Relative costs of Oildale Bridge and a reinforced 

concrete bridge are: = 90%, or a saving of 10% 

in favor of the all-welded composite design. 

Relative costs of Bakersfield Bridge and a reinforced 
$4 35 

concrete bridge are: = 110%, or a saving of ap¬ 


proximately 10% in favor of the reinforced concrete de¬ 
sign. 

Approximately $2,000,000 was spent by the California 
Division of Highways in the two-year period 1940 and 
1941 for construction of short-span bridges in the 40- to 
80-ft. span range. Of this amount, approximately three- 
fourths, or $1,500,000, was spent on reinforced concrete 
bridges. The use of all-welded composite steel and con¬ 
crete for all of the structures in the reinforced concrete 
group would have produced a saving of 10% of $1,500,- 
000, or an annual saving of $75,000. This same type of 
construction substituted for the riveted steel design with¬ 
out composite action would have saved 19% of $500,000, 
or an annual saving of $48,000. A total annual saving 
to this Division of $133,000 is therefore possible. 

Written inquiries sent to all of the State Highway or¬ 
ganizations in the United States, and to selected munici¬ 
palities that had an appreciable amount of bridge 
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construction, revealed the fact that approximately 
$30,000,000 was spent during the period 1940 and 1941 
on bridges of all types in the 40- to 80-ft.-span range. 
Construction seemed fairly equally divided between rein¬ 
forced concrete and structural steel bridge types, and for 
purposes of this analysis may be taken as 50% for each 
type. 

A more favorable price relationship with concrete con¬ 
struction for structural steel exists throughout the coun¬ 
try at large than exists in California, which accounts for 
the 3 to 1 ratio in favor of reinforced concrete in this state. 
Steel mill construction at Provo, Utah, and Fontana, 
Calif., should alter this situation and make all-welded 
steel construction even more competitive in the western 
states after the war. 

Total annual savings possible, therefore, throughout 
the United States by ^e adoption of the all-welded com¬ 
posite steel beam and concrete slab bridge in the short- 


span range of 40 to 80 ft. would amount to 19% of $15,- 
000,000 plus 10% of $15,000,000, or a total of $2,200,000. 

Detailed descriptions appear in other portions of this 
paper describing the increased structural rigidity and 
better riding qualities of the bridge deck achieved 
through the use of all-welded composite steel beam and 
concrete construction. These advantages are not de¬ 
finable in terms of cost, yet contribute measmably to a 
more satisfactory bridge structure from the highway 
user’s standpoint. Further, the service life of an all- 
welded bridge with composite slab construction is defi¬ 
nitely greater than other structural steel types, due to the 
increased structural rigidity. Unfortunately, the two 
structures described herein have not been in operation 
for a long enough period of time to determine their 
maintenance costs. The writer feels, however, that they 
will fully justify his expectations for long and continuous 
service. 


How to Make Cutting Machine 

Templets 

By Rudolph Chelborg* 


A HIGH degree of accuracy is easily obtained in 
parts shape-cut by the use of templets. How¬ 
ever, the operator must understand the few 
simple principles of preparing the templets for use. 
Careful workmanship is important because any inaccu¬ 
racy in the templet will be imparted through the cutting 
blowpipe to the shape being cut. 

Templet Base Material 

The base to which strip templets are fastened may be of 
steel, brass, or aluminum sheet, Masonite board, or ply- 



Fig. 1—Thete Are the Special Tools Required lor Making 
Aluminum Strip Templets 

* Development Engineer, The Linde Air Products Co., Newark, N. J. 



Fig. 2—In Laying Out the Templet lor a HOLE the Layout Line 
Should Be Drawn Similar in Shape to the Actual Hole Desired, 
but Smaller at All Points by an Amount Equal to the SUM of 
One-Hall the Templet Strip Width and One-Hall the Kerl 
Width. Templet Strip Width Is */> sad, in This Example, 
Kerl Width is */» In., Cut mth a No. 6 Noxsle. Hence, the 
Layout Line is “/« la- Smaller Than the Actu^ Sixe of Hole 
Desired 

wood. Steel sheet is preferred as a base for those templet 
strip materials that can be attached by riveting. Stand¬ 
ard templet rivets are tubular and are suppUed in the 
proper length for use with Vs-in. thick base material 
and standard aluminum strip material, which is Vt in. 
wide by Vi# *n. high. With base material thinner than 
Va in., it will be necessary to file off some of the rivet so 
that it will not interfere with the cutting machine drive 
unit, while with material thicker than Vs *n. it will be 
necessary to countersink the rivet hole. 

Base material less than Vis in. thick is not recom¬ 
mended as it bends too easily during handling. On 
templets having base material Vs in. or less in thickness, 
particularly large ones, the necessary stiffness may be 
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'/4 RADtUS V//// 
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LAYOUT LtNB 



/ OlMEN SION OF SHAPE 

r^. 3—In Laying Out the Templet for a SHAPE, the Layout 
Line Is Drawn Similar in Shape to the Actual Shape D esired , 
but Smaller at All Points by an Amount Equal to the DIFFER* 
ENCE Between'One-Half the Templet Strip Width and One- 
Half the Kerf Width. As in Fig. 2, Templet Strip and Kerf 
Widths Are In. and */n In., Respe^vely. Hence the Layout 
Line Is ^/m In. Smaller Than the Actual Sue of the Shape Desired 



Fig. 6—The Inside Edge of the Strip Should Be Formed Against 
the Layout Line 

are used: electric hand drill and No. 26 twist drill, metal 
scriber, pair of dividers, hammer, center punch, nail set, 


hacksaw, and a file for use on aluminum. 

provided by attaching light angle iron to the top surface. Kerosene or a mixture of white lead and machine oil 
The thickness of the base material should not exceed should be used to lubricate the drill when making the 
V8 in., as it would then be necessary to raise the machine holes for the rivets in the aluminum templet strip, 
track to obtain proper clearance. 



Fig. 7—A Pilot Drill Block Must Be Used When Drilling Holes 
Through the Templet so That the Hole Will Be in the Center of 
the Strip and Sqpiare with the Strip at the Base 


—For Ease in Forming the Templet, a Layout Line Is 
XiOcated and Scribed Directly on the Base Plate 


HThe folloy^ng tools, in addition to those shown in Fig. 
l^are required for lajdng out and making aluminum strip 
templets when Vs-in. steel base plate and tubular rivets 


Principles of Templet Layout 

In templet-guided shape cutting, the'center of the cut¬ 
ting nozzle follows a path that is an exact duplicate of the 



Fig. 8—Use Bending Tools to Form Sharp Curves. Insert Rivets 
Temporarily to Hold Formed Sections in Place 


ng. 5—Easy Curves Cem Be Formed by Hand with the Bottom 
of the Templet Strip Resting Sparely on the Beise Plate. The 
^ ^ Entire Tem^et Should ne Formed in One Piece 
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Fig. 9—The Flat Surfaces at the Bottom ol the Tools Should Fig. 12—Check the Width of the Strip at All Points, Using a 

Rest Squarely Against the Base Plate During the Bending Templet>Strip Gage 

Operation 


center line of the templet strip. In laying out the temp¬ 
let, therefore, the strip center line must form a path that 
is larger, for shapes, or smaller, for holes, than the size of 
part desired by an amount sufficient to allow for the 
width cf metal removed during cutting, cr kerf width. 


center line. The inside edge of the strip is then easily 
formed against this layout line so that the exact center 
of the templet strip will be directly over the templet-strip 
center line. Figures 2 and 3 illustrate these principles of 
templet layout. 



Fig. 10—The Bending Should Be Done with One Tool While 
the Other Is Held Firmly in Place 


Allowance must also be made for any stock necessary for 
subsequent finishing. 

For ease in forming the templet, a layout line is located, 
and scribed directly on the templet base plate, one-half 
the templet-strip width inside the desired templet-strip 



Fig. 13—Lightly File Any Thickened Areas. Remove Only 
Enough Metal to Permit the Gage to Pass 


Where exact dimensions are required in the finished 
shape, it is advisable to make trial cuts on material of the 
same thickness, using the same nozzle as will be used in 
the cutting operation. The width of the kerf produced 
on the trial cut is then used as a standard in laying out the 
line on the templet base. 



Fig. II—File the Two Ends of the Templet Strip Square to 
Form a Tight Butt Joint 


Fig. 14—Turn the Base Plate Over and Remove Any Burrs from 
the Drilled Holes 


THE WELDING JOURNAL 


Digitized by 


Google 


i46 










Fig. 15—Place a Piece of Metal Under Each Rivet Head and 
Expand the Rivet End with the Punch 


Since the drive trunnions or guide rollers of the tracing 
unit have a hxed center-to-center distance, it is necessary 
to round the comers of the layout line, using a ^/4-in. or 
Vie-in. minimum radius. 

Forming the Templet Strip 

For purposes of illustration, assume that a strip 
templet is to be formed to the design shown in Fig. 4 
which illustrates the layout lines for both a shape and a 
hole scribed on a base plate. The base plate should be 
placed on wood or some other suitable support for drilling. 
There should be plenty of space around the work. 

It is best to form the entire templet from one piece of 
strip. Standard strip material is usually obtained in 12- 
ft. lengths. Cut a piece of templet strip V« in. longer 
than the entire length of the layout line. Plan to have 
the joining of the two ends occur in a straight section. 
Start forming the strip near the center and work toward 
one end. 

Easy curves can be formed by hand. Make the first 
curve as shown in Figs. 5 and 6 so that the outside curve 
of the strip will line up with the layout line. Then, as 
shown in Fig. 7, drill a hole through the templet strip and 
the base plate, using a No. 26 twist drill and the pilot 
drill block. The drill should be dipped in kerosene occa¬ 
sionally or in the white lead and machine oil mixture. 
Drill two more holes in the positions shown in Fig. 8 and, 
as each hole is drilled, place a rivet temporarily in it. 

Use the bending tools to form the next curve (see Figs. 
8 and 9). The tools should be placed over the templet 
strip so that the flat surfaces at the bottom of the 
tools rest squarely against the base plate. The bending 
should be done with one tool only, while the other is held 
firmly in place. When the sharp bend has been com¬ 
pleted, drill another hole about halfway between it and 
the next one and insert a rivet in the hole. Then make 
the next sharp bend, holding the left-hand tool firmly 
in one position and using the right-hand tool to form the 
bend, as shown in Fig. 10. 

Continue in the same way to the end of the templet 
strip. Drill rivet holes and insert rivets temporarily 
every 6 in. on easy curves and straight lines, and some¬ 
what closer on sharp curves. Return to the original 
starting point and form the other half of the templet in 
the same way. 

Attaching the Templet Strip 

When the entire templet strip has been formed to the 
layout line, the ends should overlap somewhat. Care¬ 
fully mark the end of the strip and use a hacksaw to cut 


off the overlapping end, leaving' enough material for the • 
ends to be filed square to form a'^tight joint (see Fig. 11). 

If the templet is to be used with the Oxweld Type CM- 
15 Shape-Cutting Machine, use the templet-strip gage to 
check the width at all points (see Fig. 12). The strip 
may have thickened somewhat at the bends. Mark the 
points on the strip where the gage will not pass and re¬ 
move all the rivets. Lightly file the marked areas, as 
shown in Fig. 13, until the gage will pass. Do not re¬ 
move too much metal. Use a half-round file to file the 
inside of the curves. 

Lay the formed templet strip aside carefully and follow 
the same procedure to form the templet for the hole. 

Remove any burs from the drilled holes from the bot¬ 
tom of the templet strip and also of the base plate (see 
Fig. 14). With the templet strips in their original posi¬ 
tions, check them for high points and for square contact 
with the metal base. 

Insert the rivets from the underside of the base plate up 
through the templet strip. Place a flat piece of met^ 
under each head and fiimly pressing the strip against 
the plate, expand the ends of the rivets with a riveting 
. punch as shown in' Fig. 15. Be careful not to expand 
them too much. 



Recheck the templet strip for high spots and for square? 
ness with the base plate. Lightly file the tops of the 
rivets so that they do not protrude. As suggested in 
Fig. 16, mark the templet with the name or part number 
it is to be used to form, and also with the size of the nozzle 
to be used with it. 


Care of Templets 

Every effort should be exerted to conserve the templets 
now in use. They should not be left where they can be 
damaged or destroyed. They should be protected from 
dirt and weather. 

An efficient method of storing templets is to place 
them in a rack made of wood, angle iron or channel iron, 
located near the cutting machine. By cutting a hole or 
slot, in the templet base, the templets can be hung in 
orderly rows from an overhead beam in the rack. This 
method of storing templets lessens the danger of injuring 
them by handling, and makes it easy to find the.right one 
for a particular job. 

The use of worn templet strip material by turning it 
over is not recommended. Usually the removal of rivets 
will damage the strip, and’the rivet holes will be enlarged. 
The bottom of the strip (fofmerly the top surface) would 
not rest squarely on the base plate, so that the templet 
would not be true; the narrow bearing surface might 
cause the strip to bend outward at sharp curves. 
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HARD-FACING... 

To Increase Plow Share Life 

A Profitable Business for Welding Shops 


Hard-facing with durable, easily welded 
Haynes Stellite alloy materials will help you 
to increase your farm business. Plow shares 
hard-faced with Haynes Stellite rods will 


plow up to four or five times as many acres. 
Once the farmers have been shown the value 
of this hard-facing application they often 
want other parts hard-faced as well. 





These booklets will show you how to 
hard-face plow shares —“The Quick 
Easy Method of Hard-Facing Plow 
Shares with Haynes Stelute Rod” 
and “The Quick Easy Method of Hard- 
Facing Plow Shares with Haystelute 
Tube Rod.” They will be sent to you 
upon request. 



^ HEADQUARTERS FOR 
HARD-FACING WITH 

HAYNES STELLITE ALLOYS 


These free advertising aids will help 
you get hard-facing business —Adver¬ 
tising folders, signs, movie slides, and 
stereotypes of advertisements for your 
local newspaper can all be obtained 
from Haynes Stellite Company. Ask 
for them when you order Haynes 
Stelute hard-facing rods. 






Haynes Stellite Company 

Unit of Union Carbide and Carbon Corporation 
New York 17, N. Y. IMfi Kokomo, Ind. 

Chicago—Cleveland—Detroit—Houston—Los Angeles—San Francisco—^Tulsa 



HARD-FACING RODS FOR EVERY PURPOSE 


"Haynes Stellite" and "Haystcllite" are registered trade-marks of Haynes Stellite Company. 
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Low-Temperature Joining* 

By R. D. Wasserman^ and Clinton E. Swifts 


Y OU are all familiar with the old methods of joining 
metals by soldering, brazing and fusion welding. 
These processes are well established in all met^ 
fabrication shops and were a vital step in the production 
of the machines and materials of war supplied to our 
fighting men and our fighting allies. Supplementing 
soldering, brazing and fusion welding in many shops 
was low-temperature welding which offered its users the 
advantages of all three of ^e older methods of metal 
joining without many of their disadvantages. The wide¬ 
spread and still increasing use of the process is proof of the 
help it has been to industry during tUs nation^ crisis. 

The advantages of brazing which have been acknowl¬ 
edged for a great many years inspired the research work 
which resulted in the deveilopment of the low-tempera¬ 
ture welding process. When brazing, joints with good 
strength were obtained at temperatures below the melting 
point of the base metal. The objections to brazing were 
usually that the weld metal was quite different in compo¬ 
sition from the base metal whi^ meant differences in 
many physical properties, corrosion resistance and color. 
A metal joining process, therefore, which would possess 
the advantages of brazing, but accomplish the same or 
better results with a bonding alloy or weld metal similar 
to that of the base metal, was thought to be the answer. 
Accordingly, a research program was established to ac¬ 
complish this result. 

It was realized, first of all, that special welding alloys 
would have to be developed for each general type of base 
metal, such as ferrous, copper, nickel, zinc and magnesium 
alloys. Fundamental stupes were made, then, to deter¬ 
mine the affinity of various metals for each otherj and 
filler rods were created which, besides containing largely 
the components of the alloy they were designed to weld, 
also contained those met^ which had a particularly 
strong affinity for the metals in the parts being joined. 
Then fluxes were developed which would act much in 
the manner of a catalyst, reducing surface tension of the 
weld metal, preventing oxidation of the base metal and 
aid in alloying the weld metal with the base metal. 
Further, the fluxes were compounded to melt and be- 

* presented et the Twenty-Fifth Annua] Meeting, A.W.S., Cleveland, Ohio, 
Oct. 16 to 19, 1944. 

t Manager and Assistant Manager, Respectively, Engineering and Research, 
Eutectic Welding Alloys Co, 


H Fig. 1—Eutectic Alloying 

Penetration of Copper Plate 
by an Aluminum Alloy 800° 
F. B«low the MelUng Point of 



Fig. 2—Photomicrograph of Junction Between Cast-Iron Weld 
Metu and Base Metal. ' 500 X 


come fully liquid and active at the proper temperature 
to apply the welding rod to the base metal, thus elimi¬ 
nating any guessing about the temperature at which 
to supply the weld metal. 

When these rods and fluxes were used on the base met¬ 
als for which they were developed, it was possible to ob¬ 
tain a bond between the liquid weld metal and the solid 
base metal as accomplished in brazing, but with a tre¬ 
mendous added advantage. The weld metal was pre¬ 
dominately the same alloy as the base metal! 

How this is accomplished is easy to demonstrate and 
why we call the joints obtained “welds” will be shown. 
The technique for low-temperature welding is quite simi¬ 
lar to that for bronze welding or brazing—the parts must 
be cleaned, coated with flux and heated. At the proper 
temperature, indicated by the melting of the flux, the rod 
is applied without melting of the parent metal. But here 
the similarity ends. As the molten weld metal is depos¬ 
ited on the surface of the still solid base metal which has 
been properly conditioned by the special flux used, it 
penetrates the surface of the parent metal, creating a 
thin film of a new alloy of a eutectic nature. As this 
thin film of eutectic alloy is saturated quickly by the 
base metal, it soon approaches that in composition and 
quickly solidifies to form a strong bond between the weld 
metal and the base metal. Photomicrographs show a 
continuity of grain structure from the parent metal, 
through the fusion zone to the weld metal to indicate 
that the phenomena described actually occurred. Thus, 
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Fig. 3—Photomicrograph of Junction Between Aluminum Weld 
Metal and Cast-Aluminum Base Metal. 50 X 


what is metallurgically defined as a weld has been ob¬ 
tained with a procedure technically defined as brazing— 
we call it low-temperature welding. 

A simple experiment with two metals will vividly 
demonstrate the principle of eutectic alloying. Copper 
and aluminum, though not commonly welded together, 
have a great affinity for each other as the low-tempera¬ 
ture welding rods have for the base metal for which they 
are designed. A copper sheet with a melting 

point of 1980° F. is supported at each end and coated 
with a flux which will prevent oxidation of both copper 
and aluminum, This plate is then heated until the melt¬ 
ing of the flux indicates that it is approximately at 1000° 
F., or just below the melting point of aluminum. An 
aluminum rod is held vertically over the copper plate and 
pressed firmly on it. The temperature is increased 
slightly until the aluminum rod begins to melt and then 
the copper plate is held at this temperature, some 800 or 
900° below its melting point for 5 to 10 sec. Because of 
the great affinity of aluminum for copper, an aluminum- 
copper eutectic alloy is quickly formed. It consists of 
67% aluminum and 33% copper and has a melting point 



Fig.^4—Two Pieces of 2S Aluminum with About 0.010-In. Fig. 5—A Detail of Fig. 4 Showing Alloying of Aluminum Weld 

Clearance Joined with a Thin-Flowing Aluminum Alloy. Metal with the Base Metal. 500 X 

100 X 



Fig. 7—A Detail of Fig. 6 Showing the Penetration of the 
Thin-Flowing Tin-Base Solder Into the Aluminum Sheet. 
500 X 


Fig. 6—Two Pieces of 2S Aluminum with About 0.010-In. 
Clearance Joined with a Thin-Flowing Tin-Base Solder. 
100 X 
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Fig. 8—Two Pieces of Ibctruded Brass with About 0.002*Iii. Fig. 9—A Deteul o! Fig. 8 Showing the Suxiace Alloying 

Clearance Joined with a Thin-Rowing Silver Copper Alloy. Between a Thin-Rowing Silver-Copper Alloy and the Extruded 

100 X Brass Base Metal. 500 X 


of only 1018° F. As the copper plate is being held at a 
temperature slightly higher than this, the aluminum rod 
is quickly pushed though the molten pool of this eutectic 
alloy to form a sharp round hole through the copper 
sheet. This principle of surface alloying between a liquid 
weld metal and still solid base metal is the principle of 
low-temperature welding. 

Joints made at low temperatures using a filler metal 
with a composition similar t^ the base metal have many 
advantages. The low temperatures used minimize dis¬ 
tortion and stresses which cause cracking in brittle met¬ 
als, or buckling and warping in those that are more duc¬ 
tile. Many, joints are accomplished at temperatures be¬ 
low those that may affect the metallurgical characteris¬ 
tics of the base metal. Because the weld metal is similai; 
to the base metal in composition, it has similar physical 
properties, equal corrosion resistance and is an actual 
color match. Such joints have good strength and are free 
from porosity. 

There are two basic types of low-temperature alloys 
available. Because the temperature range at which they 
-are applied varies so widely, it has been confusing to call 
the alloys welding rods, brazing alloys or solders, as few 
of them are fully described by this established terminol¬ 
ogy. We have, therefore, divided them into two groups 


according to the basic procedures by which they are 
used. There is the bead-forming type, which is used in 
beveled-butt joints, fillet welds or as overlays, in which 
the welding technique is similar to fusion welding or 
bronze welding, but accomplished at lower base metal 
temperatures. The thin-flowing type describes all those 
that are used in lap or square-butt joints, and which flow 
into such joints by capillary action, similar to the estab¬ 
lished technique of brazing, silver soldering or soft solder¬ 
ing. 

Not all of the low-temperature welding alloys produce 
true low-temperature welds. When certain of the bead¬ 
forming or thin-flowipg alloys are used on greatly dis¬ 
similar base metals, such as copper-zinc alloys on cast 
iron, or silver-copper alloys on steel, brazed or silver 
brazed joints are obtained. The affinity, however, of 
these joining metals for the base metals on which they are 
used has been increased by the addition of small amounts 
of certain metals known to have a special affinity for the 
base metal for which they are recommended. 

A number of photomicrographs, at different magnifica¬ 
tions, have been made to show the alloying that has taken 
place between both the bepd-forming and thin-flowing 
type of low-temperature alloys as applied to various base 
metals. Figure 2 is a photomicrograph of a joint made 



Fig. 10—Two Pieces of Cold-Rolled Steel with About 0.001-In. Fig. 11—A Detail of Fig. 10 Showing the Intimate Bond of 

Clearance Joined with a Thin-Rowing Copper Alloy. 100 X This Copper Alloy to Steel. 500 X 
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Fig. 12—The Production of Hydraulic lack Manifolda la Sim* 
plmed with the Use of a High>Strength, Thin*Flowing Copper 
Alloy. It Was Not Necessary to Screw the Parts Together and 
No Finishing Was Required 

with a bead-fonning cast-iron alloy applied to an or¬ 
dinary iron casting at a base metal temperature which 
did not exceed 1400° F. In fact, bonding will occur at 
base metal temperatures ranging from 950 to 1400° F. 
to make a joint which will develop as much as 48,000 psi. 
The continuity of grain structure is clearly shown, and 
only a very narrow line of the eutectic alloy remains to 
indicate how the joint is accomplished. This joint exhib¬ 
its all the requisites of a true weld. 

In Fig. 3, where a bead-forming aluminum alloy was 
used on an aluminum casting, it is almost impossible to 
discern the eutectic alloying line, even though the weld 
metal was deposited at a base metal temperature ap¬ 
proximately 200° below the melting point of the casting, 
from 950 to 1075° F. Tensile strengths as high as 
29,000 psi. will be developed. 

The photomicrographs in Figs. 4 and 5 show the use of 
a thin-flowing aluminum alloy on rolled aluminim. This 
alloy flows on sheet aluminum like silver solder on brass, 
at a temperature at least 150° below the melting point of 
the sheet. Yet, here is indisputable evidence that the 
thin-flowing weld metal has completely a,lloyed with 
the base metal to form a true low-temperature weld. 
This bonding occurs at temperatures from 950 to 1040° 
F. and the joints develop 30,000 psi. 

Figures 6 and 7 are photomicrographs showing the ap¬ 
plication of a very recently developed tin-base solder 
which, with the flux developed for it, will flow thinly on 
aluminum, and may even ^ used to join aluminum to 
other met^s such as steel, copper or nickel alloys. Even 
though this alloy is applied at a temperature of only 400° 
F., and would technically be called a solder, yet here is 
evidence of the beginning of surface alloying, or at least 
a definite penetration of the solder into the surface of the 
rolled aluminum. This intimate bond accounts for the 
high shear strength of 5000 psi. obtained when using this 
alloy on aluminum. 





Fig. 13—An Aluminum Casting Is Sedvaged with a Welding 
Rod Applied Without Melting the Base Metal 


A silver-copper alloy used on leaded brass is shown in 
Figs. 8 and 9. This thin-flowing metal formed a surface 
alloy with the base metal at a temperature approximately 
500° below the melting point of the brass, from 940.to 
1140° F. Depending on the base metals used, the length 
of joint and clearance provided, tensile strengths from 
52,000 psi. to shear strengths of 120,000 psi. are obtained 
with this thin-flowing alloy. 

Figures 10 and 11 show an application of an unusually 
high-strength copper alloy which is both a thin-flowing 
and bead-forming rod for use on steel and all its alloys. 
The alloying elements in this rod have been selected to 
provide an extremely strong bond to the ferrous base met¬ 
als as is shown in these photomicrographs. It bonds to 
steel at base metal temperatures of 1300-1600° F. and 
begins to flow thinly at 1675° F. In square-butt joints 
with as much as 0.020-in. clearance, it will develop 
117,000 psi., and with the proper clearance in lap joints, 
it will show shear strengths from 150,000 to 180,000 psi. 



Fig. 14—A Caat-Iioa Cylinder of a Steam Engine Is Repaired 
vnth a Cast-Iron Weldtiig Rod Applied at a Base-Metal Tem¬ 
perature Whicn Did Not &ceed 1400° F. 


In the photomicrographs just discussed, we have 
shown that at base metal temperatures varying from 200 
to 800° below their melting point, joints are obtained 
with low-temperature welding alloys that have every ap¬ 
pearance of being welds. We believe it is agreed that the 
indication of a weld is the continuity of grain structure 
through the fusion zone to a weld metal that is substan¬ 
tially the same as the base metal. This has been demon¬ 
strated to be the type of joint obtained with the applica¬ 
tion of certain of the low-temperature welding alloys in 
beveled-butt joints, and others in lap joints where they 
have been drawn between the lapped surfaces by their 
capillary action and then instantly alloyed with the base 
metal. In other cases, we have shown that where the 
thin-flowing alloy and the base metal are widely differ¬ 
ent, something more than a brazed joint is accomplished 
because of the unusual affinity of these thin-flowing al¬ 
loys for the base metals on which they are used. Illus¬ 
trations of completed joints show the wide field of ap¬ 
plication of this process, although it is difficult at a glance 
to appreciate the saving in time and heating that was ob¬ 
tained through the use of the low-temperature welding 
process. However, the welders and operating depart¬ 
ments of plants which are using this process appreciate 
the great savings in time and material, and the machining 
and finishing departments find little further work to do on 
assemblies that have been fabricated in this way. 
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The fields of application for low-temperature welding 
are briefly dted: 

A. Production Welding 

1. When the harmful effects of high temperatures 
must be avoided, particularly warping, distortion, resid¬ 
ual stresses or metallurgical damage to the parent metal. 

2. Where joints with the absolute minimum of excess 
metal are required in order to save costly machining or 
finishing. 

3. When fusion welding or brazing is inadequate, the 
low-temperature bead-forming or thin-flowing ^oys will 
often- be the solution. The sizes of the parts which can 
be joined with thin-flowing alloys are unlimited, except 
that means must be available to heat entire joints uni¬ 
formly and rapidly. 

B. In Salvage 

1. Defective castings or faultily machined parts can 
be salvaged because the weld is a perfect color match and 
ran Ije made at low teraperatiues. The advantages of 
the process in this field are obvious. 

C. Repair Welding 

1. The wide range of rods for different jobs on each 
base metal proves it to be unquestionably the best 
method for maintenance welding because of the great 
variety of sizes, shapes and metals encountered in this 
kind of work. 

The low temperature of application and the g^eat 
strength obtained, combined with the fact that distor¬ 
tion is minimized and the base metal remains unaffected, 
make it a necessary welding tool for every maintenance 
welder. 

Discussion by A. M. Setapen* 

The authors are to be congratulated for presenting a 
paper on a subject of timely interest since welding and 
brazing alloys have been used in ever-increasing quan¬ 
tities in war production. 

There is no question that it is possible to prepare a 
eutectic composition of two metals having widely differ¬ 
ent melting points by heating the charge above the melt¬ 
ing point of one but below that of the other, as illustrated 
by the authors in the aluminum rod and copper sheet 
experiment. However, it appears that the factors acting 
in this case are quite different from those that take place 
when making a joint of two members using a filler rod. 
Since time is a definite function of alloying or diffusion, 
it is difficult to see how it is possible to get any alloying 
of the filler metal with the base metal, when the base 
metal is held several hundred degrees below the flow point 
of the filler metal, in the very short period of time re¬ 
quired to make the joint. 

In addition, in the case of using the so-called thin- 
flowing alloys where very small clearances of joint 
(0.0002-0.004 in.) are most suitable, it is difficult to see 
how the filler metal can penetrate the entire joint area 
without solidifying if the base metal temperature is well 
below the flow point of the filler metal when one considers 
the relative masses'of the materials being joined, com¬ 
pared* with the filler material. My personal experience 
has been that when a brazed joint is made where the base 
metal is not heated to the flow p)oint of the filler alloy the 
resultant joint strength is very low. 

The authors failed to point out that the method of heat¬ 
ing the base metal to a given temperature below the tem¬ 
perature to flow the filler alloy is not applicable when the 
preplacement technique of applying the filler alloy is em- 

* Industrial & Engineering Division, Handy Sc Harman Co. 


ployed. In other words, their method of low-tempera¬ 
ture joining cannot be used with furnace, resistance and 
induction brazing or any other method of brazing where 
it has been found advantageous on high production 
applications to preplace the brazing alloy. 

Finally it would be of considerable interest to a number 
of readers if the authors included a list of brazing alloys 
giving their composition, melting and flow points, par¬ 
ticularly in those cases where illustrations were given. 

Authors' Reply 

We have apparently failed to make clear to Mr. Seta- 
pen in our paper that there are two entirely different 
types of “low-temperature welding” alloys. We refer 
to them as “bead-forming” and “thin-flowing” alloys. 
As stated in the paper, the “bead-forming” type is used 
in beveled-butt joints, fillet welds or as overlays with a 
welding technique similar to fusion welding or bronze 
welding, except that the base metal is not heated to its 
melting point, nor necessarily to the melting point of the 
weld metal. The “thin-flowing” type of alloy is used in 
lap or square-butt joints, and flows by capillary action, 
similar to established procedures for brazing, silver 
soldering or soft soldering. 

When “low-temperature welds” are made with welding 
rods similar to the base metal such as cast iron on cast 
iron, bronze on bronze or aluminum on aluminum, alloy¬ 
ing between the weld metal and the base metal is accom¬ 
plished by the formation of a “eutectic” alloy on the sur¬ 
face of the base metal to which the weld metal instantly 
bonds. This “eutectic” alloy is formed from metals 
in the welding rod and possibly one or more metals de¬ 
posited on the surface of the base metal by the flux. 
This “eutectic” alloy is molten at the “bonding tempera- 
tm-e” or base metal temperature required to effect a bond 
or surface alloying between the molten weld metal and 
the still solid base metal. The “eutectic” alloy formed is 
established in a thin film, perhaps only 0.001 in. thick or 
less, and it is so rapidly alloyed into the base metal and 
the weld metal that its presence is even hard to detect in 
photomicrographs, although slight variations in the 
structure along the interface, between the weld aiW base 
metal, indicate that there is a slight difference in compo¬ 
sition along that line. 

We want to make clear that it is possible to take ad¬ 
vantage of this “eutectic” alloying phenomena only with 
the "head-forming” alloys. "Whiile most of the “thin- 
flowing” alloys may be applied by this process, their 
gener^ use in lap or square-butt joints, into which they 
flow by capillary action, requires that ■^e base metal be 
heated to liie melting or flow point of these alloys. Often 
after the “thin-flowing” alloys have been drawn into 
lap or square-butt joints by capillary action, “eutectic” 
alloying takes place which increases the strength of the 
bond between the weld metal and the base metal; This 
is particularly true where “thin-flowing” or brazing al¬ 
loys similar in composition to the base metal are used, 
such as in the use of silver-copper-zinc alloys on brass and 
low-melting aluminum alloys on aluminum. 

Mr. Setapen points out that a definite element of time 
is required to effect alloying between weld metal and base 
metaJ when the base metal is at a temperature well below 
its melting point. In this, he is entirely correct, but 
this period of time is shortened to a few seconds when 
“eutectic” alloying action is promoted by the addition of 
other metals to the surface of the base metal by the flux, 
for instance. 

When the “thin-flowing” alloys are used by any proc¬ 
ess, that is, when they are applied with the torch, or when 
the work is heated by electrical resistance or induction 
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Welding Rod for Cast Iron (Fig. 2) 


processes, or in a furnace, the base metal tempera¬ 
tures required are equal to or in excess of the melting 
points of these alloys. 

Mr. Setapen states that it would be of interest to a 
number of readers to have the composition, melting and 
flow points of the brazing alloys referred to in this paper. 
While he did not specifically request information on the 
“bead-forming" alloys, it might be of interest to state 
that the compositions of the cast-iron and aluminum 
welding rods referred to in this paper are only slightly 
different from those commonly used for fusion welding 
cast iron and aluminum. Their ability to bond to the 
base metal at temperatures below the melting point of 
the base metal is obtained through the addition of very 
small amounts of one or two other metals to the welding 
rod, or by the deposition of other metals on the surface 
of the base metal by the flux. 

The “thin-flowing” alloys used are likewise similar to 
alloys generally used for this type of work. In addition 
to the usual major elements, small amounts of other 
metals have been added to these alloys to improve their 
thin-flowing properties or capillary action, and increase 
their affinity to the base metal. Fluxes used with these 
alloys are an integral part of their successful application, 
as they add small amounts of metals to the surface of 
the base metal and further improve capillary flow and 
the alloying of the brazing alloy with the base metal. 
The major constituents of the alloys discussed in this 
paper are as follows: 


Iron. 90-92% 

Total carbon. 3-5% 

Silicon.*.. 3-5% 

Other metals. Balance 


Alloy for Welding Aluminum (Fig. 3) 

Aluminum. 

Silicon. 

Other metals. 


90-95% 

Balance 


Alloy forWelding Aluminum (Figs. 4-5) 


Aluminum. 85-90% 

Silicon. 6-15% 

Other metals. Balance 


Alloy for Soldering Aluminum (Figs. 6-7) 


Tin. 48-52% 

Lead. 28-34% 

Zinc. 18-24% 

Other metals. Balance 


Silver Brazing Alloy (Figs. 8-9) 


Silver. 56-00% 

Copper. 20-24% 

Zinc.-. 15-19% 

Other metals.^. Balance 

Brazing Alloy (Figs. 10-11) 

Copper. 44-52% 

Zinc. 4(M6% 

Nickel. 8-14% 

Other metals. Balance 
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Determination by Statistical Analysis 
of Process Minimums for Spot Welding 

By Harold Robinson* 


Abstract . 

Tbis paper describes a statistical procedure which is designed 
to account for the inherent variability of a given process (e. g., 
spot welding) in establishing process minimums. The use of 
this method provides a minimum and measurable risk against the 
process falling below specification quality. In order to use the 
procedure outlined in the following pages, certain requirements 
must be met. 

1. The control specimens must be representative of the proc¬ 
ess. Random check specimens must be random. 

2. The process must be in a state of statistical control as 
shown by the control chart. 

3. The standard deviation must be determined for the process 
over a reasonably long period of stability or control. 

These requirements will be discussed in more detail in the body 
of the paper. 


Introduction 

T he use of statistical methods has become so 
widespread and has made such ra^nd advances 
in the production and inspection branches of 
modem engineering in the last few years that no intro¬ 
duction should be necessary. The process is rare that 
cannot be improved from both a quality and an eco¬ 
nomical consideration by the application of statistical 
analysis. Within the next few years, it is felt that there 
will be few manufacturing processes to which statistical 
methods will not be applied in some form. 

To those who prefer “common sense” or “intuition” 
it can be argued that statistical analysis is common sense 
systematized and quantitatively expressed. It is not 
true that if 100% inspection is required, then statistical 
analysis cannot be applied. Unless 100% inspection 
efficiency can be realized, which is seldom the case, 
100% inspection alone is not enough but should be sup¬ 
plemented by statistical control. 

The statistical method makes possible the expression 
of the variability of a process in quantitative terms. 
The ability to describe a phenomenon in measurable 
units is the first step in any scientific or engineering 
analysis. Once a method is presented for expressing 
variability in quantitative terms, the procedure for 
controlling a process becomes a mechanical one. 

In the January 1944 issue of The Welding Journal,® 
N. C. Clark has presented a rather complete picture of 
spot welding, the causes of variability and methods for 
measuring, expressing and controlling this variation. 
This article is a necessary introduction to the views to be 
expressed in this paper. 

It will have to be assumed in the following discussion 
that the reader is at least familiar with the fundamentals 
of statistical methods. These fundamentals can be 
easily obtained by referring to one of the several listed 

* Senior Researcb Metallurrical Engineer, Republic Aviation Corp., 
Panningdale, Long Isla..d, N. Y. 


references. Considerably more study will be necessary 
to follow the rigorous mathematical proofs and deriva¬ 
tions which form the background of statistical analysis. 
However, it is not necessary to master the basic mathe¬ 
matics of statistics in order to use it successfully. 

For convenience, a very brief and simplified review of 
the nature of statistical methods as applied to the sub¬ 
ject of this paper is given (without proofs) in the Appen¬ 
dix. 


Reason for Process Minimums 

It should be apparent that if the product of a process is 
to be kept above a certain specification or design mini¬ 
mum value, the average value of the product must be 
kept considerably above this specification minimum in 
order to insure that the greater percentage of the values 
of the distribution will fall above the specification mini¬ 
mum. But how far above the specification minimum 
must the process average be in order to insure a mini¬ 
mum number of parts from falling below specification 
minimum, and exactly what risk will the producer be 
taking against the process falling below the agreed-upon 
quality? One approach toward the solution of these 
questions will be presented in this paper. 

Since 100% inspection of spot welds is neither eco¬ 
nomically possible nor structurally necessary, some sort 
of sampling system must be designed to provide a mini¬ 
mum risk against spot welding below the desired qual¬ 
ity. It sho^d be constantly kept in mind that just so 
long as a sampling system (less than 100% inspection) 
is used, it is impossible to guarantee quality 100%. 
The consumer^ must realize this and be willing to co¬ 
operate to the extent that he is willing to accept quality 
of some small percentage below specification-value. 

So far as the designer is concerned, only the minimum 
strength of the spot weld is important. This paper 
will not gb into the metallurgical features which might 
determine the maximum strength desirable in spot welds. 
It should be emphasized that the determination of 
minimum values by statistical analysis in no way pre¬ 
cludes the necessity for controlling the metallurgical 
quality of spot welds such as freedom from cracks, ex¬ 
cessive porosity, proper nugget penetration or the elimi¬ 
nation of any types of defects which can be shown to be 
detriment^ to the strength or fatigue life of the welds. 
In fact, it will probably be necessary to control these 
points before statistical control can be realized or in 
order to reduce further the variability of the process. 
A good deal has already been written on this subject and 
it will serve no purpose to repeat. 


t The term consumer is used in e genernl setite. Producer mud ooBtamer 
may represent different departments of the same company. 
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Proceduie for Setting Up a Welding Machine 


The operational procedure for “setting up” a ma¬ 
chine is very simple. Before welding a part, the opera¬ 
tor will make the necessary ihachine adjustments and 
proceed to weld a sample consisting of a predetermined 
number of shear specimens.* The average of the shear 
strengths of the specimens in the sample shall be 
equal to nr above a value which will be called the Process 
Minimum. If the average is below the process mini¬ 
mum, readjustments will be made in the machine and a 
new sample taken. The process minimum is deter¬ 
mined by the welding or quality control engineer at 
periodic intervals based on the control chart data either 
by direct calculation or the nomogram suggested in this 
paper. 

If the tips have just been cleaned, it is suggested that 
several spot welds be made before taking the sample. 
Hess has shown that there is no correlation between weld 
strength and the order in which welds are made* and 
on this basis the first spot welds are a fair sample. 
However, the tip contour and tip pickup will change as 
welding progresses and result in a gradual change in 
shear strength. Here again, the welding engineer’s 
knowledge of the process will have to determine the 
frequency of the sample. 

Determination of Process Minimiun 

The determination of the process minimum is based 
on a controlled process as shown by the control chart 
and a normally distributed population. Reference will 
be made to Fig. 1 which is a graphical representation of a 
typical process which is normally distributed about its 
mean, A. 

A. Definition of Terms Used in Fig. 1 

1. Tail Area, p ,.—This area to the left of the specifi¬ 
cation minimum (expressed in per cent of the total area 
under the distribution) is called the “lot tolerance per¬ 
centage non-conforming.” The area represents the 
p>er cent of spot welds whose shear strength can be 
tolerated to fall below the specification minimum in the 
long run. Values of p, = 1%, 0.5% and 0.1% are sug¬ 
gested as reasonable. The nomogram is solved for these 
three tail areas. In other words, the consumer or 
designer will agree to accept the process and design 
accordingly if the quality for the greater per cent of the 
time does not become worse than the agreed upon per 
cent non-conforming. 

2. Lot Tolerance Average Xp .—The “lot tolerance 
average” is the average value of the process which for a 
given standard deviation (<r) will give the tail area, p„ 
as shown. If the standard deviation becomes smaller,- 
the distribution will become narrower, permitting a 
lowering of Xp in order to maintain a constant area, 
and vice versa. If the standard deviation is fixed, the 
“lot tolerance percentage non-conforming” can be 
changed by shifting Xp to the right or left. 

3. Distribution of Means .—If instead of making a 
frequency distribution of single observations, rational 
subgroups of size, n, are selected and averaged, the 
distribution of these arithmetic means will' have the 
same average as the average of individual observations, 
but the distribution will be somewhat narrower by the 
same amount that the standard deviation is reduced. 


t The efficiency of this procedure depends in a lern part on the degree in 
which the shear samples represent the spot welds which go into production 
parts. It is the duty of the welding engineer to design a shear specimen and 
procedure for preparing and handling these specimens to accomplish this 
purpose. 



If the standard deviation of the distribution of single 
observations equals <r, the standard deviation of ^e 
distribution of means will equal cfy/n. The larger the 
sample size, the narrower the distribution of means. 

4. Process Minimum .—This is the minimum value 
which the average of a sample size, n, may fall in setting 
up a machine before spot welding parts. This value 
has been mentioned in a previous section. The reason 
for its position with relation to the distribution is de¬ 
scribed under “Consumer’s Risk.” 

5. Consumer’s Risk, P*.—The quantitative value of 
the consumer’s risk is represented by the area, P„ to the 
right of the process minimum in the distribution of 
means. For the sake of uniformity and convenience, 
the consumer’s risk is usually set at 10%. The con¬ 
sumer’s risk is the probability of accepting welding of 
quality Xp with tail area pt. In other.words, suppose 
we have a priori information that the quality of the 
product is represented by the distribution whose aver¬ 
age is Xp and tail area p, with the distribution of means 
as shown in Fig. 1. If we accept samples when they are 
equal to or above the process minimum and reject them 
the rest of the time, we will be accepting samples not 
more than 10% of the time in the long run even though 
the samples come from a distribution of quality Xp 
with an acceptable tail area p,. In nine cases out of ten, 
the prpducer will be rejecting samples if the quality is no 
better than the lot tolerance average. If the qu^ity is 
better than Xp {Xp shifted to the right), the area P, 
becomes greater than 10% which means the prob¬ 
ability of acceptance becomes higher and vice versa. 
Figure 5 is the plot of the areas P, vs. P, when the 
process minimum is fixed and Xp is shifted to the left. 
The curves are drawn for the t^ee cases where P, = 
10%. p. = 1%: P. = 10%, p, = 0.5%; and P. = 
10%, pi = 0.1%. If the process remains fixed, and a 
lower consumer’s risk is desired, a larger tail area, p„ 
will have to be accepted. This can be observed by 
referring to Fig. 1 and imagining the distribution shifted 
to the left to reduce area P*, which automatically in¬ 
creases area />,. For a fixed consumer’s risk of 10%, the 
process minimum may be lowered by taking larger sample 
sizes without increasing p, or changing the process aver¬ 
age. It should be noted that if Xp, <r, p, and P. are 
fixed, the process minimum will approach Xp as a limit 
as the sample size increases. But by decreasing a, the 
process minimum approaches the specification minimum 
as a limit, P„ pt and n remaining constant. So far as 
production is concerned, low process minimums are de¬ 
sirable. The most efficient way of accomplishing this is 
to reduce the variability or standard deviation. Less 
effective, but also desirable for other reasons, as shown 
by Fig. 5, is to increase the sample size. Reference 5 
describes the factors involved in reducing the vari¬ 
ability. 
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Fig. 2—Typical Control Chart Over Period oi One Month 


6. In summarizing, the following points should "be 
clear. 

The process minimum can be reduced when: 

(a) Pe, pu Xp and n are fixed by reducing <r, (process 

minimum approaches specification minimum as 
a limit). 

(b) p„ Xp and <T are fixed by increasing sample 
size n (process minimum approaches lot toler¬ 
ance average as a limit). 

The tail area p, can be reduced when: 

(a) Pe, n and Xp are fixed by decreasing a. 

(&) P„ n and a are fixed by increasing Xp. 

B. Assumptions and Requirements 

Before any quantitative calculations can be made, 
there are certain conditions to meet and assumptions to 
make. 

1. The random check specimens must be random! 
The subject of random sampling is beyond the scope of 
this paper. A little engineering judgment and knowl¬ 
edge of the process is usually sufficient to insure reason¬ 
ably random sampling. At Republic Aviation, sampling 
is done by a random check inspector who at random 
intervals of about once every hour per welding machine 
takes sample shear specimens of the same material and 
gage combination being welded. No changes in machine 
settings are made prior to the sampling. The average 
of this sample should be plotted on a control chart. 
Necessary steps should be taken when points fall out¬ 
side of limits. 

2. The process must be in a state of statistical control. 
This is very important. Statistical control is realized 
when variations in a process are due to a constant sys¬ 
tem of chance causes. When this is realized, the aver¬ 
age X and standard deviation <r will become statistically 
stable and samples will be randomly distributed about 
X. The criterion for statistical control is the well known 
control chart. The sample averages are plotted in a 
historic sequence on a horizontal chart about the average 
with plus and minus 3<r/'N/n limits. Points which fall 
outside of the limits are considered due to assignable 
causes of variation and the process is not in control. 
Reference 3 describes the control chart and the simple 
mechanics involved in carrying through the procedure. 
After assignable causes have been removed, and the 
control chart shows the process to be in control for a 
period of at least 2 weeks, or until about 300 points have 
accumulated, it is valid to apply statistical analysis in 
setting up process minimums. New process minimums 
should be determined whenever the control chart shows 
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a significant change in the process 
average or standard deviations. Fig¬ 
ure 2 shows a control chart which 
shows reasonable control over a pe¬ 
riod of about one month. 

3. The distribution is. approxi¬ 
mately normal.* This assumption is 
desirable in order to make possible 
the use of normal integral tables in 
determining the limits and probabili¬ 
ties. It is a fortunate coincidence 
that the assumption is reasonable if 
the process is in statistical control. 
Several frequency histograms were 
determined from random check data 
consisting of over 500 specimens. In 
every case where the control charts 
showed the samples to be in con¬ 
trol, a normal curve was nicely fitted 
to the data, Fig: 3. There are other tests to apply 
for normality and in no case did the assumption of a 
normal curve appear invalid. The criterion of control, 
however, must be adhered to. 

4. The standard deviation does not change with 
small shifts in process average. This assumption can be 
legitimately questioned if the shift in the process aver¬ 
age becomes significant. Fortunately, the condition is 
almost self-correcting. If the process average is de¬ 
creased, the variability or standard deviation will prob¬ 
ably decrease. This will make predictions regarding the 
tail area conservative. On the other hand, if the tail 
area is too large and corrections necessary are in the 
direction of an increasing process average, it is possible 
that the standard deviation will increase, making the 
first increase insufficient. However, redetermining the 
standard deviation will probably call for subsequent 
small adjustments in the process average which should 
cause little change in the standard deviation. 


{ Theoretically the distribution cannot be normal since the process is biased. 
The minimum snear strength cannot fali below zero but mathematically the 
maximum can approach infinity. 



Fig. 3—Fitting Normal Curve to Data of Fig. 2 

Frequency histogram. For Al 24ST, 0.040-0.040. Average, 
X ■■ 560 lb. Standard deviation, a » 35.5. Skewness, k — 
—0.010. Sample size, n * 570. 
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C. Use of Nomogram to Determine Process Minimum 

Figure 4 is a nomogram calculated from normal integral 
tables for three different "lot tolerance percentage non- 
conforming,” Pt = 1.0%, 0.5% and 0.1% for sam^e 
size from n = 2 to 10 and a consumer’s risk of 10%. 
To use the nomogram it is necessary to know: 

1. The standard deviation of the process for the 

particular gage combination over a reasonably 
long p>eriod of control. 

2. The acceptable "Lot tolerance percentage non- 

conforming,” pi. 

3. The sample size.** 

4. The specification minimum. 

** Statisticians will probably object, and with some justification, to the 
small sizes solved for in this procedure. However, those familiar with usual 
shop practices will be aware of the difficulties encountered in trying to obtain 
larger samples, especially in cases where it may be necessary to set up a ma¬ 
chine for different ga^e combinations several times during a single shift. 
Even when a machine is welding one job continually, the author would sug- 

K it frequent small samples during the shift rather than a large sample at the 
ginning of each run. 


The process minimum is found automatically. 

The only calculation, in addition to the control chart, 
is the determination of the standard deviation, <r. The 
process average is found only as a necessary part of the 
calculation in determining the standard deviation. The 
standard deviation, a, should be found directly from the 
data of individual observations which are used to plot the 
control chart and determined from not less than ap¬ 
proximately 300 observations during a period which the 
control chart shows the process to be in statistical control. 
The <r determined from a sample of « = 300 will give an 
estimate of the variability of the process with a fairly 
high degree of precision. (If «r is determined from the 
plotted points directly from the control chart instead 
of from individual observations, the a to be used in the 
nomogram should be multiplied by \/n where n is the 
size of the sample whose average was plotted on the con¬ 
trol chart.) Though, in effect, shifting of the process 
minimum amounts to corresponding changes in the 



Fig. 4—^Nomogram for Deter minin g Process Minimums for Spot Welding 

Sample solution for a — 10 lb. Sample size, n = 3. Tail area, pt = 0.1%. Specification minimum = 800^. 

Process minimum (from nomogram) 1070 lb. 
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process average, the process average is not used in the 
nomogram or subsequent charts. There is no reason 
why file nomogram cannot be solved in reverse to es¬ 
tablish one's own design minimums based on what ex¬ 
perience shows to be a safe process minimum. 

D. Quantitative Determination of Risk . 

If the nomogram is used as directed, a natural ques¬ 
tion to ask is, “if the process is a higher percentage non- 
conforming than the selected value of just what are 
the chances of the sample average being equal to or greater 
than the process mtnimtitn as found by the nomogram?” 
In other words, “what protection against acceptance of 
subspecification quality is offered by this method ?” 

The answers to these questions are presented graphic¬ 
ally in Fig. 5. The abscissa of the chart is various per¬ 
centages non-conforming plotted against the chance of 
rejecting (or accepting) welding of that particular 
quality fdr the three “lot tolerance percentage non- 
conforming” selected from the nomogram. It should be 
observed that the three curves intersect the 10% prob¬ 
ability point, which is the consumer’s risk, at tail areas 
which correspond to their respective p, values. The 
solid curves are the plots for samples of w = 3. The 
broken curves are for = 1.0% and samples of » = 2, 
5 and 10. The family of (mrves for />, = 1.0% graphic¬ 
ally shows how larger samples very rapidly increase the 
assurance of rejecting subspecification quality in addition 
to lowering the process tninimutn as previously explained. 

Figure 6 shows the effect on the tail area caused by 
shifting the process minimum for values other than 
those solved for in the nomogram. The chart is made 
independent of the specification minimum by plotting 
the difference between the specification and process 
minimum. The tail areas are solved for the values of 
a — 10 to 120. This range should include almost all 
possible values of standard deviations encountered in 
spot welding aluminum alloys and thin gages of steel. 
In using the chart, to find the process minimum, add the 
value of D obtained from the plot to the specification 
minimum. Note that these tail areas correspond to a 
consumer’s risk of 10% just as in the nomogram. With 
this chart it should be possible to predict the expected 
quality of a process against the existing shop specifica¬ 
tions (assuming the process is in control). It will prob¬ 
ably be a surprise to many process engineers to find the 
actual size of the predicted tail areas or “lot tolerance 
percentage non-co^orming under their existing shop 
minimums. 

E. Basic Formulas and Calculations Used in Designing 

the Nomogram and Charts {see Fig. 1) 

Lot Tolerance Average Xp, for a given tail area p,. 

1. Xp = Specification Minimum + t\<T 

From Normal Integral Tables 


Pi 


1.0% 

2.326 

0.5% 

2.576 

0.1% i 

3.090 


Process Minimum (Consumer’s Risk 10%). 

2. Process Minimum = Xp + t^al^/n 

= Xp-^ 1.282ff/Vn 

From Normal Integral Tables 


Area Pg 

h 

10% 

1.282 



Fig. 5—Probability ol Rejection (or Acceptance) va. Quality 
of Proceas Uiing Process MiniinuTn from Nomogram 


Substituting Equation 1 for Xp in Equation 2 
Process Minimum = Spec. Min. + ha + 1.282(r/\/n 

( 1 282\ 

h H-) 

VnJ 
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Appendix 

Genered Fundamentals of Statistical Analysis 

Without danger of oversimplification it may be stated 
that statistics deal with the analysis of data of a numeri¬ 
cal nature. In this connection, there are two funda¬ 
mental physical facts that are so obvious that they are 
frequently overlooked. 

1. No two things are exactly alike. 

2. It is impossible to make an absolutely exact meas¬ 
urement of a physical quantity. 

The last figure of the measurement must be an esti¬ 
mate. If follows, therefore, that if measurements are 
made of a number of supposedly similar objects, or if 
similar measurements are made of the same object and 
are grouped and expressed graphically, they must neces- 
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sarily take the form of a frequency distribution similar 
to that shown by the histogram in Fig. 7 (^4). If the 
number of observations are increased sufficiently and at 
the same time the cell width is made narrow enough, 
the histogram will approach the form of a smooth fre¬ 
quency distribution as shown in Fig. 7 (5). 

The frequency of each cell is the number of observa¬ 
tions in that cell. It is usually more convenient to ex¬ 
press the frequency as per cent of the total number of ob¬ 
servations, thus making it possible to compare the shape 
of various distributions in the same frequency units. 
Secondly, the total area under the distribution curve is 
100 %. 

Expression of the data in the graphical form of a fre¬ 
quency distribution enables a clearer visualization of the 
various parameters used to describe the area. Using a 
mechanical analogy, the most important feature of the 
area is the center of gravity or average (the symbol is X) 
which is simply the arithmetic mean of all tiie observa¬ 
tions. The center of gravity is a function of the first 
moment. 


X 



( 1 ) 


X = magnitude of a single observation 
N = total number of observations 

for grouped data: 


f = number of observations in a cell 
x' = value of mid point of cell 


( 2 ) 


The function of the second moment of the distribu¬ 
tion is called the standard deviation (<r) and like X is 
expressed in the units of the variable. The standard 
deviation is the root-mean-square value of the devia¬ 
tions from the average of all the observations. It is best 
simply to consider a as a measure of dispersion or a meas¬ 
ure of the concentration of the data about its mean 
value. It is the most efficient measure of dispersion 
and while it is a little more trouble to compute than X, 
for the purpose of this paper, it is of prime importance. 
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Using the mechanical analogy further, a corresponds to 
the radius of gyration of the distribution area. 

for grouped data: 



The third and fourth moments are used to determine 
the skewness (lack of symmetry) and kurtosis (flatness) 
of the distribution, respectively. The casual user of 
statistics will seldom have occasion to determine these 
values, and they are mentioned in passing as additional 
methods for describing the shape of the distribution. 

If the abscissa is expressed in c units with zero value at 
the mean, and the ordinate is expressed in per cent 
frequency units, we have a common set of units with 
which we compare any distribution regardless of the 
number of observations or magnitude of the variable. 
In addition, we have a quantitative measure of varia¬ 
tion. The units of variation are <j units. 

Regardless of the shape of the distribution (there are 
no exceptions) the following expressi6n, known as 
Tchebycheff's inequality, applies: the p>ercentage of the 
total observations lying within the range bounded by 
X ta is greater than 

100(1 - i) 

where t is the number of a’s. More than 75% of all the 
observations fall between X ^ 2tT units and more than 
89% of all the observations fall between X ^ Za units. 
However, this inequality is overly conservative, neces¬ 
sitated by the fact that we have placed no restrictions on 
the shape of the distribution. If we make a further 
provision that the distribution be smooth, unimodal (one 
hump), and the average approximately coincides with 
the most frequent value, we can use the Camp-Midel 
inequality which states that the per cent of the total 
observations lying within X ^ 1<t is greater than 

(1 - dsrO 

Solution of this formula provides that: 

More than 89% of the observation fall between J? * 2ff 
units; more than 95% of the observation fall between 
X * units. 

Though considerably better than Tchebycheff’s, this 
inequality will also prove to be conservative, giving solu¬ 
tions which show less thaji the true percentage between 
limits. 

There is yet another solution possible which will give a 
high precision of acciuacy but whose solution depends 
on the restriction that our distribution be a normal curve. 
The normal curve is a highly idealized mathematical 
curve which was developed to explain laws of chance or 


distributions where only chance errors exist. The nor¬ 
mal curve is smooth, unimodal and symmetric. There 
are further restrictions involving the third and fourth 
moments. 

The equation for the frequency distribution of the nor¬ 
mal curve is: 


• /(*) = 


1 -(*-X)*/2** 


It is not necessary to solve the integral of the normal 
curve to find the areas bound by ^ t<j since they may 
be found by reference to normal integral tables in any 
book on Statistics. 

95.45% of the observations falls between J? * 2<r units. 

99.73% of the observations falls between X units. 

100% of the observations falls between . 

It is obvious that if we can fit the normal curve to our 
data our precision has been increased considerably. 
It should be noted that mathematically the curve is 
open at both ends and is asymptotic to 0% frequency. 
Physically we know this to be impossible and 100% of ^ 
the observations will fall well wi^in ». So far as the 
mathematical curve is concerned, no difficulty is here en¬ 
countered since the tail areas beyond *4<r’s become so 
small as to be negligible. While no set of data has yet 
been found which perfectly fits the normal integral, a 
large number of processes, if made under controlled 
conditions, can be fitted to the normal curve with a 
reasonable amount of accuracy. The restriction is that 
the process must be in statistical control before tests for 
normality can be applied. This point is discussed in de- 
tail’in reference 1. 

It has also been shown that if the data from almost 
any shaped distribution are divided in rational sub¬ 
group of n ^ 4, and a frequency distribution made for 
the means of each subgroup, the resulting distribution is 
normal. The standard deviation will be equal to <r/Vn 
where o- is the standard deviation of individual observa¬ 
tions. If the original distribution is normal, then the 
distribution of means will be’ normal for subgroups of 

M ^ 1. 

There are short-cut methods for determining X, <r 
and k (skewness) that are fully described in reference 3. 
These three parameters, with the use of a calculating 
or an adding machine and table of squares and cubes, 
can be determined from grouped data in less than half 
an hour for sample sizes as large as 500 observations. 
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AnMUuicUu^ a Ne>uA 


PsH "HARCAST 


Entirely New... Entirely Different! 


• Perhaps you've wondered why such an all- 
around electrode for welding cost iron was not 
available. So did P&H research engineers. 
And they went to work on itl 

It took nearly three years. But now it's ready 
... ready to end your worries about weld 
cracks, poor penetration, excess porosity or 
pulling away at the fusion zone. It produces 
sound, dense welds with a tensile strength of 
60,000 lbs. p.s.i.— approximately twice that of 
a good grade of cost iron. And it fuses well 
with mild or medium carbon steels for joining 
to cost iron. 

Can Be Used at Low Amperages 

Low amperage welding with “Horcast" mini- 

A COMPLETE ARC WELDING SERVICE 


DC AC Welden WeMlag Weldl*f WdNIaq ElecHk Er««frrk 

Electredei PMltloMri CwRtfR' HebH CfAiei 



mizes the dilution at the fusion zone, improves 
machining qualities. It's easy to use, too, for 
single or multiple pass work. But its operating 
characteristics ore entirely different. 

An All-position Electrode — for Both 
AC and DC Welding 

You con use P&H “Horcast" in all positions; 
downhand, vertical or overhead. Although de¬ 
signed primarily for AC welding, it works 
equally well on DC. But why not get full 
information? Try it yourself and see the differ¬ 
ence! Write for literature. 


P&H 


WELDING 

ELECTRODES 

4551 W. National Avenue, 
Milwaukee 14, Wis. 
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Flash Welding 4130 Steel 

By W. W. Ackeimeui* and Wcdter Pestredc^ 


W HEN stresses in welded aircraft joints 
reached a point where the ordinary plain car¬ 
bon steels failed to meet the necessary require¬ 
ments, S.A.E. 4130 was developed. S.A.E. 4130 with 
its sister steels S.A.E. X-4130 and NE 8630 have dis¬ 
tinguishing characteristics which m^ke it particularly 
desirable as an aircraft steel. These characteristics are: 

1. Excellent strength-weight ratio. 

2. Outstanding weldability. 

3. High tensile strength with good impact resistance. 

While of outstanding weldability, however, it is only in 
recent years that the aircraft industry has extended flash 
welding to it. The advantages of the flash-welded joint 
over the fusion-welded joint are as follows: 

1. Better physical characteristics (100% joint 
strength). 

2. Lower weights. 

3. Cheaper and faster production with less operator 
skiU. 

4. No warping as a result of welding. 

5. Less brittleness at low temperatures such as are 
encountered at high altitudes. 

6. Higher fatigue strength. 

Welded assemblies made from 4130 may be used with¬ 
out subsequent beat treatment. However, all types of 
welding have effects on this steel which make heat 
treatment advisable wherever it is practical. One reason 
is to release locked-in stresses which are caused by the 
contraction of the metal upon cooling. Another is that 
just adjacent to the weld zone, a portion of the metal has 
been treated to just slightly below the critical tempera¬ 
ture thus causing an annealing effect. This may res^t in 
a 10% drop in tensile strength. The third or most 
important is, however, that since chrome-moly is an air- 
hardening steel, the fast cooling of the weld results in a 
brittle zone next to the weld. This is particularly true 
in flash welding where the chilling effect of the dies is 
tremendous. With proper die spacing and correct ma¬ 
chine setting, all of these can be minimized to the point 
where subsequent heat treatment can be dispensed with. 
Lockheed Aircraft Co. reports that excellent physical 
test results have been obtained with welded joints in 
which the component parts have been heat treated up to 
140,000 psi., before welding, with no heat treatment after 
welding. Of course, if there is to be no further heat 
treatment after welding, the steel must be in the normal¬ 
ized state before welding. 

Type of Applications 

To the present time, the majority of applications are on 
tubular sections. Typical parts include an end fitting to 
a tube joint in which the fitting may be either forged or 
turned down from solid stock, or one tube to another. 

* Article submitted jointiv to Thtiron Age (published by them in their Jan. 
23 , 1945 issue) and t» Thb wbldino Journal. 

t Welding Engineer and Senior Welding Engineer, respectively, The Federal 
Jblachine ft Welder Co., Warren, Ohio. W. W. Ackerman died in the service 
ot bis country since this article was written. 



Fig. 1 Macropbotograph ol X-4130 Flash Weld 


The ranges welded may vary from less than 0.04 sq. in. 
up to over C sq. in. 

Design Considerations 

One of the greatest hindrances to flash welding is the 
failure of the various industries to design their parts 
for flash welding. The net result of this bring that criti¬ 
cal welds are obtained both from the standpoint of com¬ 
plete fusion and of weld brittleness along with bad align¬ 
ment. The proper design of a part to be flaeh welded 
should be one in which there is sufficient clamping 
surface and length for die spacing with a definite ma¬ 
chined backup. The main objection of tl|e Aircraft 
Industry to the changing of the design is thilt since the 
tubular section of the forging must be lengthened this 
necessitates additional machining and a chanie of forging 
dies. r 

If the final use of parts is to be in the normalized state 
or at comparatively low heat treatment, afl component 
parts may be final machined before welding and the final 
assembly be within customary tolerances of *0.010 in. 
This is, of course, with an excellent flash welding design 
on the part. While these dose tolerances can be held, it 
should be evident that they require more time for setup 
in the shop and require more skill from the operator. 
Consequently the design should not call for a tolerance 
which does not have to be held,- for ex^ple, any part 
which has threaded fittings at one or bou ends. 

Welding Setup |’ 

Burn-off, Upset :i, 

It is logical to assume that the amount of burn-off and 
upset are functions of the wall thickness of the tubing and 
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of the weld must be sacrificed or the amount of take-up 
must suffer some variation. 



Upset Pressure 


If the cylinder is going to be bottomed, then the upset 
pressure is of no influence on the weld so long as it is suf¬ 
ficient to insure bottoming the cylinder. 

If the cylinder is not going to be bottomed, then the up¬ 
set pressure is of major importance. Although upset 
pressure is commonly considered as a function of the 
cross-sectional area, it is also really a function of the 
compactness of the weld area. For example, take the 
two extreme cases. The one of a solid round section and 





Fig. 2—(Top) Hydraulic Landing Gear Assembly; Flash Weld X-4130 Steel—Tubing to Forging. (Cen¬ 
ter) Wing Strut Assembly; Flash Weld X-4130 Steel—Tubing to Forging. (Bottom) Bonds Bay Door 

Bracket; Flash Weld X-4i30 Steel—T^ing to Forging 


should be figured on that rather than on diameter or area. 
The following table gives the approximate burn-off and 
upset for various tubing wall thicknesses. 

Wall thick¬ 
ness 0.035 0.049 0.066 0.083 0.126 0.166 0.250 

Totalflash 0.190 0.290 0.346 0.396 0.430 0.486 0.632 

Totalupset 0.060 0.075 0.100 0.115 0.136 0.140 0.188 

These values are the best available at the present time 

and shoidd be satisfactory for almost all applications. 

In'motor-driven flash wdders, the amount of upset is 
easily set by shimming the upset block on the cam. 
However, there is some question whether with hydraulic 
machines the cylinder should be bottomed at the end of 
upset or whether the resistance of the metal to further 
upset should be the determining factor. The great 
argument for bottoming tlie cylinder is, of course, that it 
gives a definite take-up. It would seem logical, however, 
to believe that the best and most consistent welds can 
be obtained if exactly the same forging pressure is applied 
to the weld> every time. Theoretically both methods 
should not only give consistent welds, but also definite 
take-up. This is going on the assumption that the com¬ 
position of the steel does not vary, that the steel is clean 
and that the dimensions do not vary from piece to piece 
and also that there is no slippage in the dies or variation 
in welding voltage. The uniformity of operation of the 
welder is also of great importance. If any of these are 
present, bottoming the cylinder is liable to result in 
faulty welds when welding a critical steel-like chrome- 
moly. Not bottoming the cylinder will tend to offset 
these to a certain extent but with a variation in upset 
distance. One of two compromises must be made if all 
conditions are not to be held constant; either the quality 


the other of a tubular section of very large diameter with 
exceedingly small wall thickness. Even though both of 
these have equal cross-sectional area, it would be foolish 
to use the same upset pressure and expect similar welds. 

To determine the unit upset pressure in pounds per 
square inch of the weld area two things must be taken into 
account. First, the type of steel being welded and sec¬ 
ond, the difficulty of extruding the molten metal from 
the weld. Unfortunately, very little is known about 
just what is the desirable pressure for various types of 
sections. This much can ^ stated. If excessive pres¬ 
sure is used, the effect upon the weld is to cause excessive 
brittleness and low impact strength along with probably 
incomplete fusion but with quite high tensile strength. 
There are two ways in which brittleness may be caused 
in the welding of 4130 and other alloy steels. The first 
is that due to the fast cooling of weld by the chilling 
action of the dies, there is in effect a quenching action 
on the steel not unlike actual heat treatment. Since 
most of these steels are air hardening, the result is brittle¬ 
ness in the weld zone. The second cause of brittleness is 
less obvious and is open to some argument. If a mate¬ 
rial is considered ductile it means that it will elongate 
before rupture. This elongation is obtained because of the 
ability of the grains in the steel to slip along each other. 
These grains can only slip so far until rupture is the result. 
If after upset in a flash weld there is excessive pressure 
during the cooling below the plastic temperature of the 
metal, the net result is that the grains have slipped as 
much as they are able and therefore, due to this cold 
working the weld is more brittle than it might have been. 

According to the R.W.M.A. Manual, velds made with 
insufficient pressure are characterized by porosity, inclu¬ 
sion, low strength and poor impact resistance. In the 
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welding of chrorae-moly steels, this statement is open to 
debate on almost all points. Taking a specific example; 
in welding 0.125-in. wall tubing, the upset pressure was 
dropped to 7000 psi. In photomacrographs taken, there 
were no indications of porosity or inclusions. Probably 
in mild steel which may contain many impurities, there 
would be slag inclusions with too low an upset pressure. 
Concerning tensile strength, in all cases, the low-pressure 
welds broke outside of the weld when the weld was 
tested in the unheat-treated state. The outstanding 
characteristic of the low-pressure weld was its extreme 
ductility as compared to that of a high-pressure weld. 
In every low-pressure weld there appears a white line 
directly through the weld. 

According to metallurgists this line may be caused by a 
variety of things and there are various opinions about 
whether or not it is harmful. From work carried on up 
to date, the belief is that this line is not harmful if the 
weld is to be used in the unheated state, that is, the 
strength of this white line is more than that of the parent 
material. It is questionable whether with an exceed¬ 
ingly high-strength heat treatment this line will ,heat 
treat to the desired properties. 

In summing up the effect of pressure, the following rec¬ 
ommendations are made. If the weld is to be used with¬ 
out further heat treatment or annealing a minimum of 
upset pressure should be used, thus resulting in a ductile 
weld. However, if annealing or further heat treatment 
are in order, the upset pressure should be increased to 
about three times the minimum value since the resulting 
brittleness will disappear with heat treatment and with 
increased pressure the white line is not so predominant. 

Speed of Upset 

As in any flash welding,^ the speed of upset is very im¬ 
portant with 4130. There are reasons to believe that 
the faster the upset the better the weld and perhaps the 
less pressure required. One reason, of course, for de¬ 
siring a fast upset is to prevent oxidation of the high- 
temperature weld surfaces. 


! Die of Opening 

As explained before, the chilling effect of the dies is 
quite large and ^as much influence upon the brittleness 
of the weld. Fo^ this reason the die opening should be 
kept greater for»4130 than for mild steel. Limiting 
factors which mutt be taken into account, however, are 
the design of the pieces being welded, the ability to hold 
alignment and on very light wall tubing, the deformation 
of the tubing unde|- upset pressure. There is some ques¬ 
tion as to whether^ the die opening should be a fimction 
of the wall thicknefcor of the tubing diameter or of both. 
The following table takes into account only tubing 
diameter but should work all right for all of the common 
wall thicknesses. 


Outside 
diam. of 
tube, in. 

Dies at 
start 


1.00 1 . 2 . 


I 


0.750 1.000 1.250 1.500 2.125 
1.50 1.75 2.00 2.00 2.00 


aaViing Time 


Like bum-off and u||pet, the flashing time is a function 
of wall thickn.ess and i| quite critical in the thinner wall 
tubing. It is critical aore from the extent of keeping a 
consistent flashing tim^^ter a good weld setting has b^n 
found than in an initial setting since cam design, machine 
operation, preparation df work and amount of upset are 
all influencing factors. Therefore, the values given in the 
following table can be vs^ied depending upon other condi¬ 
tions. ^ 

Like flashing time, upifet time is a function of the wall 
thickness and is of extreme importance for obtaining good 
welds. For thin-walled ttibing, it has been found neces¬ 
sary to cut off the current before upset in order to prevent 
burning off the tubing or overheating the weld. In the 
thicker tubing the current should be kept on until the 
upset is completed and perhaps some annealing action 
might be obtained if it is left on even longer. For 
heavy-walled tubing, the danger lies more in cutting off 


Fig. 3—A Heavy-Duty Federal Flash Welder for Welding X-4130 Chrome Moly and Other Alloys 
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Fig. 4— Front View of a Federal Flash Welder for Welding X-4130. Showing Die and Back-up Construction 


too soon than in cutting off too late. Speed of upset is of 
great influence upon the reqijired current carryover. 

Wall thick- 


ness 0.035 0.049 0.065 

Plashing 

0.083 

0.125 

0.156 0.250 

time,sec. 8.5 
Upset 
time, 

4 5 5.5 

« 

10.5 

15 25 

cycles 3 

5 7 1 

'9 

10.5 

15 30 approx 


Secondftry Voltage 

In welding 4130, the secondary voltage should be kept 
as low as possible. The customary procedure in making 
a setup of chrome-moly is to adjust the die opening, flash 
and upset distance, pressure, flashing and upset time to 
the desired values and then to increase the secondary 
voltage until no freezing is encountered. The effect of 
too great a secondary voltage and consequently too great 
a current is to cause lur^ flash particles to be throw'ii out 
thus leaving not only large irregularities on the weld sur¬ 
face to be closed up, but ^so resulting in the case of 4130 
in incomplete fusion. 

If at the start very small-particles are thrown out but, 
near the end of the fliishing, large pieces of metal are 
emitted, the fault lies not with the secondary voltage 
since it is as low as it can be without causing freezing 
but with the cam design. Sometimes by increasing the 
edges of the tubing or forging, the voltage can be dropped 
another tap. A cam which has worked very satisfac¬ 
torily for chrome-moly is one which at the beginning of 
flashing has a rise of 0.0005 in. per degree and at the end 


of flashing a rise of 0.0055 in. jx:r degree. With this, it 
is desirable to bevel the edge of one tube at an angle of 
00® with the center line of the weld. 


At the present time we feel there is no conclusive 
method of nondestructively testing flash welds. While 
extensively tried, the X-ray has showed very little 
promise or has given little indication of the strength of a 
flash weld. In use at the present time is magnetic 
particle inspection or magnafluxing which has been 
slightly more successful in that it will reveal very bad 
flaws due to lack of fusion but it has not as yet been able 
to differentiate, between good welds and those which, 
while containing no serious flaws, are considerably below 
the desired strength. 

It is believed that the best available inspection method 


Fig. S—li^rt Oscillogram oi Flash Weld in X-4130 
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is the close contr j1 of the equipment and the process after 
the machine has been proF>erly set up. One good method 
of testing is as follows: On the first lot of each new part, 
four test coupons are furnished for each different weld. 
These coupons are identical to the production parts with 
respect to material and heat treatment, diameter and 
gage. Three of the coupons are tested to destruction in 


tension while the fourth is subjected to the test load after 
each 25 succeeding welds. A failure of any coupon below 
the test load during a production run is cause -for the 
testing of the proceeding lot of 25 welds to determine their 
acceptance or rejection. If the equipment is of the 
proper type and properly qualified, this method will re¬ 
sult in obtaining 100% satisfactory welds. 


Joint Design for Silver Brazing 
Nonferrous Metals 

By G. H. Bohn* 


S OME suggestions are offered here, particularly 
regarding the desi^ of joints that are to be made 
by silver brazing, since joint design is an important 
factor in obtaining the most satisfactory results. Only 
joints brazed with the oxyacetylene blowpipe are dis¬ 
cussed—not joints made in the furnace, either by induc¬ 
tion or by oil or gas heating. The same basic principles 
apply to furnace-made joints, however. In the blow¬ 
pipe-brazed joint it is usually most convenient to apply 
the silver-brazing alloy in wire form, while in the furnace- 
brazed joint silver alloy washers are advantageous. 


* Engineer, The Linde Air Products Co., Tonawanda, N. Y. 


Joints in Copper 

Let us consider silver-brazed joints in copper base 
metal first. Copper melts at 1982° F., whereas silver- 
brazing alloys flow at temperatures of 1300 to 1600° F., 
depending on the grade. The joint is, therefore, truly 
brazed and not welded, since the base metal does not 
melt. In cold-rolled copper sheet or hard copper tubing, 
if the edges are prepared for silver brazing by squaring 
them and butting them together—just as if a square butt- 
type weld were to be made—the silver-brazed joint will 
have a tensile strength of around 20,000 psi. and an 
elongation of about 10% (or even less) in 2 in. If, how¬ 
ever, the edges are prepared by beveling them to an angle 



Fabricating Spherical Floats for Refrigeration Units by Silver Brazing Together the Two Halves, Pressed Out of 
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Thin Film 



THIN SHEET 

Fig. 1—Lapping tha Edges at em Angle of 30° Will Materially 
Increase &e Strength of a Suver-Braxed Joint 

of 30° and lapping them, as shown in Fig. 1, a properly 
made silver-brazed joint will have a tensile strength of 
from 30,000 to 33,000 psi. and an elongation of over 40%. 
The strength of the joint is therefore far above tiie 
strength of the base metal and if tested to destruction, 
failure will occur in the base metal. It is obvious' that 
greater strength can be expected in this type of joint, 
since the leng^ of the beveled surface is twice the wall 
thickness. In other words, the area of bond is twice that 
of the square butt-type joint. Copper rods that are to 
be drawn into fine wire are joined in this manner. 

Figure 2 shows a photomicrograph (magnified 200 
times) of a cross section of a silver-brazed joint of square 
butt-type design in Vrin. cold-rolled sheet copper. The 
upper part of the picture is silver alloy and the lower por¬ 
tion is copper base metal. Note the sharp black line at 
the juncture of the two metals. The fact that fractures 
in square butt-type copper joints generally occur at this 
point indicates an undesirable brittle structure. The use 
of a reducing atmosphere or of deoxidized copper will re¬ 
lieve this condition, but in most copper shops the joint 
shown in the picture is typical. (Mills usually supply 
copper tubing deoxidized whether it is so sp)ecified or 
not.) 

Figure 3 shows a silver-brazed joint in copper tubing 
with the lap equal to two times the thickness of the wall; 
if this tubing is tested to destruction it should burst in the 
tube wall and not in the joint. Making the lap longer 
does not increase the bursting styength of the joint and 
may even decrease it because of the longer length of time 
the heat is on the tube. Hammering the joint lightly will 
restore the hardness of the copper and will also raise its 
yield strength decidedly, thus permitting higher test pres¬ 
sures to be used. 



Fig. 2—Photomicrogiaph of a Silver-Brazed Joint. The Lower 
Portion It Copper Bate Metal and the Upper Portion, Silver 
Alloy 


According to laboratory tests, the thinner the film of 
silver alloy, the higher the tensile strength, but from the 
practical standpoint, the joint design must provide for 
sufficient clearance to permit the silver alloy, drawn by 
capillary attraction, to spread and penetrate to all parts 
of the joint; otherwise fiill efficiency will npt be attained. 
This is particularly important in the fabrication of con¬ 
tainers with thick walls and in the joining of heavier cop¬ 
per tubing or pipe. In fabricating a pressure vessel from 
copper plate, for example, the joint should be prepared 
as shown in Fig. 4. It will be noted that while the edge 



on one side has been beveled to a 30° angle, that on the 
other side was beveled to only 26 or 27°. This results in 
a seam that is tight at the bottom but is open three or 
four degrees at the top, leaving ample room for the 
silver alloy to enter. 

Figure 5 shows a good method of preparing a lap 
joint in heavy-wall copper pipe. A small bevel of 45°, 
about Vi# in. deep, on the inner edge will help to start the 
silver alloy flowing into the joint. It will also eliminate 
the wasteful and unsightly overflow of expensive alloy 
down the outside of the pipe. An Eastern shop is using 
this type of joint design ift fabricating piping and coils 
for working pressures as high .as 3000 psi. 



Fig. 4—In a Lap Joint in Copper Plate, Clearance of 3 or 4° 
Should Be Provided to Permit the Brazing Alloy to Flow Into 
the Joint 


Brass emd Similar Alloys 

Silver brazing of brass, Muntz and similar alloys re¬ 
quires a different joint design because the melting points 
of these metals are so near that of silver-brazing alloys. 

Melting Point, 


Metal ° F. 

Muntz. 1661 

Yellow brass. • 1688 

Free-cutting yellow brass. 1643 


In order to be sure that the silver alloy will flow freely 
during the brazing operation, it is necessary to have the 
temperature some 50 to 75° F. above the melting point 
of the brazing alloy. Thus, with silver alloys that have 
melting points of 1500° F. or higher, the brazing oper- 
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Rg. 5—Ddaign fer a Silver-Brased Joint in Heavy-Wall Copper 
TttUng or Pipe 


ation becomes practically a welding operation, which 
obviously requires a different design of joint than for cop¬ 
per. Even with silver alloys having melting points as 
low as 1370® F. (A.S.T.M. Grade 4) the design must be 
different. Figure 6 shows the design of a joint for brass 
pipe that has proved quite satisfactory. The same gen¬ 
eral idea applies for joints in brass sheet or plate. It will 
be noted that the length of the lap is twice the thickness 
of the base metal but that the lap opening is considerably 
greater than for copper. A bevel of about 15° usually 
gives the best results. Unless the larger opening is pro¬ 
vided, difficulty will be experienced in getting the silver 
alloy to spread to all parts of the joint. 


Everdur 

Everdur 1010 is a commercial alloy consisting of copper, 
silicon and manganese. It has a tensile strength of al^ut 


[-^2t-► 



Yig. B—Deagu for « Silvor-Brazed Joint in Braj* Pipe 


60,000 psi. when welded. A silver-brazed joint in this 
metal does not have a brittle zone at the junction of the 
silver alloy and the base metal. Hence, tensile strengths 
of 56,000 to 60,000 psi. and ultimate shear strengths of 
around 28,000 pfi. may be attained. As a result, silver- 
brazed joints in Everdur 1010 that will be under tension 



Tig. 7 — Fox Silver Brazing a Tube Connection Into a Tank, the 
Shell Opening Should m Flared lo aa to Obtain Twice the 
Tubing Wall Thicknesa for the Lap 


in service may be of this square-butt type, but if they will 
be in shear, tihe lap design is required. This metal does 
not seem to require thinness in the silver alloy film. 


Connection 


y^in,, 45 deg. Bevel 



Rg. 8-~^iia Deaign la Satisfactory for a Small-biameter Tube 
CcBineotion if the Shell Thickness la Twice That of the Tube 
Wall 


In silver brazing a pipe or tube connection into a shell 
of either ferrous or nonferrous metal, it is generally advis¬ 
able for a copper or brass connection—and essential for an 
Everdur 1010 connection—to flare the shell opening, so 
as to obtain 2t (twice the tubing wall thickness) for the 
lap, as shown in Fig. 7. Silver brazing this type of joint 
in an Everdur shell is better construction than welding, 
particularly if it is less than Vs in. It can be oxyacety- 
lene welded but silver brdzing requires much less heat, 
greatly reducing the problem of expansion and contrac¬ 
tion. If welded, 1 is about the maximum flare for the 
lap. This design is not necessary for a small-diameter 
connection if the shell thickness is twice that of the wall. 
In such an instance the design shown in Fig. 8 is quite 
satisfactory. 


45deg.6evel 



Fig. 9—Tanka with Silver-Brazed Heads Should Be So Designed 
lliat the Head Laps Over the Outside Instead of Being Inserted 
Inside the Shell 


Tank and Container Heads 

In fabricating a tank or container, whether of copper, 
brass, steel or other metal, in which the head is silver 
brazed on, the joint should be designed as shown in Fig. 9, 
that is, with the head lapped over on the outside of the 
shell. This will make fabrication much easier. If the 
head flange is inserted inside the shell, the outside diame¬ 
ter of the free end of the shell will expand during heating 
more than the outside diameter of the head, and trouble 
will be encountered from cracking during cooling. 
The heavier the material, the worse this condition be¬ 
comes. 

In silver-brazing operations, just as in welding, it is 
advisable whenever possible to avoid joining two pieces 
of unequal thickness, as shown in Fig. 10, for example. 
This can often be avoided by redesigning the joint, as 
shown in Fig. 11, so that the mass of the adjoining parts 
are equal. Obviously, less heat will be required to make 



Fig. 10—If the Metal on One Side of the Joint Is Thicker than 
on the Other, Uneven Contraction May Give Rise to Difficulty 
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the joint. The difference in expansion on heating and Fig. 10 is much greater than in Fig. 11. Therefore, the 
contraction on cooling depends on the mean diameters of expansion on heating will be greater and may cause the 
the adjoining parts. The difference in mean diameters in silver alloy to crack when cooling takes place. 



Fig. 11—^Whenever Possible, Redesign a loint Like That Shown 
in Rg. 10 so Tbat the Mass on Each Side Will Be About Equal 


Operating -Temperatures 

At elevated temperatures the strength of most silver- 
' brazing alloys decreases, so that at 500° F. the strength 
will be about 50% of that at room temperature. How¬ 
ever, fabrications of nonferrous metal, whether silver 
brazed or not, in order to meet specifications of the 
A.S.M.E. Code, must be designed for lower working 
stresses for operating temperatures of 2.50° F. or above. 

At sub-zero temperatures most silver-brazing alloys 
are not affected and the strength of the joint depends on 
the strength of the metal. The nonferrous metals dis¬ 
cussed in this article actually increase in tensile and yield 
strengths as the temperature decreases. 
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Strength of Welded Ships 

By R. T. Youngt 


Introduction 

A GREAT deal of discussion has taken place in re¬ 
cent years regarding the relative merits of riveted 
. and welded ships. It is well known that some 
structural failures have occurred in the latter; some of 
these have been of a serious nature but by far the greater 
proportion have been'of a very minor type. It is my in¬ 
tention to try to clarify some of the misconceptions which 
have appeared regarding this subject and also to express 
some opinions which are my own and in no way represent 
those of the American Bureau of Shipping. 

Ship Stresses 

Let us discuss first of all the principal stresses to which 
a ship is subjected while in service; these are compres¬ 
sive, tensile and shearing stresses. The hull of a ship is 
in reality an enormous bdx girder and when in a seaway 
is subjected to bending and shearing stresses just like 
any other girder which is carrying* a load. Let us take, 
for example, a steel bar six feet long with a cross section 
three indies square and support it at either end; then 
apply a concentrated load at the center of the bar and 
keep increasing the load imtil failure of the bar takes 
place. Let us assume that the value of the load at the 
time the bar fractured was 15,000 Ib. If we now put a 
small nick in one of the lower corners of a similar bar and 
again subject it to bending we will find that the bar will 
f^ under considerably less load. 

In the original bar with tht 15,000-lb. load the fiber stress 
in the bar at failure would be 60,000 psi. This stress 
would be tensile and would be in the bottom outside 
fibers of the bar at the second before fracture occurred. 
At this time the stress in a horizontal plane through the 
center of the bar, which is the neutral axis, would be 
zero. We see then that in any structure subjected to 
bending the greatest bending stress occurs in the fibers 
of the steel which are farthest away from the neutral 
axis. 

Returning now to a ship we can liken the hull girder to 
the square bar. A long and involved calculation is nec¬ 
essary to determine the exact location of the neutral 
axis of the hull girder, but in a two-deck vessel such as 
the Liberty ship its location will be found to be approxi¬ 
mately at a point slightly less than one-half the depth of 
the vessel. This means that the points farthest away 
from the neutral axis, which are the most highly stressed 
points under load, are the bilge strakes and the upper 
gunwale connections which include the upper edge of the 
sheerstrakes and the outboard edges of the upper deck 
stringer plates. It is imperative, therefore, that nicks, 
gouges and faulty welds be eliminated at these important 
points. The presence of any of these, which disrupt 
the continuity of the stress flow, have the effect of 
crowding the stress lines which is the equivalent of in¬ 
creasing the service stresses at that point. 


* Presented et the February meeting, Portland, Maine, Section, A.W.S. 
t Sur^yor. American Bureau of Shipping, 


In the square bar the material is to all intents and pur¬ 
poses homogeneous. Therefore, the stresses in the bar 
are uniaxial. In a ship, however, the geometry and struc¬ 
tural design of the hull complicate matters which intro¬ 
duce biaxial and even triaxial stresses. 

Referring back to the square bar, suppose we put this 
in a tension testing machine and apply an axial load. As 
the load increases the bar elongates and the cross-sec¬ 
tional area thins or necks down; as long as there is no 
other force present to prevent this ne^ing the stress 
in the bar will be uniaxial. If now we apply a force to 
two opposite sides of the bar and normal to its axis these 
forces will tend to prevent necking in one direction and a 
condition of biaxial stress will exist. A similar force 
applied to the remaining two sides with the other forces 
still acting will prevent necking in the second direction 
and produce a condition of triaxial stress. 

Effect of Design on Stresses 

Let us examine, then, how the structural design of the 
ship can produce similar multiaxial stresses in the hull 
girder. Assume the ship to be in a hogging condition 
which will produce tension in the upper deck. This 
force will tend to stretch the deck plates longitudinally 
and at the same time make them narrower and thinner. 
Here we have the transverse deck beams which are 
quite rigid members and they exert a force which tends 
to prevent- the narrowing of the plates and introduces 
biaxial stresses. In a similar manner vertical members 
such as bulkheads, deckhouses and hatch coamings can 
produce triaxial stresses. 

In any structure as complicated as a ship it becomes 
almost an impossibility to trace the lines of stress flow. 
Stresses in a ship are still in the unknown category but 
the invention of the SR-4 strain gages has enabled a 
number of investigators to learn more than has ever 
previously been found out. 

So much for the tension and compressive stresses which 
are present in a ship in service. A third one is always 
present which is no less impx>rtant and that is the shearing 
stress. 

Suppose we take a laminated bar and support it at two 
ends. The various layers making up the bar are entirely 
separate from one another. We apply a load at the 
center subjecting the bar to bending and we find that a 
comparatively light load will produce considerable de¬ 
flection. Now if we put three pegs through, all layers 
and again apply a load we find that a considerably 
greater load is necessary to produce the same deflection. 
It'is obvious that as the bar bends, each layer tends to 
slide over the other. The addition of the pegs or fasten¬ 
ers prevents this sliding by taking up the shearing action 
between the layers; obviously this puts a shearing sttess 
in the pegs. 

Comparing a ship with our laminated bar we gee that 
the decks, tank top and bottom shell are equivalent to 
the layers in the laminated bar while the side shell 
represents the pegs. This means that the side shell 
takes the shearing stresses present in a ship due to hog- 
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ging or sagging; also the connections of the seams and 
butts of the side shell, whether they be riveted or welded, 
have to cany a heavy shearing load. 

Where, in a girder of any description subjected to 
bending, the maximum tensile and compressive stresses, 
as previously pointed out, occur at the points which are 
farthest away from the neutral axis, the converse is 
true in shear where the maximum stresses occur at the 
neutral axis. In a ship the maximum shearing forces oc¬ 
cur at the quarter points of the vessel, that is, at the 
points one-quarter of the length from the bow and a 
similar distance from the stem. In a riveted ship 
under 450 ft. in length the ordinary double row of rivets 
in the side shell seams with watertight spacing is suffi¬ 
cient to carry the shearing stresses at the quarter points. 
However, the American Bureau of Shipping Rules state 
that "seams of side shell about the neutral axis, at the 
quarter length, in vessels 450 ft. in length and over may 
be treble riveted at 4 Vj diameters in lieu of double riv¬ 
eted at 3*/4 diameters.” In other words, the rivet 
spacing must be closed up if double riveting is to be 
maintained, otherwise a triple row of rivets must be sub¬ 
stituted. 

In a welded ship the A.B.S. rules assume that the 
welded connection is 100% efficient and therefore re¬ 
quire no additional weld metal. It is the problem of the 
surveyors on the job to insure that the welding is 100% 
efficient. Everybody present here knows what a prob¬ 
lem that is. 

It is interesting to note that there have been few. 
failures in welded ships at the quarter points in the vi¬ 
cinity of the neutral axis. When these have occurred 
they have usually been traced to faulty welds. 

Ship Fractures 

A great many armchair theorists have publicized their 
own pet ideas as to the reasons why welded ships crack. 
One of the commonest of these theories and the most 
erroneous is that welded ships are weaker than riveted 
ones because there is less steel in them. There is less 
steel in them due to the fact that almost all faying flanges 
are eliminated together with plate laps, etc. It should 
be stressed here that faying flanges in a transversely 
framed ship add nothing to ^e longitudinal strength. 

If anything, a welded ship is stronger than its riveted 
counterpart for the following reason. The scantling 
tables of the American Bureau of Shipping were orig¬ 
inally computed for riveting and consequently the loss of 
area resulting from the punching of rivet holes was 
compensated for. Present-day welded ships have longi¬ 
tudinal strength scantlings equal to those of riveted 
ships. We see, then, that our welded ships have scant¬ 
lings sufficient to allow for rivet holes. There are, how¬ 
ever, no rivet holes there and consequently the extra 
material is bound to reduce unit stress. Generally 
speaking, the presence of rivet holes will reduce the ef¬ 
fective cross-sectional area by one-seventh. 

In speaking of the longitudinal strength of a ship it 
might be advisable to explain what the criterion for this is. 
In 1929 the United States passed a law making the mark¬ 
ing of a load line on the sides of all ocean-going vessels 
of over 250 gross tons compulsory. The American 
Bureau of Shipping was designated as the assigning 
authority. One requisite for the assignment of a load 
line is that the vessel should meet certain standards of 
structural strength. The standards of strength embodied 
in the U. S. Load Line Regulations were those agreed to 
at the International Lo^ Line Convention of 1030 
which were largely based on the practice of the Classifi¬ 
cation Societies. The longitudinal strength standard 
is expressed by a formula where the required section 


modulus is equal to the product of a factor, f, the 
moulded draft d and the moulded beam B. The factor 
/ is taken from a table for the particular length of the 
ship involved. It can be seen, therefore, that a ship 
buUt to A.B.S. rules or those of any other recognized 
classification society, will, automatically have the re¬ 
quired longitudinal strength to meet the Load Line 
Regulations. 

In calculating the section modulus of the hull girder of 
the standard type of dry cargo ship, only continuous 
longitudinal members are included; these are the entire 
bottom and side shell, the vertic^ keel and tank top 
plating including the margin plate and the deck plating 
outboard of the line of hatches. In a riveted ship it is 
also customary to include the top and bottom angle 
connections on the vertical keel, also the margin plate 
connecting angle and the gunwale bars. 

One may ask why the aforementioned members are 
the only ones included when there are other ones which 
extend throughout the length of the vessel such as inter¬ 
costal side girders in the double bottom, longitudinal 
deck girders, etc. To explain this we have to refer back 
to the days of riveting. In a riveted ship such members 
have their end connections to floors and bulkheads 
riveted. Although such connections will take a share 
of tlie load under compression, they will not act under 
tension. Rivets cannot and will not take tension and 
the designer must bear this in mind when compounding 
any riveted structure. 

In a welded ship, however, the end connections of the 
intercostal members, being welded, will take a certain 
percentage of the tensile load. One can see, therefore, 
that in a welded ship these members, although not in¬ 
cluded in the section modulus calculation, do act and 
help to reduce the tensile stresses under service loads. 

The question arises, then, why not include such mem¬ 
bers in the longitudinal strength calculation? The 
answer is to be found in the fact that the tensile strength 
of a rolled steel plate in the direction of its thickness is 
not so great as it is in the direction of rolling or normal 
to the direction of rolling. A simple experiment will 
prove this. Let us fillet weld a piece of plate to each side 
of another piece, in the same manner we would do in 
fitting a liner in a ship, and pull our sample in a tension 
testing machine. We will find that failure will occur by 
a splitting of the liner piece, similar to the way a plate 
separates when a lamination is present. 

Another very sound reason for not including inter¬ 
costal members is that a hidden lamination might ex¬ 
ist in the pUte to which the intercostal members are 
attached. 

Stress Concentrators 

Each and every fracture which occurs in a vessel in 
service must be analyzed individually to determine the 
cause and occasionally one occurs where the cause is un¬ 
certain. Generally speaking, in the majority of cases 
no one factor is responsible but the trouble may be 
traced to a combination of conditions. 

One of the most common causes is faulty workman¬ 
ship and in making this statement intentional • faults 
are not meant. Rather what is meant is the number of 
small nicks and notches which are built into the struc¬ 
ture sometimes unavoidably. Other factors are gas 
holes and slag inclusions in welds which cannot be de¬ 
tected except by some form of radiography. These 
latter act under stress in the same manner as cuts or 
nicks; that is to say they are "notch effects” which 
cause crowding of the stress lines. If these are present 
at points in the ship which are already highly stressed 
under service loads, failure very often occurs. 
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Here, then, is where the welding supervisor can per¬ 
form a valuable service. Not only should he feel him¬ 
self responsible to insure that gas holes and slag inclu¬ 
sions in the weld are kept to &e barest possible mini¬ 
mum but he should check carefully to see that all nicks 
and cuts left by other trades are repaired. This does not 
mean that the shipfitter and burner supervisors should 
not also be responsible for cleaning up all notches left by 
them. However, the welding supervisors have a double 
interest because when a failure does occur in a welded 
ship it is the welding that is blamed. This all tends to 
give the welded ship a bad name and will raise a doubt 
in the minds of private shipping interests as to the ad¬ 
visability of building one. 

Another contributing factor to welded ship failures 
is faulty design and in this category the indusion of 
square comers is by far the most common and most 
detrimental. Occasionally some form of square comer 
will dip by the designer and draftsman and therefore be 
shown on the plan which is issued to the yard super¬ 
visory staff. The supervisors, in tUs case, upon finding 
such a thing on the working drawing should call it to the 
attention of the drawing room with a request that it be 
changed. Everybody makes mistakes, even the higher- 
ups, so if all of us all the way down the line would co¬ 
operate in this manner we would have gone a long way 
toward solving our welded ship problems. 

While on the subject of design a word to the designers 
themselves will not be amiss. Somebody once said that 
you can’t train stresses and no tmer statement was 
ever made. Stresses will go where they want to and no¬ 
body can train them to do differently. Therefore, it is 
the designer's responsibility to put sufficient material 
where the stresses will be. 


Quality of Steel 

A third factor is the low notch impact value of mild* 
steel at low temperature. This is another reason why 
“notch effects’’ in a ship stmcture must be eliminated. 
It is a characteristic of mild steel and therefore must be 
provided for in our design and construction. Investiga¬ 
tions are at present being carried out in an effort to 
learn more al:out the behavior of mild steel at low tem- 
perativre with a view toward improving these qualities. 

So-called “dirty” steel is a fourth factor which must 
be taken into account. This term is usually applied to 
steel with a high sulphur or phosphorous content. It is 
worth pointing out here, however, that the amount of 
such steel whi^ has been found to which a fracture could 
be directly attributed has been surprisingly small. This 
in spite of the tremendous quantity of steel which has 
been turned out during the war years. 


Location of Fractures 

• 

Of all the major fractures which have occurred in serv¬ 
ice the following general types listed in the approxi¬ 
mate order of their frequency are as follows; hatch 
comers, upper edge of sheerstmke, gunwale connections 
and outboard ends of main deck erection butts, bul¬ 
warks, and bilge strake including bilge keel. 

In the case of the hatch comers the fracture usually 
starts right in the square cut in the upper deck plating 
for the hatch opening and propagates outboard. The 
extent of the break depends upon the conditions pres¬ 
ent at the time and the severity of the service stresses 
which are acting in that location. As you all know, in a 
few cases of this type the fracture has extended clear 


across the deck and down the ^ell restilting in complete 
failure. 

Another type of fracture which might also be classi¬ 
fied as the hatch comer type is that which starts in the 
inboard end of the upper deck erection butts and propa¬ 
gates outboard. This type is the result of poor welding 
of the butt itself. It is interesting to note here that in 
the earlier Liberty ships where the erection butts wefe 
machine welded, this type of failure was more prevalent. 
This was due to the fact that the butts were prepared 
with square edges for machine welding and could only 
be welded by machine up to within about one foot of the 
hatch coaming due to the machine fouling the horizontal 
stiffener on the coaming. The butt would be finished 
manually without any fmther edge preparation restilting 
in nothing but a wa^ weld. This is one of the reasons 
why the A.B.S. prohibits machine welding of upper d^ck 
erection butts. 

Sheerstrake fractures have been caused by cuts or 
nicks left in the upper edge of the strake. Some of these 
nicks have been so small that had the surveyor requested 
their removal during construction he would have been 
accused of being overly fussy. Tliis is the reason why 
we now request that the upper edge of the sheerstrake 
be ground to a smooth finish. 

Another starting point of failures in the earlier ships 
which was the residt of poor design was the small square 
recessed cut in the sheerstrake to accommodate the 
bracket of the accommodation ladder. 

Fractures have also started in the main deck gunwale 
weld. These are usually the result of transverse shrink¬ 
age cracks in the weld metal itself. Peening of the in¬ 
dividual passes of this weld helps to eliminate these 
shrinkage cracks. The riveted gunwale bar, of course, 
eliminates this problem entirely. A common miscon¬ 
ception is that the gimwale bar was installed primarily 
to act as a crack stopper. Although it does act in this 
manner its principal advantage is that it eliminates 
welding the gunwale connection which under present 
construction methods is the last wdd to be made on the 
ship and consequently has to be made under conditions 
of considerable restraint. It also happens that this 
connection is one of the most highly stressed in service. 

The question has often been asked, are we going to re¬ 
quire the fitting of a riveted gunwale bar on welded ships 
indefinitely? The answer is probably yes until we can 
take some of the uncertainty out of wdding. 

We have all noticed in building welded ships that there 
is a tendency for the bow and stem of the ship to rise off 
the keel blocks. What causes this? Obviously it must 
be due to the shrinkage or shortening of the upper deck 
and sheerstake. This results in a residual tension stress 
in these members which is the one thing we want to 
avoid. As previously pointed out the upper deck and 
sheerstrake have to take high tensile stresses when the 
ship is hogging. We cannot afford then to send them out 
with a high residual tensile stress already in them. 
Eliminating the welded gimwale connection by substitut¬ 
ing a rivet^ bar helps to reduce these residual stresses. 

They can also be reduced by the use of the following 
welding sequence even though the gunwale connection 
is welded. The work should be started amidships in the 
usual manner but the welding of the bottom shell, upper 
deck and uppermost and lowest strakes of the side 
shell should be completed ahead of the welding of the in¬ 
termediate strakes of the side shell, somewhat like a 
horizontal V with its apex pointing toward amidships. 
It can be seen that with this sequence the last longitu¬ 
dinal connection to be welded and consequently the one 
with the highest residual stress will be a side shell seam 
at approximately the half depth of the ship; this will be 
very close to the neutral axis of the hull girder where, 
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as previoudy pointed out, the bending stresses due to 
service loads are a minimum. 

Unfortunately the bulwark is too often considered as 
a secondary structural member and therefore less atten¬ 
tion is paid to structural detail and workmanship. It 
has been the starting point of a considerable number of 
fractures. As previously stated, you can't train stresses 
and as long as the bulwark is rigidly connected to the hull 
girder by welding it must be treated as part of it. Frac¬ 
tures string in the butts of bulwark plating can propa¬ 
gate indefinitely and under tmfavorable conditions can 
possibly result in the loss of the ship. 

The other two comers of the cross section of the hull 
girder, namely, the bilge strakes, have been known to be 
the starting points of serious failures. The trouble here 
is generally faulty welding in the bilge strake butts or 
the bilge keel butts. We all know that it is more difficult 
to make a sound butt weld in a rolled shape than in a 
plate. Therefore, as an added precaution the bilge keels 
should be sniped dear of the bilge strake in way of the 
bilge keel butts. If this is done should a bilge keel butt 
fail the fracture cannot extend into the shell. It is also 
advisable to snipe the bilge keel where it crosses a bilge 
strake butt; this prevents two welds from crossing eadh 
other. In welding a butt in a shape or plate if the root 
side of the weld is not easily accessible for back chipping 
the sealing or dosing bead should be made first and the 
chipping done from the groove side. As we are all aware, 
insufficient back chipping is one of the major causes of 
faulty welds and the following of the above suggestions 
will hdp to eliminate this trouble especially in some 
critical points. 

Fractures in medium steel may be dassified in two 
distinct categories, namely, cleavage type fractures and 
shear fractures. Practically all of the failures experi¬ 
enced in ships have been of the cleavage type. A defini¬ 
tion of both types might help to clear up some misunder¬ 
standing along these lines. 

A shear failure is one in which the individual crystals 
of the metal .are sh^ed' into two distinct parts; this 
action usually takes place along a plane which is at an 
angle of approximately 45® to the base of the crystal. 
(The crystal may be considered as a cube.) Hence in a 
shear fracture the broken edges are at an approximate 
45® angle to the surface of the plates; there is usually 
evidence of considerable ductility in the steel. 

The fractures that we have experienced in this yard 
during construction are of the deavage type; these are 
commonly referred to as brittle fractures when, strictly 
speaking, they are not. Brittleness is defined as a com¬ 
plete absence of ductility. In this type, failure occurs 
between the crystals of the metal, iJiere being no de¬ 
struction of the crystals themselves. The fractime is 
a sharp square break with the edges approximately per- 
pendiailar to the surface of the plate. 

In a deavage fracture the failure starts internally, that 
is, in the center of the thickness of the plate and propa¬ 
gates in that manner working outward to the surface 
of the plates. It can be seen, therefore, that the visual 
end of such a crack is not the actual end; the actual end 
can extend as much as two inches internally beyond the 
appare'nt end as seen on the surface. In repairing such 
a crack by welding it is therefore of the utmost impor¬ 
tance that a hole be drilled at least two inches beyond the 
end of the crack which shows on the surface. If this is 
not done an internal crack will be left in the plate after 
all repairs are thought to be completed. 


Under normal conditions of temperature and I 
the shear strength of the steel will be reached bef( 
deavage strength and the resulting fracture will be 
shear type. Under certain other conditions, of w 
lowering of the ambient temperature seems to be a 
critical one, the deavage strength of the materia 
duced. If this is reduced to such a degree that 
comes lower than the shear strength the deavage st 
will be reached first and failure will occur in that m 
Apparently the shear strength of steel is not affec 
temperature nearly as much as the deavage strd 

In making experiments in the laboratory in as 
to learn something about the fractures which'hi 
curred in welded ships," one of the prindpal difiB 
has been the inability to produce a fracture of the 
age type. 

However, this type of fracture has been prodi 
the laboratory but it is interesting to note thal 
curred under conditions of biaxial stress and at 
perature of —130° F. Occasionally a fracture 
nature will occur most unexpectedly and the di 
then is to determine just which factor or factoi 
present to produce it. 

Some Disadvantages of the Welded Ship 

A great deal has been said and written in recen 
about the advantages of welding in shipbuilding b 
little has been mentioned about its disadvanti 
which there are a few. Probably the greatest c 
from the owner’s point of view is that unless son 
of radiography is used to explore the welds no c 
be positively sure of the qu^ity of the' finished p 
Naturally enough any private company who pay 
couple of million or more dollars for a ship want 
thoroughly satisfied that all connections are so 
insure that the vessel will not have to be laid up 
ber of times during the first few years of its life. 
,be remembered that when a merchant ship is tied 
repairs frequently the cost of these is only a sm 
portion of the total expense to the owner. The 
loss is due to the ship not carrying any cargo anc 
fore not bringing in any revenue. 

Making repairs on welded ships may be more 
expensive than on riveted vessels depending on 
ture and extent of the repairs. On a welded shi 
ping a plate is a simple enough procedure but tl 
not always be advisable especi^y as a ship gei 
and corrosion enters into the picture. If slight > 
occurs to one end of the plate and it is approach 
limit of its corrosion margin it will probably 1 
advisable to renew the whole plate while the x 
tied up rather than cropping it. In some case; 
been fotmd more economical to renew a shell pla 
welded ship entirely rather than removing, fair 
replacing it as would have been done on a riveted 

It would seem therefore that the future of th« 
to which welding will be used in shipbuilding dep 
a large degree upon all of us and particularly u| 
welding supervisors in the shipyards. It is to t 
terest to insure that faulty welding be eliminatci 
greatest possible extent and thereby help to i 
welded ship a record of trouble-free service. Th' 
fication surveyors and owners’ inspectors can he 
but they cannot always be present when a weld 
which in the last andysis is the proper time tc 
poor workmanship. 
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brings together the efforts of 2000 specialists in telephone and radio communication. Their 
wartime work has produced more than 1000 projects for the Armed Forces, ranging from carrier 
tdephone systems, packaged for the battle-front, to the electrical gun director which helped 
iboot down robots above the White Cliffs of Dover. In normal times. Bell Laboratories' work 
^ the Bell System Is to Insure continuous improvement and economies in telephone service. 
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AMERICAN WEEDING SOCIETY 

ACTIVITIES -i BELATED EVENTS 


SOCIETY ORGANIZES AUTOMOTIVE 
WELDING COMMITTEE 

Among the most recent additions to the 
roster of technical committees of the 
American Welding Society is the newly 
organized Automotive Welding Commit¬ 
tee. 

Appointment of this committee was 
made upon recommendation of the Tech¬ 
nical Activities Committee to the Board of 
Directors, after an investigation had indi¬ 
cated that such a committee could serve a 
useful purpose in bringing together into 
one group representatives of the automo¬ 
tive manufacturing industry and thereby 
provide a concerted effort toward the 
resolution of welding problems peculiar to 
their industry. The committee as organ¬ 
ized will function by either delegating 
subcommittees to study of a particular 
problem or by referring such problems to 
the proper American Welding Society 
technical committees already functioning. 

Membership on the committee includes 
a representative of each of the larger auto¬ 
mobile organizations, a representative from 
each of the independent automotive manu¬ 
facturers, and representatives of those sub¬ 
contracting fabricators who supply the 
automotive industry with appreciable 
quantities of welded assemblies. This 
representation is indicated by the person- 
nd which follows: 

J. M. Diebold, General Motors Corp., 
Chairman; C. D. Evans, International 
Harvester Co., Vice-Chairman; S. A. 
Greenberg, American Welding Society, 
Secretary; L. W. Boelter, Ford Motor Co.; 

F. S. Bussell, Noblitt-Sparks Industries, 
Inc.; J. Calley, The Murray Corp. of 
America: V. H. Chisholm, Hudson Motor 
Car Co.; J. E. Coon, Packard Motor Car 
Co.; E. O. Courtemanche, Briggs Manu¬ 
facturing Co.; W. E. Crawford, A. O. 
Smith Corp. 

Also J. V. Emery, Mullins Manufac¬ 
turing Corp.; C. F. Flynn, The Timken- 
Detroit Axle Co.; C. R. Gib^ns, Wheeling 
Steel Corp.; J. L. Miller, Firestone Steel 
Products Division: R' S. Phair, Edward 

G. Budd Mfg. Co.; E. B. Rausch, The 
Studebaker Corp.; W. E. Smith, The 
Midland Steel Products Co.; H. R. 
Sparks, Chrysler Corp.; V. S. Wielosinski, 
Willys-Overland Motors Inc.; and C. B. 
Woods, Freuhauf Trailer Co. 

The first meeting of the committee was 
held on March 14th in Detroit, and plans 
were immediately formulated for study of 
some of the more pressing welding ques¬ 
tions confronting the welding engineer in 
the automotive industry. 

With the institution of the A.W.S. 


Automotive Welding Committee, the 
Society has added one further means for 
promulgating practices which result in the 
sound application of welding. This is ef¬ 
fected through such committees which not 
only bring together the welding men of one 
industry for an exchange of ideas, but pro¬ 
vide through an interchange of data be¬ 
tween committees, for the dissemination 
of information between industries as well. 


$1000 IN PRIZES FOR PAPERS ON 
RESISTANCE WELDING 

Prize Contect Rules 

In order to encourage the preparation of 
outstanding papers dealing with resist¬ 
ance-welding subjects, the Resistance 
Welder Manufacturers' Association has 
for several years conducted a prize con¬ 
test, the awards for which are announced 
annually at the fall meeting of the Ameri¬ 
can Welding Society. The scope of this 
contest has recently been increased, 
bringing the total amount of the awards 
up to $1000. The prizes are to be 
awarded as follows: 

One priie of $500 for the best paper em¬ 
anating from an industrial source, consult¬ 
ing engineer, government laboratory or 
the like, in which the major portion of the 
subject matter is concerned with design 
for resistance welding. This includes de¬ 
sign af component parts to accomplish 
the maximum economy and welding qual¬ 
ity and also details of procedure, work 
preparation and work handling, etc. 

Two prizes of $200, each, will be 
awarded to the authors of two papers, not 
primarily concerned with design, which, 
in the judgment of the Board of Awards, 
are the greatest original contributions to 
the advancement and use of resistance 
welding. One of these two prizes shall 
go to the best paper emanating from a 
university source—that is, either an in¬ 
structor, student or research fellow at a 
recognized university. The second of 
these two prizes shall be awarded for the 
best paper emanating from an industrial 
source. 

A fourth prize of $100 will be awarded 
to the author of the best remaining paper, 
which may fall in any of the three groups 
mentioned above. 

The contest is open to anyone, without 
restriction, from the United States, its 
possessions and Canada. It is also open 
to any member of the American Welding 
Society in any grade from any place in 
the world. The contest is considered as 
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having opened September 1, 1944, and 
will close on midnight, July 31, 1945. 
Papers which are to be presented at the 
Annual Meeting of the American Weld¬ 
ing Society in October may also be en¬ 
tered in this contest, in which case a draft 
or copy of the paper must be filed with 
the AiaRicAN Welding Society, 33 West 
39th St., New York 18, N. Y., not later 
than July 31. 1945. 

All papers submitted in the contest be¬ 
come the joint property of the R.W.M.A., 
and the American Welding Society, who 
will retain all rights thereto. The Ameri¬ 
can Welding Society will appoint 
five judges, who will judge the relative 
merits of the various papers submitted and 
make the awards accordingly. The de¬ 
cision of the judges will be final. 

For the author or authors to be eligible 
for this award, the paper shall describe 
clearly original work done by them or 
under their supervision on resistance 
welding in any of its aspects by any 
method or process. The paper shall be a 
full disclosure of the subject. The paper 
shall contain no statement which is un¬ 
ethical advertising or sates promotion. 
The paper may contain statements of fact, 
including the names of either individuals 
or organizations of any kind, commercial 
designations, trade names, etc. The 
minimum length requirement is 2500 
words. 

All papers must be typewritten, double 
spacing, written on one side only of 
blank white paper. Photographs, charts, 
graphs, etc., may either be attached di¬ 
rectly to the copy or may be detached, in 
which case they should be clearly identi¬ 
fied with figure numbers, captions, etc. 


AMERICAN WELDING SOCIETY 
COMMITTEE ON BRAZING 

The growth in brazing applications, 
both number and variety, in industry has 
pointed to the need for providing a 
channel through which data on these 
processes and their application can be 
cleared and correlated. 

Recognizing this need, the Society has 
recently organized a Committee on Braz¬ 
ing which will undertake the preparation 
of recommended practices for brazing, 
and such standardization as is practical. 
The Committee will function through the 
correlation of data on such matters as 
brazing alloys and fluxes; design of 
brazed joints; t)razing procedures and 
techniques; and methods of testing and 
inspection procedures for brazing. So 
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that the Committee’s work will reflect 
the brazing practices of all industries con¬ 
cerned with its use, its personnel has 
been selected to include at least one repre¬ 
sentative from each such industry and 
representatives of the manufacturers of 
brazing materials, as follows: 

J. R. Wirt, Delco-Remy Division, 
General Motors Corp., Chairman; S. A. 
Greenberg, American Welding Society, 
Secretary; L. E. Abbott, Bell Telephone, 
Labs.; W. H. Cochrape, General Electric 
Co.; J. E. Coon, Packard Motor Car 
Co.; J. R. Freeman, Jr., American Brass 
Co.; H. T. Herbst, The Linde Air Prod¬ 
ucts Co.; C. D. Hibert, Consolidated 
Vultee Aircraft Corp.; G. O. Hoglund, 
Aluminum Co. of America; Wm. H. 
Irwin, Carrier Corp. 

Also C. E. Johnson, Scaife Co.; A. N. 
Kugler, Air Reduction Sales Co.; R. H. 
Leach, Handy & Harman; G. R. Long, 
G. M. C. Frigidaire Div.; A. K. Phillippi, 
Westinghouse Electric & Mfg. Co.; H. P. 
Schane, AUis-Chalmers Mfg. Co.; J. J. 
Vreeland, Chase Brass and Copper Co.; 
R. D. Wasserman (C. E. Swift, alter¬ 
nate), Eutectic Welding Alloys Co.; and 
J. C. Wilcox, The American Platinum 
Works. 

At its first meeting, held on March 20th 
in New York, the Committee surveyed 
the general aspects of bracing and out¬ 
lined the work to be accomplished. It is 
hoped that the work of this Committee 
will meet the need for authoritative data 
on brazing, and will serve thereby to pro¬ 
mote the sound use of these processes. 


OBITUARY 
George Terry Horton 

George T. Horton, President of Chicago 
Bridge & Iron Company, died suddenly 
March 19, 1945. Mr. Horton had been 
associated with the company, founded by 
his father, Horace E. Horton, since he was 
graduated from R.P.I. in 1893 and served 
as its president since his father's death in 
1912. 

Mr. Horton was noted as an engineer 
and many of the company's designs were 
developed by him. 

Mr. Horton served as an Alumni Trus¬ 
tee of R.P.I. from 1925 to 1928 and had 
been a Life Trustee since 1929. He was an 
honorary member of the Western Society 
of Engineers and the Chicago Engineers 
Club and participated in the activities 
of the American Welding Society, 
serving as its president in 1939-40. Other 
engineering affiliations include: American 
Society of Civil Engineers, • American 
Society for Testing Materials, Society of 
Naval Architects and Marine Engineers, 
American Petroleum Institute, and Engi¬ 
neers’ Club of New York. 

In the portrayal of Mr. Horton as a 
man we would like to quote the Reverend 
Mr. Clyde McGee of the Bethany Union 
Church, Chicago. 

“He had a whimsical way of saying 
‘Whatever is, is wrong,’ meaning thereby, 
I suspect, that in his view the last word 
had net yet been spoken on any aspect 



George Terry Horton 


of life. What had been done could be 
improved upon. At least in that hope 
one was to labor and toil. He lived with 
face forward and with an unshuttered 
mind. Modesty and humility were a part 
of his very nature. He was a construc¬ 
tive thinker and possessed the gift of im¬ 
agination. He had the artist’s urge to 
give to the work of his hands an ever- 
added touch of thoroughness, skill and 
artistry. As one riding across the country 
catches sight of ‘Horton Tanks’ rising 



# The only reliable guide to future savings is the accurate record of past econ¬ 
omies. And, from coast to coast, users of Sight Feed Generators report reduced 
acetylene costs of about two-thirds—a possible saving of $56,000,000 on the 
$85,000,000 spent for acetylene in cylinders last year. Reduce your overhead! 
Generate your own purer, hotter acetylene. Economize in ’45 with Sight Feed. 
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against the skyline in town and village he 
sees them as expressions of the best work 
being done in that field. But more im¬ 
portant he sees them as products of a 
Company which from its beginning has 
been a producer of other values, more 
mutuality, cooperation and good will, a 
feeling of common interest and common 
purpose running through all the organiza¬ 
tion, giving it a distinctive tone and 
character. In all the processes involved 
in the making and erection of tanks the 
human values were never given a second¬ 
ary place with Mr. Horton. The hum¬ 
blest worker was made to feel his impor- 
tanceto the whole enterprise, his worth was 
given recognition and his fidelity appre¬ 
ciated. Mr. Horton shared his life use¬ 
fully. He touched many hearts with 
kindness." 

In the death of George Terry Horton, 
the American Welding Society and the 
Welding Research Council lost one of its 
best friends. He contributed generously 
and unselfishly to both organizations. 
Although his company is not an important 
user of Resistance Welding, he gave the 
necessary funds to establish one of the 
finest resistance-welding research labora¬ 
tories in the country at Rensselaer Poly¬ 
technic Institute. From this laboratory 
have come the results which have estab¬ 
lished many of the optimum conditions 
for spot welding of steel and the wide 
application of spot welding of aluminum 
alloys in aircraft production. This is only 
one of many gifts to the advancement of 
welding research. 


Those who came in contact with him 
will feel in his passing a real loss and will 
cherish his memory with affection. 


EXECUTIVE COMMITTEE MEETING 

The meeting of the Executive Commit¬ 
tee, A.W.S., held on March 15, 1945, was 
called to order by President Weigel at 
10:10 A.M., with the following present: 
C. A. Adams, O. B. J. Fraser, W. F. Hess, 
H. O. Hill, W. Spraragen, S. A. Greenberg 
and M. M. Kelly. 

Approval oj Change in Technical Activiiies 

Committee Personnel 

With the approval of the Technical 
Activities Committee Chairman, the name 
of Mr. H. M. Priest was offered as a sub¬ 
stitute for Mr. Wilson. 

Filial Report 1942 Welding Handbook 

Committee 

The Executive Committee was enthusi¬ 
astic in its praise of the accomplishments 
of the Handbook Committee, and in vot¬ 
ing the acceptance of its final report the 
Executive Committee asked that the Presi¬ 
dent convey the Society’s sincere thanks 
to each member of the Handbook Com¬ 
mittee, not only for his contribution of 
time and effort in producing so valuable a 
book, but also for making possible the 
turning over of $10,000 to the Permanent 
Reserve Funds of the Society, after insur¬ 


ing a sufficient balance in the Handbook 
account to enable the new Handbook Com¬ 
mittee to commence work on the revised 
edition, when authorized. With the ac¬ 
ceptance of this report, the 1942 Welding 
Handbook Committee was discharged 
with sincere appreciation. 

Consideration was next given to the ap¬ 
pointment of a Handbook Committee to 
undertake the preparation of the revised 
edition—consisting of a Chairman, four 
members at large, and an editor to be se¬ 
lected by the Committee when the per¬ 
sonnel of the Committee, exclusive of the 
editor, is complete. Upon recommenda¬ 
tion of the President, Mr. H. C. Board- 
man was appointed chairman of the new 
committee. 

Discussion centered next on require¬ 
ments of the office of editor and manager 
of publication of the Welding Handbook. 
It was generally agreed that the editing 
and publication management of the Weld¬ 
ing Handbook is not a full-time job and the 
man selected as editor ought to be capable 
of handling other books of the order of the 
Handbook. 

R.W.M.A. $1000 Prise Contest for Tech¬ 
nical Papers on Resistance-Welding Sub¬ 
jects 

Consideration was given to R.W.M.A.’s 
request that the A.W.S. administer this 
contest and appoint three Judges of 
Award. (Editor’s Note: Rules are pub¬ 
lished elsewhere in the Journal.) 

Subject to R.W.M.A.’s approval of in- 
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creasing the number of Judges of Award 
from three to five, it was voted that the 
A.W.S. accept administration of the 1945 
R.W.M.A. $1000 Prize Contest for Tech¬ 
nical Papers on Resistance-Welding Sub¬ 
jects, in accordance with rules contained 
in R.W.M.A. press release dated Febru¬ 
ary 12th. 

Further, it was voted that the following 
be named Judges of the 1946 R.W.M.A. 
$1000 Prize Contest; C. A. Adams, 
Chairman, P. E. Kyle, R. T. Gillette, F. 
R. Hensel, J. H. Cooper. 

Technical Actinties Committee Recommen¬ 
dations 

Safety Recottfmendalions. —It was re¬ 
ported that upon request of the Technical 
Activities Committee, a poll of the Com¬ 
mittee on Safety Recommendations was 
taken to determine the desirability of the 
Society requesting A.S.A. to develop an 
American Standard on Safety in El«tric 
and Gas Welding and Cutting Operations, 
to supersede the American War Standard 
bearing the same title, and the A.W.S. 
sponsoring a Sectional Committee for that 
purpose which resulted in a favorable vote 
of the Committee on both matters. 

In connection with that sponsorship, it 
was pointed out that Rule 24 of Rules 
Governing Technical Corfimittees pro¬ 
vides that, in general, aU specifications and 
recommended practices under the sponsor¬ 
ship of A.W.S. shall be issued at first solely 
by A.W.S., although eventually they may 
become the Standards of A.S.A. 


Upon recommendation of the Technical 
Activities Committee, it was voted that 
the A.W.S. request the A.S.A to develop 
an American Standard on Safety in Elec¬ 
tric and Gas Welding and Cutting Opera¬ 
tions, to supersede the American War 
Standard bearing the same title; and 
further, that the A.S.A. be advised that 
A.W.S. is willing to sponsor a Sectional 
Committee for the purpose of preparing 
such a Standard, if all groups concerned 
so desire. 

Specifications for Steel of Weldable Qual¬ 
ity for Bridges, Buildings and Other Struc¬ 
tural Purposes. —It was generally believed 
that because of the growing demand for 
the use of welding in structural work, it is 
very important that the Society foster 
cooperative action in bringing about the 
issuance of a new A.S.T.M. Specification 
for Weldable Steel, or a modification of the 
present Structural Specification, so as to 
make it usable for welding. 

As a move in the direction indicated 
above, it was voted that letters be ad¬ 
dressed to A.S.T.M. and A.I.S.I. in¬ 
forming them it is the belief of the Execu¬ 
tive Board of A.W.S. that welding is being 
retarded in structural work because of not 
having a steel that is more universally 
weldable, and since welding will play an 
important part in postwar work, it is the 
desire of A.W.S. that consideration be 
given to the development of a Specifica¬ 
tion for steel of weldable quality for struc¬ 
tural purposes, or a modification of the 


present Structural Specifications, so as to 
make them usable for welding. 

Welding Requirements of New York City 
Building Code.-^li was voted that recom¬ 
mendation of the Technical Activities 
Committee, that effort be made to effect 
needed change in the New York City 
Building Code welding requirements to 
bring them in accord with up-to-date 
A.W.S. Welding Standards, be approved, 
and that in transmitting this recommenda¬ 
tion to the Public Relations Committee, 
suggestion be made that that Committee 
confer with the technical committees con¬ 
cerned regarding necessary changes, en¬ 
deavor to obtain a hearing on the matter 
by the proper authorities of the City of 
New York, and appoint an appropriate 
subcommittee representing fabricators and 
the A.W.S. Committee on Building Codes, 
Bridges and Public Relations, to wait on 
the City of New York Building Commis¬ 
sioner, or other authorities having to do 
with the New York City Building Code. 


50TH ANNIVERSART 

The Champion Rivet Co., Cleveland, 
Ohio, and East Chicago, Ind., manufac¬ 
turers of Victor brand steel rivets and 
Champion welding electrodes, celebrates 
the 50th anniversary of the founding of the 
company in April of this year. 





MERCURY RECTIFIERS 
and ' 

GRID CONTROL TUBE^ 


AMONG 

THOSE 

WE 

SERVE! 


Concerned with safety 

precautions and produc¬ 
tion? We supply protection 
and cabinets to meet the 
requirements of the U. S. 
Bureau of Stondards. In¬ 
quiries for plans and speci¬ 
fications to meet your 
porticular problem will re¬ 
ceive prompt attention . . . 
no obligation, of course. 


Mora and more (n important 
piacet UNITED tubes are becom¬ 
ing first choice for fiesistonce 
Welding use. Not only do these 
tubes look better and perform 
better but they overage mony 
thousands of hours satisfactory 
operating life. Next ^ 
time you need tubes 
try United tubes ond 
let the performortce j 

record tell the story. L r i 


Mortin Bomber 
Eclipse Aviation 
Bell Aircobra 
Foirchild Aviation 
Bethlehem Steel 
Plcotinny Arsenal 
Brooklyn Navy 
Yard 

U. S. Bureau of 
Standards 
U. S. Government 
Agencies and 
War Plants 


WR/Tf FOfi 
A TUBS CATALOG 


WRITE FOR BAR-RAY 
CATALOG F-5 


OTHER INSTAUATIONS 
ON REQUEST 


UNITED ' 

ELECTRONICS COMPANY 
NEWARK 2, NEW JERSEY 


BAR.RAT PRODUCTS, INC. 

Office ond Miff: 

209 TWENTY-FIFTH ST., BROOKLYN 32, N. Y. 

TEL SOUTH e-5225 • AGENTS IN PRINCIPAL CITIES 


THE WELDING JOURNAL 


Digitized by 



"Outdated!”.. . ^ cnleA 

LOOK, VIDKUN, OUTDATING occurs only when men take recourse to 

A BETTER WAY 

Such as “Lincolnweld”. . . the New Automatic Shielded Arc Welding Process: 
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with “Lincolnweld” 

Product: Aircraft generator frames, by 
Jack dt Heintz, Inc., Bedford, Ohio. 
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in one pass, \xsmg copper back-up bar. 
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shielded arc welding process can speed 
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cut your costs. Descriptive procedure 
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This company is reputed to be one of 
the largest manufacturers of large diameter 
rivets in the country, and is also a leading 
manufacturer of a complete line of mild 
steel welding electrodes. Their products 
have enjoyed universal acceptance through¬ 
out the world for both peace- and wartime 
fabrication. 


OBITUARY 

Alfred V. DeForest 

Prof. Alfred V. DeForest, noted engi¬ 
neer and a member of the Department of 
Engineering at the Massachusetts Insti¬ 
tute of Technology, died April 5th at his 
summer home in Marlboro, N. H. He 
would have been 57 years old on Satur¬ 
day, April 7th. 

Best known for his development of the 
magnaflux test, a magnetic method of 
discovering defects in metals, he was the 
founder and president of the Magnaflux 
Corp. Many engineering honors were 
conferred upon him, including the Modern 
Pioneers’ Award in 1940 “in recognition of 
meritorious service to industries and to 
mankind in the creation of numerous new 
industries and countless jobs." 

He was bom in New York and was 
graduated in naval architecture from 
M.I.T. in 1912. • 

His first engineering post was in the 
drafting department of the New London 
Ship and Engine Company. A year 



later, he joined the faculty of Princeton 
University as an instructor in engineer¬ 
ing, combining his teaching with advanced 
studies in metallography. 

From 1916 to 1918 Professor DeForest 
was an associate research engineer of 
the Union Metallic Cartridge Co., Bridge¬ 
port, Conn., and from 1918 to 1928 was 
research engineer of the American Chain 
Co. 


In 1936 Professor DeForest won the 
Longstreth Medal of the Franklin Insti¬ 
tute for inventions and meritorious im¬ 
provements in machines and mechanical 
processes. The Institute of the Aero¬ 
nautical Sciences awarded to him in 1938 
the Sylvanus Albert Reed prize for the 
development of a method generally used 
by the aircraft industry for testing metals 
magnetically. He also was a recipient 
of the Dudley Medal of the American 
Society for Testing Materials. 

Professor DeForest joined the faculty of 
M.I.T. in 1934 as an Assistant Professor 
of Mechanical Engineering and was pro¬ 
moted to a full professorship two years 
later. For the last few years he had 
been engaged in important war research. 
He was a widely known yachtsman, 
sailing'his own yacht, ^fe^a K. 

He leaves a widow, the former Izette 
Taber, a daughter, Judith B., and a son. 
Taber. 

Professor DeForest has long been iden¬ 
tified with the welding industry. In as¬ 
sociation with the late Charles A. McCune, 
past-president and treasurer of the Ameri¬ 
can Welding Society, he pioneered in 
the application of the magnaflux in¬ 
spection and detection of defects in welded 
joints—a method now widely used 
throughout the world. At the time of his 
death. Professor DeForest was in charge 
of important investigations for the Weld¬ 
ing Research Council relating to the ef¬ 
fect of restraint, rate of loading and tem¬ 
perature pn the properties of metals and 
welded joints. 
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Metallurgically 

the line of Tube-Turn welding fit- 
ings and flanges is a complete line. 
Piping in distilleries, chemical plants, food 
processing plants, and various other industries 
must often be made of some spedal material. 
To meet this need we are prepared to furnish 
welding fittings in the metals and alloys named 
above. This is in addition to the regular line of 
standard steel Tube-Turn welding fittings and 
flanges of more than 4000 different kinds and 
sizes! 

For prompt helpful service in meeting your 



requirements, standard or special, contact the 
Tube-Turn distributor in your locality. He rep¬ 
resents the line which is complete in more ways 
than one. He carries a comprehensive stock. 
He knows his business and is backed by the 
piping engineering experience of the organiza¬ 
tion that introduced and perfected seamless 
welding fittings. 

S»l»ct»d Tube Turns distributers In every |»rlncl|>d cHy 
ore reedy te serve yeu from c omp l ete stocks 

TUBE TURNS (Inc.), LOUISVILLE 1, KENTUCKY. 
Branch Offices: New York, Chicago, Philadelphia, 
Pittsburgh, Qeveland, Dayton, Washington, D. C., 
Houston, San Francisco, Seattle, Los Angeles. 
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LOUIS EDWARD LEVY MEDAL 
AWARDED TO DR. EKSERGIAN 

Rupen Eksergian, chief consulting engi¬ 
neer for the Edward G. Budd Manufac¬ 
turing Co., will receive the Levy Medal of 
the Franklin Institute this year, according 
to an announcement today by Henry 
Butler Allen, Secretary and Director of the 
Institute. 

The Louis Edward Levy gold medal was 
founded in 1923 to be awarded to the 
author of a paper of especial merit pub¬ 
lished in the Journal of the Franklin In¬ 
stitute, preference being given to one de¬ 
scribing the author’s experimental and 
theoretical researches in a subject of funda¬ 
mental importance. Dr. Eksergian’s prize¬ 
winning paper was entitled, "On the Re- 
*action of Fluids and Fluid Jets," and ap¬ 
peared in the May 1944 issue of the 
Journal. A discussion of rocket propul¬ 
sion and jet drive for airplanes is included, 
together with some phases of the reaction 
of jets, which has been checked against 
experiments of a military character as yet 
unpublislied. 

Dr. Eksergian, who was born in Somer¬ 
ville, Mass., graduated from the Massa- 
chus'etts Institute of Technology with a 
B.S. degree, and later received M.S. de¬ 
grees from both Massachusetts Institute of 
Technology and Harvard University. He 
was also a fellgw at Clark University 
(under A. G. Webster) from which he re¬ 
ceived hi% Ph.D. in Mathematical Physics. 


Eksergian's contributions to present war 
activities were foreshadowed in the first 
world war when, as 1st Lieutenant, Cap¬ 
tain and Major, in charge of Artillery 
Analysis, he analyzed the design of the 
first anti-aircraft gun of the U. S. Army. 
A specialist on artillery and heavy ord¬ 
nance, he now is Special Consultant to 
Major General G. M. Barnes, Chief, Re¬ 
search and Development Service,Ordnance 
Department, United States Army, acting 
as adviser on technical phases of Engineer¬ 
ing and Design. In connection with this 
activity he was co-founder of the Sub- 
Design Office of the Ordnance Department 
at the Franklin Institute. He is also a 
member of Division One, Rational De¬ 
fense Research Committee'^ on Ballistic 
Control and the Design of High Velocity 
Guns. 

Acting as chief consulting engineer for 
the Edward G. Budd Manufacturing Co. 
since 1934, he was responsible for the tech¬ 
nical phase of the Pioneer Zephyr, and 
subsequent stainless steel trains. Ekser¬ 
gian was previously connected with the 
Baldwin Locomotive Works and the E. I. 
du Pont de Nemours & Co. The Insti¬ 
tute’s famous Locomotive No. 60,000, 
driven by thousands of children as one of 
the action exhibits of the Museum, was 
proportioned by Eksergian. 

His contributions to railway engineering, 
particularly in locomotive and car design, 
won him the Henderson Gold Medal of 
the Franklin Institute in 1937. The 


American Society of Mechanical Engineer 
awarded him the Worcester Reed Warner 
Medal in 1939. 

The Levy Medal will be given to Dr. 
Eksergian at the annual Medal Day cere¬ 
monies of the Franklin Institute on April 
18th. 

Dr. Eksergian is a member of the Weld 
Stress Committee of the Welding Research 
Council. 


SUPPORTING COMPANIES 

Ford Motor Company of Canada* 
Limited, Windsor, Ontario, started in busi¬ 
ness in 1904, with one small drill press, a 
freight hoist and seventeen employees. 
Today there are more than 14,000 em¬ 
ployees, all producing for war. During 
World War II Ford of Canada has become 
known as “The Largest Producers of 
Military Vehicles in the British Empire." 
More than 350,000 military vehicles of 
over fifty types, including tracked vehicles, 
have left Ford Canada plants for service 
on the world’s battlefronts. 

The L. A. Young Spring & Wire Corp., 
Detroit, Mich. Plants are located in De¬ 
troit, Mich. (4) j Trenton, N. J.; Chi¬ 
cago, Ill.; Oakland and Los Angeles. 
Calif.; Tulsa, Okla.; Windsor and To¬ 
ronto, Canada. 

Peacetime products are automotive 
cushion spring constructions, mattress 



Chicago Steel and Wire Co. 
103rd St. end Terrence Ave. 


Chicogo 17, llllnou 
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Ouctone AC electrodet are available 
again. This is the famous welding rod 
that was designed and monufaclured 
especially for AC welding. DUCTONE 
AC rods assure low cost of operation. 
They have a high deposition rate and 
ore noted for their ease in striking and 
maintaining on arc. Small sizes are 
good for thin sheet metal. Excellent for 
vertical and overhead welding on DC 
positive polarity. Extruded in all sizes 
from I/IO" to l/d". 


Territorres Available 
far Dislribulo'. 


Best for AC General Purpose 

DUCTONE AC 

(E6011 AND E6013) 
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VERSATILE MODERN 
PRODUCTION TOOLS 
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ALUMINUM WELDERS 

The limited plastic range of aluminum 
alloys has always made the welding of 
these metals an extremely critical prob¬ 
lem, has caused many experts to claim 
that it cannot successfully ne done. That 
it can, has been convincingly proved by 
the development of resistance welders, 
both spot and seam welding types, which 
are now producing aluminum welds of 
such high quality as to be acceptable 
for aircraft and other critical parts. 

The Federal Machine and Welder 
Company recently delivered the largest 
and most modern roll-spot aluminum 
welder ever built, capable of welding 
two sheets up to iit' thickness . . . has 
others available, including spot welders 
capable of welding two aluminum alloy 
sheets up to .125^ gauge at 150 spots 
per minute. _ 


NEW SMALL SPOT WELDERS 

Soon ready for distribution will be 
several improved models of small spot 
welders, so versatile in their usefulness 
and so low in cost that such users as 
garages, small metal fabricating shops 
and factory maintenance departments 
will find them valuable tools. Informa¬ 
tion on them is available through The 
Federal Machine and Welder Company. 


RESISTANCE WELDING IN 
MAINTENANCE 

Speaking of maintenance department 
uses, several plants where application 
of resistance welding would be least 
suspected have found small, low cost 
welders highly profitable for a variety 
of demands, from repairing or making 
of sheet metal safety housings to the 
patching of machine and electrical 
equipment parts. 


2,000 KVA FLASH WELDERS 

Among the recent special machines 
produced by Federal Machine and Weld¬ 
er Company are several 1000 KVA 
flash welders delivered to a foreign 
power as part of a complete production 

S lant for making seven to ten foot 
iameter bearing rings, from hot rolled 
steel bar stock. Coming up are others 
of even greater KVA capacity. These 

P articular rings were for tank turrets, 
ut such welders are adaptable to han¬ 
dling large ring gear blanks, locomotive 
tires . .. many types of bars or rails up 
to 20 square inches cross section. 


OLD TIMER ... NEW SLOGAN 

After several years total absorbtion in 
war work The Federal Machine and 
Welder Company, oldest maker of re¬ 
sistance welding equipment, is plan¬ 
ning its return to active contact with 
peace time fields . . . has a new slogan: 
^'In resistance welding, the name of 
authority'is FEDERAL". 
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inner-springs, mechanical springs of all 
types except leaf springs, garment hangers 
and diversified wire products. 

Wartime products are manifold, the 
most important being the manufacture of 
medium caliber artillery shot and shell. 
For achievement in this field they were 
awarded the Army-Navy "E” at Detroit, 
Mich., Trenton, N. J., and Chicago, Ill. 


SUSTAINING MEMBER 

The J. E. Baker Company, York, Pa., 
was founded in 1889 at Wrightsville, Pa. 
Today the company operates six plants: 
producing dead burned refractory dolo¬ 
mite at Billmeyer, Pa., and MillersvUIe, 
Ohio. In addition, the.company produces 
chemical and fluxing lime at Thomasville, 
Pa.; railroad ballast and crushed stone 
at Blue Mount, Md.; open hearth and 
blast furnace lime stone at Inwood, W. 
Va., and pulverized limestone at Edgar 
Plant, York, Pa. Mr. William H. Baker, 
son of the founder of the company, is its 
present president. The main office is 
located at 114 North George St., York, 
Pa. 


AMPCO-TRODE LITERATURE 

New literature on Ampco-Trode coated 
aluminum bronze weldrod has recently 


been issued by Ampco Metal, Inc., Mil- 
.waukee 4, Wis. 

"Ampco-Trode Welding Technique,” 
Bulletin W-2, is a 32-page booklet, de¬ 
scribing the various methods of welding 
with Ampco-Trode electrodes. Sections 
are devoted to metallic arc, carbon arc and 
oxyacetylene welding. The book is well 
illustrated with diagrams and pictures of 
welding applications. 

"Ampco-Trode Electrodes,” Bulletin 
W-3, is an 8-page 8Vi * 11-in. bulletin de¬ 
scribing in detail the five standard types of 
Ampco-Trode aluminum bronze weldrod. 
Chemical composition and physical prop¬ 
erties are given together with information 
on the uses of the various types. 

This printed material will be sent on re¬ 
quest to those interested in welding. 


RAIL TRAVEL 

When the railroads once again solicit 
patronage instead of pleading with you to 
stay off trains, they’re going to offer a 
whole series of wonderful new cars, com¬ 
fort-designed for the ultimate in travel 
ease and luxury. 

From the familiar commuter local to the 
plushiest of the transcontinental stream¬ 
liners, the carriers are planning revolu¬ 
tionary'new concepts in passenger accom¬ 
modations to make your postwar travel 
faster, safer, more exciting an<f—above all 


—vastly more comfortable than ever be¬ 
fore. 

One of the innovations you f-an antici¬ 
pate is a "Day-Nite” coach, which was 
viewed in New York recently along with 
other models and full-color drawings by 
railroad men at a special, private showing 
sponsored by Pullman-Standard Car Manu¬ 
facturing Co., whose engineers and de¬ 
signers created these startling new cars. 
Welding plays an important part in these 
new luxury cars. 


SELECTING AUTOMATIC 
ARC-WELDING EQUIPMENT 

An extremely practical and informative 
bulletin entitled, "How to Select Equip¬ 
ment for Unamatic Arc Welding,” is now 
available without charge to any compa¬ 
nies using or planning to use automatic 
arc welding. This bulletin authorita¬ 
tively covers the following points: 


1. 

Direct current. 


2. 

Alternating current. 


3. 

"Open Arc”—using light 
wire. 

coated 

4. 

"Protected Arc”—using light coated 
wire and tape. 

6. 

"Concealed Arc”—using 

light 


coated wire with granular flux. 


For a copy write Una Welding, Inc., 
1616 Collamer Ave., Cleveland 10, Ohio. 




To Measure^Workmg Temperatures 


The TEMPIL** method gives you o quick, 
simple and occurote means of measur¬ 
ing working temperatures under various 
conditions of heating. All three forms of 
TEMPIL^ products melt sharply at pre¬ 
determined temperatures with a mean 
accuracy of within 1 %. 

TIMPILSTIK*’ for generof use. "Simply moke 
a eroyon-lflie mork H'lffi fhe approprial* 7EM- 
FILSTIK° on the surfoce to be heoted. Avo/tobfe 
from 725” to 350”f in 25” slept and from 
400” to 900”f in 50* steps. 

TEMPIL” PELLETS* Use where conditions pre¬ 
vent close observotion during healing opera” 
lions, r^voilobte from 725* to 350°F in 25” 
slept, and from 400” to 7 500”F in 50° steps. 
TEMPILAQ” liquid Form. Use for areas not 
reodily oecessibfe and for glazed and polished 
surfoces. /kvoifebie from725° to 350°Fin 25” 
steps, ond from 400° to 7500”F in 50” slept. 
Write today for TEMPIL” Preheating 
Chart, TEMML” scale for weld bend 
testing, and complete information on 
TEMPIL” products. 



CLAUD Se GORDON CO* 

nicnmnHC.nviiMiniT cnivirr TiHffSATustcoKTMi.MnAuwcicALTcsTiM 
UtUnunnb-lUUrntni-oiRlllc iNDvsitiAi ruRucu • consviting • x-sAt 

3001 SOUTH WAllACt STSfET • CHICAGO !«. lUINOlS 
niA EUCLID AVENUE • CLEVELAND 3. OHiO 



CHAS. EISLER 
EISLER ENGINEERING CO. 

779-SO. laib ST. N... AVOK ave NEWAHK.3 N J 


We manufacture a complete line 
of resistance spot welders from 
14 to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 

TRANSFORMERS OF AU. TYPES 

WE INVITE CONTRACT SPOT WELDINO 
IN LARGE OR SMALL QUANTITIES. 
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0 Now Brownie 

Is HappY With A.C 


I HEARD a stricken moan and looked 
over at Brownie, my boss. He’s our 
Purchasing Agent and so has a right to 
look unhappy—decent supplies being as 
scarce nowadays as prospective hus¬ 
bands. But I never did see him look this 
sunk before. 

“Miss Jones,” he groaned, meaning 
me, “I got troubles. For years our Weld¬ 
ing Department has done a swell job 
with D.C> equipment and Mures elec¬ 
trodes. You know: FHP for downhand 
work, Fillex for fast fillet welding. Genes 
for tacking and fitup. Type M or Type 90 
for high tensile steels, and so on. Now 
the department’s installing some A.C. 
units, and 1 have to try to locate and stock 
a whole new group of electrodes. I feel 
like sticking my head in an eight-ton 
drop hammer and Ending It All.” 

**You’U do better,” I said, “to stick your 
head in the Welding Department and ask 
for Joe, the foreman. And I’m going 


with you, to see you two don’t come to 
blpws about this.” 

Bet Joe, who’s the escitable kind him¬ 
self, just sort of tut-tutted poor Brownie’s 
worries. 

I 

“Mr. Brown,” Joe said, grinning, 
“every pound of Mures we have in stock 
works on both D.C. nm/A.C, including 
the Stainless. In faa, one of our A.C. 
units is already running, and going along 
swell on Mures.” 

Brownie practically collapsed on the 
nearest chair, he was that relieved. 1 felt 
the same way, knowing what troubles 
Joe’s knowledge of Mures had saved me. 

“And while you’re here,” Joe smiled, 
“you might take a request. Stock me 
some Mures Type A for vertical and 
overhead work on A.C., and some of 
their Alternes, which also does an extra¬ 
swell job on A. C. Meanwhile, forget 
your worries. Except for their type E601 2 
and £7012, practically all regular Mures 


electrodes work as well on alternating 
current as on direct.” 

P.S. Miss Jones back again. I found 
out later how Joe happened to know 
things about Mures my own boss didn’t 
know. He has one of those big Mures 
wall charts, dividing their thirty-odd 
electrodes by use on mild steels, low 
alloys, stainless, and hard-surfacing. It 
also shows at a glance the AWS-ASTM 
grade, polarity, current, etc., of each 
electrode. I wrote for one for Brownie, 
and I think no Purchasing Agent in a 
plant that does welding should be with¬ 
out one. You just drop a line to: 

METAL A THEEMIT 
COaPOBATION 

120 BROADWAY, NEW YORK 5, N.Y, 

ALBANY • CHICAGO • PITTSBURGH 
SO. SAN FRANCISCO - TORONTO 
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mCO DEVELOPMENT AND RESEARCH 
DIVISION CREATES NEW SECTIONS 

T. H.'Wickenden, Manager of the De¬ 
velopment and Research Division of The 
International Nickel Co > Inc., announces 
the formation of the following newly 
created sections of the Division: Industrial 
Chemicals Section to be headed by O. B. 
J. Fraser; Corrosion Engineering Section, 
with F. L. LaQue in charge; and Iron and 
Non-Ferrous Casting Section, headed by 
Donald J. Reese. 

Mr. Fraser has directed International 
Nickel’s investigational work at Mellon 
Institute of Industrial Research, Pitts¬ 
burgh, Pa., on certain problems in the 
chemistry and technology of nickel em¬ 
bracing particular attention to the prepara¬ 
tion, properties and uses of nickel com¬ 
pounds, especially organic derivatives and 
nickel cat^ysts. Through the Industrial 
Chemicals Section now established, Mr. 
Fraser can further expand the company’s 
interests in this direction. He continues as 
Director of Technical Service of Inter¬ 
national Nickel’s Mill Products, a position 
he has held since 1934. Mr. Fraser re¬ 
ceived his B^helor of Science degree in 
Metallurgical Engineering in 1916 from 
Queen’s University, Kingston, Ontario. 
He has been associated with International 
Nickel since 1917. He is Treasurer of the 
American Welding Society, Chairman 
of the Nickel Alloys Committee of the 
Welding Research Council, and Chairman 
of the Subcommittee on Refined Nickel and 
High Nickel Alloys, Cast and Wrought, of 


Committee B-2, of the American Society 
fos Testing Materials. 

Mr. Wickenden states that the function 
of the newly created Corrosion Engineer¬ 
ing Section under Mr. LaQue will be to 
coordinate the broad interests of the com¬ 
pany and its customers in the choice and 
applications of nickel-containing alloys 
where resistance to corrosion is required. 
After receiving his degree of Bachelor of 
Science in Chemical and Metallurgical 
Engineering from Queen’s University in 
1927, Mr. LaQue joined the Development 
and Research Division of International 
Nickel. Between 1937 and 1940 he was 
Assistant Director of Technical Service 
on Mill Products and since April of 1940 he 
has been engaged in development activi¬ 
ties on all applications of both ferrous and 
non-ferrous nickel-containing alloys. He 
is chairman of the American Coordinat¬ 
ing Committee on Corrosion created to 
correlate American and British corrosion 
data. 

As head of the Iron and Non-Ferrous 
Casting Section, Mr. Reese will coordinate 
more closely International Nickel’s de¬ 
velopment work on cast iron, malleable 
iron, cast brass and bronze. He has just 
recently resumed his duties with the com¬ 
pany’s Development and Research Divi¬ 
sion after having been with the Steel Divi¬ 
sion of the War Production Board at 
Washington for almost three years. Mr. 
Reese joined International Nickel in 1936. 
He is the author of numerous technical 
papers on foundry operation and is a well- 
known speaker throughout the industry. 


In 1941 he was awarded the J. H. Whiting 
Gold Medal of the American Foundry- 
men’s Association for outstanding contri¬ 
butions to the foundry industry and the 
Association through his work in the im¬ 
provement of cupola melting methods. 
He was graduated from the University of 
Michigan in 1925 with a degree of Bache¬ 
lor of Science in Chemical Engineering. 
Mr. Reese is past chairman of the Chicago 
and the Metropolitan Chapters of the 
American Foundrymen’s Association. 


SIMPLE HOSE SUPPORT* 



When desirable to suspend hose from 
above to pro^ct it from damage and also 
for working convenience, this hose support 
is easily made. Use several on long hose 
line. 


* Reprinted from Welding ''Sparks." Monthly 
Publication of the St. Louis Section of the Amer¬ 
ican Welding Society, Vol. 1. No. 1. March, 1945. 



BETTER WELDING 

at 


LOWER COST 



THIS HALF 


UNTREAnD 


FREE 

SAMPLE 


NO-SPAT 


The Welding Fluid 
That Is Non-Toxic 


THIS KAIP 


TREATIO 


WTH 


NO-VAT 


NO-SPAT praranta wald- 
ing apattar from adharing 
to matal enriacae — pro* 
tacia matal agalnal mat — 
aavaa tima and labor ooala. 
Eapadally valuabla la 
kaaplng watding (iga 
Unbiaaad adantlflc 
taala abow NO-SPAT main- 


♦■tw majdmnm waldlng atrangtb — raduoaa fomaa 30 parcant — doaa 
not prodnoa oarbon monorida. Eztiamaly inaxpanalva. No mixing ra- 
qoizad. No Uma waatad. Apply and'ataxt waldlng at onoa. Wrlla for 
FREE SAMPLE and datailad angiaaarlng taal BullaUn. 

THE MIDLAND PAINT & VARNISH CO. 

Bmo Awmo* ClHWHlaad S, Ohio 



BRASS MAKis 8ULISTS 


RE^O Gas Plant Equipment to be 
safe, must be made of brass and 

other critical metals. 

Conserve your equipment 



^ASTIAM-BLESSINIP 


4241 W. PETERSON AVE 


CHICAGO 


Pioneers and Manufoctureis oi Piecision Equipment for 
Using and Controlling High Pressure Gases 
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ClAD STEEL is no harder than steel welding 

if you follow a few simple rules 


In oil kinds of welding, proper preparation of the 
weld is more than holf the bottle. This is especially 
true in the case of welding clad steels. Here are a 
few tips on welding Nickel or Nickel-alloy clad steel. 


WELDING THE STEEL SIDE 

A butt joint should be used whenever the nature 
of the work permits. An exception occurs in the 
field erection of large storage tanks, where lap 
joints may be required. The most common (and 
preferred) procedure in arc-welding butt joints is 
to weld the steel side first and then the clad side. 

PREPARATION OF THE STEEL SIDE 



One error frequently encountered in welding clad 
steel is the grooving of the plate edges to leave a 
steel land greater than 1-16". This is accepted steel 
practice, but in the case of clad steels too thick a 
land will make it impossible to secure proper pene¬ 
tration of the steel on the first pass. For proper 
penetration never leave a steel lip thicker than 
1-16" above the cladding metal. If this precaution 
is followed, it will not be necessary to cut a deep 
groove in the clad side in order to reach sound weld 
metal. By avoiding such a deep groove, you reduce 
the chance for iron pick-up and also make it easier 
to manipulate the electrode. 

For the steel welding, any flux-coated electrode 
conforming to A.W.S. E 6010-11-12-13 grades may 
be used. 


WELDING THE CLAD SIDE 

After the steel side has been welded, the clad side 
of the butt joint should be chipped out to clean, 
sound steel weld metal and welded with suitable 
Nickel or Nickel-alloy electrodes. 

PREPARATION OF THE CLAD SIDE 



Correct Contour of Chipped Groove 



Incorrect Contour of Chipped Groove 


The choice of electrodes will be governed by the 
type of cladding. For example, on Vg" 10% clad¬ 
ding, the following electrodes and amperages are 
recommended: 

for NICKEL-CLAD STEEL—Use “131” Nickel Rod 

First pass; Vi" diameter rod— 125-130 amps. 
Second pass: % 2 " diameter rod — 160-165 amps, 
for “L” NICKEL-CLAD STEEL—Use “136” “L” Nickel Rod 
First pass: Vi" diameter rod — 120 amps. 

Second pass: % 2 " diameter rod — 155-160 amps, 
for MONEL-CLAD STEEL—Use “130X” Monel Rod 
First pass: Vi" diameter rod —90 amps. 

Second pass; Vi” diameter rod —95 amps, 
for INCONEL-CLAD STEEL—Use “132” Inconel Rod 
First pass: Vs" diameter rod — 80 amps. 

Second pass: Vi" diameter rod — 90 amps. 

In welding any type of clad steel, it is good prac¬ 
tice to chip out half of the first pass made on the 
clad side. This will reduce iron dilution in succeed¬ 
ing beads. 

The over-all requirement in building clad steel 
equipment is to provide a continuous surface of 
the cladding metal. This is readily accomplished 
between plates in butt and lap joints by the welded 
seam itself. However, at manholes, flanges, gasket 
surfaces, etc., a sheet covering or layer of weld 
metal is necessary. Overlaying is easily done by 
arc welding with the appropriate electrode. 


Bulletin T>4, '‘Methods for the Fabrication of Clad '-ir 


Steel Plate,” contains general precautions to be ob- [ 
served in handling clod plate, sketches of methods 
for providing continuity of the cladding surface, 
recommended welding procedures, and other infor¬ 
mation hslpful to welders. SEND FOR YOUR COPY. 

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 



' '"V. ."’v -“.'t 
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BRAZING NEWS 

A “Low Temperature Brazing News” 
bulletin, No. 31, has been issued by 
Handy & Harman, 82 Fulton St., New 
York 7, N. Y. A copy of this pamphlet 
will be mailed to anyone upon request. 


PROPOSED AMERICAN WAR 
STANDARDS FOR RESISTANCE 
WELDING, C52.3, C52.4, C52.5 

The War Committee on Resistance 
Welding has now completed its considera¬ 
tion of three proposed American War 
Standards: 

C52.3 Straight and Offset Resistance 
Welding Electrodes and Electrode 
Holders. 

C52.4 Controls for Resistance Welding 
Machines. 

C52.5 Specification for Resistance Weld¬ 
ing Machines. 


MANNING PROMOTION 

A new partner, Henry S. Lewis of Union, 
N. J., has been added to the firm of Man< 
ning Welding & Engineering Co., Inc., of 
30 Ogden St., Newark, N. J. While 
enlarging their present scope, Manning 
Welding will also establish a new division 
under the name of Manning & Lewis and 


will design, manufacture and market to the 
trade a complete line of heat exchanges. 
Mr. Lewis had had over 18 years’ experi¬ 
ence in this field and is an authority in all 
its diversified branches. 


SALVAGING CAST-IRON GAS VALVE* 

This story has to do with the successful 
salvaging of a 24-in. diameter cast-iron 
gas valve by a large industrial gas com¬ 
pany throu^ the use of heavy-coated 
aluminum bronze electrodes. The gas 
valve is used on a carbureted water gas 
machine which necessitates the valve's 
opening and closing every 3 min. The 
constant operation subjects the seats of 
the valve to a tremendous amount of 
abrasive wear and erosive action, making 
possible a normal operating life of only 
4 months. The valves have a weight of 
770 lb. and in this particular instance have 
two seats, both of which were so badly 
worn and eroded that the valve was no 
longer serviceable. 

The original price of the valve casting, 
including finish machining, was $130.39. 
The total cost of reclaiming the valve by 
welding, including the necessary machin¬ 
ing operations, was $66.13. 

On this application, the usual recom¬ 
mendations for the use of coated aluminum 
bronze electrode on cast iron were fol- 


* Reprinted from Welding “Sparks,” Monthly 
Publication of the St. Louis Section of the Amer¬ 
ican Welding Society, Vol. 1, No. 1, March, 1945. 


lowed. Normal recommendations for 
overlaying cast iron are to use a relatively 
low current with a rapid weaving motion, 
which tends to distribute the heat and pre¬ 
vent deep penetration. As no penetration 
is desirable, the electrode is directed back, 
so that the arc plays on the deposited 
aluminum bronze and, in effect, the heat 
of the arc is passed through this molten 
deposited metal to the base metal. The 
surface of the cast iron was prepared by 
thorough cleaning, which included the 
removing of all grease, rust and foreign 
deposit on the cast iron. The valve was 
further prepared for welding by undercut¬ 
ting each 2^in. seat Vt in- deep to insure 
the removing of all worn and eroded base 
metal. This undercutting also provided 
depth so as to have an all-weld metal de¬ 
posit when the valve was finish machined 
for service. 

Before welding, a large gas torch was 
used to preheat the entire valve to 400” 
F., whi<^ temperature was maintained 
during the time of welding, except for 
slight reduction in temperature which took 
place during the remoi^ of slag from each 
deposited layer. 

*/irin. diameter electrode was used in 
depositing the overlay on the faces of the 
1-in. wide valve seats. A down-hand posi¬ 
tion was maintained, using a regular back- 
step procedure to minimize the formation 
of stress in the cast iron. A weaving mo¬ 
tion was followed across the 1-in. face, and 
deposited for a distance of about 6-in. 
measured along the circumference. A 
new deposit was then started directly op- 



KRE-CO ALUMINUM BRAZING 

ELIMINATES WELDING PROBLEMS 


KRE-CO ALUMINUM BRAZING PROCESS 
makes brazing possible at a temperature safely below 
the melting point of the parent metal. It Speeds 
production—Reduces finishing costs—Cuts rejections 
to a minimum—Lowers gas consumption—Halves 
new operator training time^ Makes a perfect bond. 
The process includes the use of KRE-CO ALUMI¬ 
NUM BRAZING FLUX and a standard 5% Silicon 
Rod. Send for Bulletin M 4. 


KRE-CO MULTICHEMIC FLUX 

DIVISION OF 

CHARLES W. KRIEG CO. 

52-60 Dickergon St. Newark 4, N.J. 



Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTI-BORAX” 

Ask for Them Unequalled for Quality 

A Flux for every metal: Cast Iron Welding Flux 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4 
for bronze-welding cast iron; **ABC*' Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; No. 16 Silver Solder 
Paste Flux. * 

ANTI-BORAX COMPOUND COMPANY ' 

Fort Wayne* Indiana 
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with Aireo Metai-working Methods 



Arc WcWing » the widely* 
wMd modem method of (eln* 
fng metal part* into ctrong, 
light, "ono'pieco" unit*. 
Teomed with machine go* 
cutting, this modern process 
provides unusually fdst, eco* 
Homieal fabrication for oil 
types of metal products. 


Bros* Welding Is o lew-cost 
moons of repairing cracked 
or fractured industrial mo* 
chines ond ether equipment 
mode of cast or molleable 
iron. It also save* time and 
money In building up worn 
surface* such a*‘ gear teeth, 
valve discs and seats, 
pistons and similar parts. 




Hand Cutting it another oxyacetylene process that enjoys 
wide usage throughout Industry. It saves vital time on 
many jobs trimming and beveling of pipe and platO} 
squaring) dismantling; and many ether production, main* 
tenonce and salvage operations. 



name Cleaning ond Dehydnrting prolongs paint life on metal structures and equipment by 
providing a warm clean surface that makes paint coats hold better, last longer. It quickly 
loosens scoie and rust, permitting their easy removal. It ts equally effective for preparing 
unpointed metal surfcKe* and for removing old paint and rust. 



1. Manual and AutomoHe 

Oas Wolding 

2. Low Tomporohiro Brazing 

3. Plata odgo praparotion 


4. Hallum*ShialdadArcWaIding 

5. Flama Haidaning 

6. Flam# Spinning 

and Forming 


7. Flamo Hooting (for bonding, 

toHoninq, tfronglhoning) 

8. Flamo Oouging 

9. Flamo Nicking 


10. Hard Facing 

11. Pipo Wolding; 

Gos or Arc 

12. Flamo Doccallno 



Air Repitctioiu 


Generel Offices: 60 EAST 42nd STREH, NEW YORK 17, N. Y. 
lit Texas: MAGNOUA AIRCO GAS PRODUCTS CO. • General Offices: HOUSTON 1. TEXAS 
Offices in all Principof Cities 
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Walding Pip* 


posite on the face of the valve so as to dis¬ 
tribute the heat and minimize stress con¬ 
centration. The entire side of one face 
was first completed using this technique, 
and the valve was then turned over and 
the olher face overlayed in exactly the 
same manner. The first layer on each face 
was deposited at 165 amp. and 30 volts, 
this being enough heat to make the metal 
flow freely without geUing the penetra¬ 
tion, and consequent objectionable 
amounts of iron pickup. All additional 
layers were deposited at 225 amp. and 31 
volts. Three layers were requir^ on each 
face to insure a deposit of Vi-in. depth. 
This depth was necessary to make sure the 
weld deposit would clean up when finish 
machin^ and leave approximately Vs iu. 
of overlay. After the aluminum bronze 
had been deposited so as to make it pos¬ 
sible to obtain the desired depth of overlay, 
the valve was mounted on a welding posi¬ 
tioner so that it could be rotated while in 
a vertical position, enabling the operator 
to deposit weld metal on the inside diame¬ 
ter so as to even out some of the spots 
where the horizontally deposited weld 
metal did not roll out far enough to be 
flush with the edge of the face. 

At the present writing, it is not possible 
to give complete information as to the 
wear resistance. However, after two 
months of service, the valve was examined 
and foimd to be in excellent condition, 
with very little evidence of wear. The re¬ 
sults of this inspection and knowledge o‘ 
the service characteristics of aluminum 
bronze indicates a probable service life of 
12 months or more. 


WELDING PIPE 

The welding of odd-shaped pipes for 
cargo ships and tankers has been greatly 
speeded up by this War Production Sug¬ 
gestion of Fred Craytor, a welder at 
Marinesbip Corp., Sausalito, Calif. 

A roller stand and positioner rotates the 
large, odd-shaped pipe so that the welding 
is easily and quickly accomplished. This 
device consists of a stand, welded from 
steel salvaged in the shipyard, which holds 
the various sizes of pipe securely against 
drive rollers by pressure rollers. The speed 
of the drive rollers and the rotation of the 
pipe are controlled by a foot throttle oper¬ 
ated by the welder. This permits the 
welder to weld on top of the pipe, always 
in the most convenient downhand position. 

The old method made it necessary to 
weld all around the pipe which was slow 
and often very difficult to reach points 
underneath. Frequently it required the 
use of chain blocks and smalt cranes in 
order to turn the pipe so that it might be 
welded. 


The prcxluction of these odd-shaped 
pipes has been increased 33*/*% and, be¬ 
sides being a big safety factor, has com¬ 
pletely eliminated the tying up of cranes 
during the welding. 

Data and photo cotutesy, The Hobart 
Brothers Co., Troy, Ohio, 


LOW TEMPERATUP JOINING IN 
PRODUCTION 

A new and attractive 4-page folder re¬ 
cently issued by the Eutectic Welding 
Alloys Co. explains the use of EutecRods 
and EutecTrodes in the production weld¬ 
ing field. 

Among the outstanding features claimed 
for the rods are: unusually low bonding 
temperatures that prevent distortion; less 
preheating of parent metal required; less 
after-machining and cleaning; establishes 
a greater strength than brazing, with less 
rejects; and insures a greater all-around 
economy during use. 

Specific applications, uses and specifica¬ 
tions on design and procedure of the vari-' 
ous rods are also featured. A full-page 
assortment chart designed to aid engineers, 
technicians and welders in selecting the 
proper rod for their particular job is in¬ 
cluded. 

Copies of "Eutectic Low Temperature 
Welding Alloys" can be secured, without 
charge, by writing directly to Departruent 


A-1, Eutectic Welding Alloys Co., 4Q 
Worth St.. New York 13. N. Y. 


HARD FACING PIPE BENDS* 



The inside surface of pipe bends in air- 
conveyor lines can be hard faced inexpens¬ 
ively by cutting out the outer half of the 
bend of pipe, applying a ‘/s-in. deposit of 
chrome-cobalt-tungsten hard-facing alloy 
to the inner face of the pipe, and welding 
the piece back in place. The alloy is left 
as deposited. 

* Reprinted from Wetding "S^rks," Monthly 
Publicntion of the St. Louis Section of the Amer¬ 
ican Welding Society, Vol. 1, No. 1, March. 1945 


FLOATING STEEL DRY DOCK 

This view illustrates the mobility of the 
repair equipment being built for the Navy. 
It shows a welded floating steel dry dock 
being towed away from the Chicago Bridge 
& Iron Co.'s yard at Eureka, Calif., where 
it was built. Official U. S. Navy Photo 



Floating Steal Dry Dock 



ELECT/td^Y"Jat RESISTAj)y:E WELDING 



OFFSET HOLDER ThE ElECTROLOY G). Inc. t600 SEAVIEWW^.BriOGEPORT.CoNN. 
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A stable high vacuum is essential to the 
production of an electron tube if it is to 
give uniform, predictable performance. But 
ttwre is much more to the process of getting 
a vacuum than just pumping. 

Molecules of gas are not only present 
within the space inside the tube, and inside 
the metal parts, but also adhere tenaciously 
to all inner surfaces, or are "odsorbed". 
There is a special Machlett technique for 
dislodging those molecules. During pumping 
both the glass and the metal are brought 
to high temperatures. Cathode and anode 
Ore heated alternately many times, in order 
to capture molecules that are driven from 
one surface to the other. Most important of 
oil, the tube is actually operated at voltages 
for in excess of values generally used in 
the vacuum tube held. All this takes many 


including Machlett-designed pumps and 
other equipment, and the highest skills of 
laboratory-trained technicians. 

Thus when the tube is finally sealed we 
know the heat of operation cannot free 
enough molecules to affect its performance 
in your hands. This Machlett technique was 
developed for our X-ray tubes, and was in 
part responsible for the Machlett reputation. 
When we t>egan the manufacture of radio 
and industrial oscillators, amplifiers and 
rectifiers, the same methods of capturing the 
molecules were adopted. That is one of 
the many reasons why users of Machlett 
radio and industrial tubes join with medical 
and industrial users of Machlett X*ray tubes 
in praising their reliability and ecortomy. 
it will pay you to buy Machlett tubes. For 
information as to available types, write 


Pursuit 
a 

molecule 


fG-50—on X-ray tube with beryllium windowfar 
radiography of light materials and thin sections. 


RAY TUBES SINCE 1897 


hours, the use of perfected apparatus Machlett Laboratories, Inc, Springdale, Conn. TODAY THEIR LARGEST MAKER 
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THE U.S.S. BELLATRIX 

"The men and women, Tampa Shipbuilding 
Co., Inc. 

"Special tribute to the performance of 
the U.S.S. Bellatrix, former Maritime Com¬ 
mission Hull 126, built in your yard, is 
contained in a report received from Vice- 
Admiral ■ R. K. Turner, Commander of 
Amphibious Forces, U. S. Pacific Fleet- 
Admiral Turner states that this attack 
cargo ship has rendered consistently fine 
service in practically every major amphibi¬ 
ous campaign against the Japanese. 

"This AKA earned the title, ‘Galloping 
Ghost of the Solomons Coast,’ by suc¬ 
cessfully running the gantlet of enemy at¬ 
tacks many times in carrying vital supplies 
to our amphibious forces. The Bureau 
commends you for this excellent vessel.— 
E. L. Cochrane, Rear Admiral U.S.N.. 
Chief of the Bureau of Ships." 


"The Battlin' Bell" 

The wandering ghost of the- Solomons 
Coasts 

Came in again today; 

Her holds had loads of stuff that explode.s, 
Her deck-load, too, was gay. 

She had traveled bold with her valued load 
All over the Coral swell; 

Jap Ambers sought, but all for naught, 
To bottom "The Battlin' Bell.” 

A triple threat, a battle-scarred vet, 

Alone today she arrived; 

Cargo, tanker, cruiser, her role as each 
amused her 

Of thrills she wasn’t deprived. 

Our fliers who espied "The Bell” on high 
Let loose a mighty roar; 

"Your fox holes, boys, there’ll soon be 
noise 

Of bombs and shells galore.” 

When’er "The Bell” came, the Japs did 
the same. 

Hunting this mighty Queen; 

The Marines disturbed and quite per¬ 
turbed, 

Shunned her as one unclean. 

"The Bell” unloaded the stuff unexploded. 
Finished the work begun; 

Her head’s now high, her jaunt’s so spry. 
The Admiral says: "Well Done.” 

p 


By Captain H. R. Tibtz, USMCR 
The Ship’s Transport Quartermaster 

Dedicated to 

The Captain, Officers and Men 
of the 

U.S.S. Bellatrix 


WELDING MAGNESIUM ALLOY DIE 
CASTINGS* 

In some castings */u-in. thick with 10-32 
tapped holes in them, the threads had been 
stripped and it was necessary to weld them 
up and retap them. A number of ways to 
weld them were tried but resulted in po¬ 
rosity in the weld metal due to the escaping 
gas ftom between the layers of the casting. 
Finally a successful weld was made by 
Countersinking the hole and preheating 
about 1-in. diameter area around hole to 
allow gas to burn. After making the weld 
with low temperature alloy the metal was 
very readily tapped. 

* Reprinted 1from Welding "Sparks,'' Monthly 
Publication ot the St. Louis Section of the Ameri¬ 
can Wei ding Society, Vol. 1, Nb. 1. March. t94&. 



President Visits Louisville Section 


The photograph above shows Mr. R. E. 
Fritsch, (left) President of Tube Turns and 
toastmaster of the Louisville Section of the 
A.W.S., and Mr. A. C. Weigel, (right) 
President of A.W.S., whom he introduced 
at the February meeting of the Louisville 
Section. Mr. Weigel was guest of Mr. 
Fritsch on a tour of the Tube Turns plant 
during his visit. 
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Employmen 
Service Bulle 

POSITION VACANT 

V-168. Welder Poreznaii. Ex] 
man thoroughly familiar with i 
welding of carbon steel and stain 
sheet metal parts for aircraft. V 
proved supervisory experience 
pable of instructing welder-trainee 
giving full particulars as to age, c 
and salary desired. 


WANTED-WELDING 

* I 

I 

V-160. Preferably a man of alj 
35 years of age. Wide kooii 
welding with editorial backgroo 
sist committees in the preparatio 
neering information on weldin 
full experience and salary desired 
nent position for right man. 


SERVICES AVAILABUI 

A-497. Metallurgist desires i 
Age 27. Draft status 2B until j| 
No physical defects. Gradua | 
University of Michigan. B.S. in 
gical Engineering. Graduate > 
high University, 1939 to 1940 
Metallurgist, National Tube Co 
1942; Assistant Welding Engine 
trial Test Laboratory, Philadelf 
Yard, to November 1944. A' 
Metallurgist with Crucible ; 
Would like position utilizing exp 
welding research work. 

A-498. Welding Shop Supei 
with ten years' practical exj>eTiei 
acetylene, arc welding and bum-, 
employed as Superintendent of 
ing low-pressure tank work. , 
set up production procedures a. 
men. Considerable mechanical i 
which should be helpful in pr 
velopment. Also experiencc-d, 
tank shop operations, maintrn.in 
shop welding and two years o. 
shop work. 


Dinitiy^d hv 


Gooq e 



Hi^NDY & HARMAJV 


82 FULTON ST., NEW YORK 7, N. Y. 

Bridg.peH, C«iM. > Oii(«g», IH. • Im Anf«tat, C«i. • Prsvidmtc. R. I. « ToranM, Canada 

Agents in Principal Cities 


HOW TO GET A STEADY STREAM 


OF RELIABLY BRAZED PARTS 

r-i 


SILTOSotUSYFUa 


Ar Mf — Tnp r«T«tin9 otMAt* 
bli«» ara CQrnatf b«lw»«n twg 
roRvt of butnort Tim« 

por body tfirow^b iKe hoot<n9 
tMtion^^ly 63 t««ond«. Fro* 
dvctioA n 660 p«r boor, with 
tfco fivoton olompM olttmnotod 
ftom tbo octvol btoilna 


An example of the effective application of this 
procedure is illustrated—the braxing of adapters 
to hand grenade bodies. With a simple conveyor 
set-up and gas-air heating, a production of d^O 
brazed assemblies per hour is readily maintained. 


GET THE FULL STORY IN 
THESE TWO BULLETINS 

BULLETIN 12-A tells you all about SIL-FOS 
and EASY-FLO and the reasons for their remark¬ 
able brazing speed, strength, reliability and 
economy. Also gives you a lot of valuable infor¬ 
mation on joint designs, heating methods, etc. 

The SILVER ALLOY BRAZING reprint gives 
you the full story of the hand grenade job and 
describes a number of other jobs on which simi¬ 
lar fast production methods were used. 

Write for copies of these two bulletins today. 


Thousands of SIL-FOS and EASY-FLO users 
have worked out effective methods of taking full 
advantage of the fast brazing action of these low 
temperature silver alloys. Out of these methods 
has come a clear-cut bas/c procedure which can 
be readily adapted to obtain any required braz¬ 
ing production. Here are the simple basic 
steps to follow: 

1. Preplace the^alloy at the joints in wire, 
wire ring, washer or strip form, depending 
on the type of joint. 

2. Use a fast fiand/rng set-up to keep parts 
moving steadily through cleaning, fluxing, 
assembling and heating operations. 

3. Use a fast heating method —oxyacetylene 
torch, furnace, induction, gas-air, etc., pref¬ 
erably with the heating time and tem¬ 
perature under automatic control. 


Al CASY-HO rina 

on 4 hgrtd 9 r»i>od* b^dy bgdiet get 
firm* 
Ihats 
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NEW PRODUCTS 

The Society assumes no responsibility 
for the validity of claims in this Section 


MULTI-PURPOSE WELDING 
POSITIONER 

The latest design in powered welding 
positioners is introduced by the Standard 
Machinery Co. of Providence, R. I., for 
rotating work up to 700 lb. at speeds from 
0 to 2.4 rpm. in either direction by easy 
hand whed control. The unit will accom¬ 
modate table speeds up to 180 in. per 
minute with a work radius of 1 ft. Linear 
speeds at all radii are easily set and in- , 
dicated on scale located on side of frame. 

The machine has proved adaptable for 
moving work past the torch and quench in 
dame-hardening operations. The table 
can be removed easily and various jigs 
attached directly to the spindle. Also, the 
work mounted on positioner table may be 
tilted to any angle, permitting worker to 
operate at one position and so facilitate 
the inspection of parts or assembly opera¬ 
tions. , 

Height of the table is adjusted between 
.30 and 36 in. from the floor by means of its 
elevating screw. Hand operation of a 
latch permits rotation of the screw with 
respect to its supporting sleeve, in a 
manner similar to the raising or lowering 
of a piano stool. 

Tilting of the table through 135“ from 
the horizontal is controlled by a spring- 
centered handle which the operator moves 
through an angle of approximately 45“ 
in the direction of the desired table move¬ 
ment. Automatic limit stops are provided. 



The mechanism of the machine is en¬ 
closed entirely for safe operation. There 
are no exposed gears. All moving parts 
are protected against splash from molten 
weld rods. 


MULTIPLE STUD WELDER PRODUCTION 
UNIT 

A new autorgatic stud welding develop¬ 
ment to meet mass production ,require- 
ments is the Nelson Multiple Stud Welder 
Production Unit. Using this unit two or 
more studs may be welded in one opera¬ 
tion. The work is rapidly performed and 
the studs are held to very close tolerances. 

Each of the welding guns is mounted on 
a pneumatic air cylinder. Eadh cylinder 
is fixed to a movable arbor which-can be 
adjusted 4.0 any spacing necessary for the 
work. 

The work is held in a mandrel, chuck or 
special locating device—the setup being 
determined by the particular production 
problem at hand. The welding current is 
obtained from a conventional 400-amp. 
generator, and is regulated by a timing 
control unit which automatically controls 
the length of arc flow, producing controlled 
and consistent welds. 



The Multiple Welding Unit is operated 
with a single control switch. The work is 
instn-ted, stud is fitted into the chuck of 
each stud welding gun and,the control 
switch pressed. The first gun then de¬ 
scends making a veld. Upon completion 
of this weld the next gun descends and 
welds. The guns then ascend automati¬ 
cally and the work is removed. 

Each production unit is manufactured 
only on order to permit the unit to be made 
to fit the particular problem. For com¬ 
plete details and prices write Nelson 
Specialty Welding Equipment Corp., 
440 Peralta Ave., San Leandro, Calif. 
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RESISTANCE WELDING CONTROLS 

More than 150 different combinations of 
Westinghouse Industrial resistance welding 
control will soon be possible from only 
eleven standard basic units. From these 
units it will be possible to factory assemble 
welding controls that will meet the diversi¬ 
fied needs of industry which at present are 
only available through individually de¬ 
signed and custom-built controls. Here 
T. R. Lawson, Resistance Welding Ap¬ 
plication Manager, uses planning models 
to demonstrate the ease aud simplicity of 
building up any wanted control. 


NEW SOAPSTONE CRAYON FOR METAL 
WORKERS 

Because of heavy demand, producers 
and distributors of metal workers’ crayons 
have been unable to reduce the heavy 
backlog of orders. To alleviate the situa¬ 
tion, Whittaker, Clark & Daniels, Inc., 
distributors of crayons, started experi¬ 
ments to develop a satisfactory substitute 
which would be equal in quality, if not 
better, than the natural soapstone crayon. 
As a result, there is now on the market a 
"Steelrite” brand soapstone metal work¬ 
ers’ crayon made from genuine powdered 
"soapstone sawdust,” which was a waste 
product of the cuttings of natural crayons. 

The manufacturer of "Steelrite” cray¬ 
ons states that these new crayons wear 
20% slower than the natural crayons, 
weigh approximately 35% less and contain 
no wax binder. It is claimed that they 
mark well on damp, grimy, hot or cold 
surfaces, and will sharpen to a long-wear¬ 
ing, marking edge that w 11 not flake in use. 
Because of their uniformity of strength, 
freedom from grit (hard spots), they are 
economical to use, as they are serviceable 
down to the last inch. Furthermore, the 
markings made with this new crayon hold 
to the metal surface better than those 
made w'ith the natural product. 

Further information can be obtained 
from Whittaker, Clark & Daniels, Inc.. 
260 West Broadway, New York 13, N. Y. 
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it’s time to change.... 


UNAMATIC H€AD 
FOR -CONCFALE) 
ARC” {lighl cMrt*d 
wir» and groAv/or 
flux) Airfomofic Arc 
WAfdmg. 


M any old-fashiuned fabricanon methods are as antiquated as 
the proverbial suit of red flannel underwear when compared 
with the modern Unamatic Arc Welding processes. 

Whether you are using arc welding or not, if you have a metal fabri¬ 
cating or repetitive repair problem, it will pay to get the facts on 
Unamatic Welding. 

Unamatic Welding speeds production, reduces production costs, 
improves the quality of work, when compared with other fabri¬ 
cating methods. 

Since it’s time to change, write for the facts 
. . . today. 

UNA WELDING, INC. • 1615 Coiromer 
Avenue * Cleveland 10, Ohio 



UNAMATIC HEAD FOR 
"PROTfCTEO ARC” {light 
eoal»d wiV* aitd Airt»- 
matie Arc Welding, 





UNAMmC WELDING 
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TWO-PIECE DIPPER TOOTH 


The new two-piece dipper tooth pic¬ 
tured, which was recently developed by the 
Daniels-Murtaugh Co., presents improve¬ 
ments for this type of equipment which 
recommends its use on a wide range of * 
digging and loading equipments, such as 
dipper^ clamshell and dragline buckets and 
trencher buckets. 

• The two parts of the “Wear-Sharp 
Tooth” (patent pending), shown, are desig¬ 
nated as the “Penetrater Point” and the 
“Weldapter.” The design makes it ex¬ 
tremely easy to replace the point, which is 
double key^ to the Weldapter and tack 
welded. When the point becomes worn, it 
is readily removed and a new point in- 



"Wear-Sharp Tooth” (Patent Pending) for 
Power Shovel Dippers and Dragline Buck¬ 
ets, Made in Two Parts Consisting of 
Penetrater Point and Weldapter. Pene¬ 
trater Point Can Be Readily Replaced 
When Worn. 


stalled by simply slipping it on the Wel¬ 
dapter and tack welding at several points 
along the side and across the end where the 
parts join. The welds hold the point in 
place only. The double-key supports, one 
lengthwise and one crosswise of both parts, 
take all the digging stresses upward and 
‘downward, as well as side thrusts and im¬ 
pact shocks. 

Obviously there is a considerable sav¬ 
ing in welding materials and manhours 
when these teeth are used. 

For further information, write the 
Daniels-Murtaugh Co., 625 C Avenue, 
N.W., Cedar Rapids, Iowa. 


SILVER SOLDERING MACHINE ASSURES 
UNIFORM HEATING 

By W. L. Ulmer, President, Superior Flux 
Co., Cleveland, Ohio 

Uniform and controlled heating of the 
work pieces in silver soldering operations is 
accomplished by the use of this rotating 
work table, in the plant of Smith Welding 
Equipment Corp., Minneapolis, Minn.’ 
The machine is operated by two electric 
motors. One motor, with variable speed, 
operates the turntable which passes the 
pieces to "be silver soldered through the 
various dames. The second motor rotates 
the pieces at a fixed speed in the holders so 
that they are heated uniformly all the way 
around. Adjustment of the turntable 
speed further provides for a uniform and 
gradual rate of heating to the soldering 



temperature. The flux is thus brought to 
the right temperature at the right time, 
without being overheated. 

The turntable rotates in a counter¬ 
clockwise direction and soldering is done 
by the operator seated at the right. The 
operator standing removes the piece after 
it has been soldered and puts an unsoldered 
piece in its place. The photograph shows 
tubes being soldered into the head of 
Smith “Lifetime” cutting assemblies. 
Actually, two silver soldering operations 
are being performed at the same time, one 
a manual operation and the other auto¬ 
matic. One of the inserted tubes encloses 
a smaller tube which carries the oxygen 
for the preheating flame. This preheating 
oxygen tube is screwed into the bead and a 
small ring of silver solder is fitted around 
where the joint is going to be. Then the 
joint is fluxed with Superior No. 6 spider 





Thif is partlculorly uii* of machino tool bosos, frames, levers; 
of diesel engine frames and gear casings; equipment for paper 
mills; crane and heist parts; manifolds, blower housings; parts 
for the great majority of electrical appliances, etc. 

Welded construction is almost always stronger, yet lighter—> 
also mere sightly and often less costly. 

Study your product. Arrange to we)d as much 
of it as possibie. Consult United engineers on new 
' plons, or submit present pions for study and 
estimates. 


THE UNITED WELDING CO. || 

j/ I MIDDlfTOWN, OHIO_ HI 
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PRACTICAL DESIGN OF 
WELDED STEEL 
• STRUCTURES 

by H* Priest 


An Tup-to-date book oi 150 pages 
copiously illustrated with charts and 
photos giving practical design in¬ 
formation and procedures for the 
design of welded steel structures. 
Price $1.00. Bound in cloth covers. 


AMERICAN WELDING SOCIETY 

33 WEST 39TH STREET, NEW YORK 1$, N. Y. 
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mKXSC 

ELECTRODES 


McKAY 

GRADE 

A.I.S.I. 

TYPE 

No. 

USE AND CHARACTERISTICS 

SIZES 

18-8 

308 

For welding Stainless Steels from 17 Chrome, 7 Nickel to 20 Chrome, 10 Nickel Weld 

metal will be equal or superior to parent metal in corrosion and physic^ properties.* 

1/16"—5/64"—3/32" 

1/8" —5/32"—3/16" 

1/4" 

25-12 

309 

For weldina type No. 309 Stainless Steel and stain clad plate where higher Chrome Nickel 

content is desired than can be secured with 18-6 Electrodes. * 

1/16"—5/64"—3/32" 

1/8" —5/32"—3/16" 

1/4" 

S-12 Cb 

309Cb 

For welding t3rpe 309 Cb Stainless'Steel and for multiple pass weld where interpass temper¬ 

ature may be up long enough for carbides to brm.* 

1/16"—5/64"—3/32" 

1/8" -5/32"—3/16" 

1/4" 

25-20 

310 

For welding type 310 Stainless Steel Also'widely used br welding plain Carbon Steel up 

to .50 CarlMn and low Chrome Steels where post heat treatment is not practical.* 

1/16"—5/64"—3/32" 

1/8" —5/32" -3/16" 

1/4" 

18-8 Mo 

316 

For welding type 316 Stainless Steels. Molybdenum content of weld deposit 2 to Z%. 

1/16”—5/64' —3/32" 

1/8" —5/32"—3/16" 

1/4" 

18-8 Mo 

317 

For welding type 316 or 317 Stainless Steels. Molybdenum content of weld deposit 3 to 4%. 

1/14"— 5M4''— 3/32” ' 

1/8" —5/32"—3/16" 

1/4" 

15-35 

330 

For use on type 330 Stainless Steels where welds are subject to extremely corrosive agents 

or require heat resistance up to 21 OO^F. * 

3/32"—1/B" —5/32" 
3/16" 

18-8 Cb 

347 

For welding type 347 and 321 Stainless Steels where welds may be exposed to service 

temperatures between 900°-1500°F.* 

1/16"—5/64"—3/32" ' 

1/8” —5/32"—3/16" 

1/4" 

12 Cr 

410 

For weldiUg type 410 Chromium Steels. Weld structure is martensitic requiring preheat 

and post heat treatment to refine grain structure.* 

3/32"—1/8" —5/32" 

3/16" 

16 Cr 

430 

For welding type 430 Chromium Steels. Weld structure is normally ferretic. Preheat and 

post heat treatment required to eliminate stresses. * 

3/32"—1/8" —5/32" 

3/16" 

18 Cr 

442 

For welding type 442 Chromiiun Steels. Weld structure is ferretic and subject to grain 

growth. Preheat and post heat treatment required to eliminate stresses. * 

3/32"—1/8" —5/32" 

3/16" 

28 Cr 

446 

For welding type 446 Chromium Steels. Weld structure is ferretic and sxibject to grain 

growth. Preheat and post heat treatment required to eliminate stresses.* 

3/32"—1/8" —5/32" 

3/16" 

SCrMo 

502 

For welding type 501 and 502 Chromium Steels. Weld structure is martensitic requiring 

preheat and post heat treatment, to refine grain structure. 

3/32"—1/8" —5/32" 

3/16" 

15-60 

.... 

For welding Nichrome Steel and similar oompositions requiring toughness, resistance to 

oxidation, nitriding and carburization. 

1/8" —5/32"—3/16' 

FrogaHoy 

.... 

Weld deposit of work hardening type. Used for building up wearing surfaces subject to 

impact. 

1/8" —5/32"—3/16" 

1/4" 

Fool and 
Die 

.... 

For repair and build up of air hardening tools and dies. Has good abrasion resistance 

properties. 

3/32"—1/8" —5/32" 

3/16" 

RraHHioy 

A-8 

.... 

For welding Armor Plate and other difficult weldable alloys. Has high resistance to weld 
cracks when used with dissimilar alloys. 

3/32"—1/8" —5/32" 

3/16"—1/4" —5/16" 
3/8" 



*The8e Electrodes are supplied with Titania coating for DC reverse polarity unless otherwise specified. They are available 
in Lime coating for DC or AC and in a special Titania coating for AC on request. 

The Titania coating for DC reverse is green in color. The Lime coating for DC or AC is grey in color. The Titania coating 
br AC is cream in cobr. 
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flux and the outer tube is screwed into 
place. This same procedure is followed 
when the tubes are soldered into the butt, 
except that the tubes are not screwed but 
pressed into place. The silver solder is 
applied to the two outside joints in the 
form of a wire fed continuously by hand, 
while the inner joint is heated by conduc¬ 
tion so that the joint is automatically 
soldered. 

The small tube, which carries the pre¬ 
heating oxygen inside of the larger tube, 
is of copper. The larger tube is of monel 
metal, except when the scarcity of that 
alloy makesit necessary to use drawn brass. 
The oxygen tube at the top of the cutting 
assembly is a drawn brass tube. Heads 
and butts are bronze forgings. 


WELDING CAPE 

This new garment for welders gives full 
protection when welding in all positions. 
Made of high-grade, durable, chrome 
leather, incorporating underarm flaps and 
a collar which may be turned up, the 
wearer is completely protected even when 
doing overhead welding. The collar is 
secmely held in an upright position by 
means of special tabs and a snap fastener. 



In addition, the design provides freedom 
of movement and ventilation. Bib front 
is equipped with snap fasteners for easy 
removal. For further information, write to 
Eastern Equipment Co., Inc., Willow 
Grove, Pa. 
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Specimen Welds Produced with the New 
lincoln "Fleetweld 47" Shielded Arc 
Electrode 


coating can be dragged on both plates. 
It has also been used extensively for both 
vertical and overhead fillets, especially 
where large single pass fillets are desired. 

The ease of complete slag removal on 
square edge butt w’elds makes "Fleetweld 
47” exceptionally excellent for this type of 
joint. Complete penetration of Vrhi- 
plate can be obtained by welding one pass 
from each side. 

This new’, electrode is available in the 
following sizes: ‘/jj x 14 in., */,e x 14 in., 
V4X 18in.and‘/i«x 18 in. The electrodes 
are packed in 50-lb. containers. 


HYDRAUUC ELEVATING TABLE 

Lyon-Raymond Corporation, 2155 
Madison St., Greene, N. Y., have added 
another optional feature—a telescopic 
towing handle—to their popular hydraulic 


elevating table. Extended, the handle 
provides means for easily moving the table 
from place to place. Collapsed, the handle 
is below and under the table top where it 
will not interfere with operations involving 
the transfer of materials across the table 
or the support of overhanging pieces. 

The table can be readily maneuvered 
without thS use of the handle, but long 
hauls are easier with it. 

Other optional features have been avail¬ 
able for some time. These are: (1) two- 
speed pump in place of single-speed; (2) 
retaining bars; (3) removable roller top; 
(4) indexing device. Like them, the tele¬ 
scopic towing handle is designed to further 
increase the usefulness of the hydraulic 
elevating table in a wide range of material 
handling operations. 


NEW BATTERY WELDER GIVES SPEC¬ 
TACULAR SERVICE ON TOUGH JOB 

Only recently announced by Progressive 
Welder Co., Detroit, the spectacular new 
Storage Battery oi>erated welders which 
do not require special power lines are al¬ 
ready in action turning out war materiel. 
Among early installations is that shown 
here, turning out fluted structural steel 
Naval ordnance sections 20 hr. a day at a 
rate of 1440 spot welds per hour. 

The machine—one of the "smaller” 
models of Progressive Storage Battery 
Welders—is installed in a plant having 
only a limited amount of power available 
(certainly not enough to operate the 150- 



Fig. 1—Battery Welder, with Monorail 
Quick-Clamp Fixture, Making Thick 
Welds in Structural Steel at the Rate of 
29,000 Every 20 Hr., on a Maximum Input 
of 26.7 Kva. 


ALL-POSmON WELDING ELECTRODE 

A new shielded arc electrode for general 
purpose welding of mild steel which offers 
a number of outstanding advantages over 
existing electrodes of the same classifica¬ 
tion is announced by The Lincoln Electric 
Co., Cleveland, Ohio. 

The new electrode, designated as "Fleet¬ 
weld 47," offers such advantages as ex¬ 
tremely low spatter loss, easy slag removal 
(most welds are practically self-cleaning), 
excellent re-strikipg characteristics, and 
other improved features. 

"Fleetweld 47” conforms to American 
Welding Society electrode specifications 
Class E-6012 and Class E-6013 and may be 
used with either alternating or direct cur¬ 
rent. "Fleetweld 47” is especially well 
suited for making high-speed horizontal or 
flat fillet welds over 4 in. long in which the 
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kva. machines which would be the mini¬ 
mum required if conventional welders were 
to be used on such a job). It is coupled 
direct to the 220-volt shop wiring system 
through a battery charger which has a 
maximum 3-pbase draw of only 26.7 kva. 

The parts being welded (Vs to ^/t steel) 
are arc tacked before coming to the welder. 
Some 240 spot welds are required to finish 
each assembly. Output is approximately 
6 units per hour, equivalent to a day’s 
output of some 29,000 welds. To facili¬ 
tate handling, the unit to be welded is 
mounted in a swiveling quick-clamp fixture 
suspended* through springs at approximate 
welding height from.an overhead mono¬ 
rail. 

To weld, the operator loads the part 
onto the fixture, slides it into position for 
the first weld and steps on the treadle con¬ 
trol to start operation of the simpler timer 
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Mild Steel Electrodes 

BLUE DEVIL .... All Position, Reverse Polarity.A.W. S. 6010 

BLUEOAC .All Position, A. C. Current.A.W.S. 6011 

GRAY DEVIL .... General Purpose, Poor Fit-up 

Straight Polarity.A.W. S. 6012 

GRAY DEVIL No. 2 General Purpose, Smooth Bead 
Straight Polarity 

Also A. C. Current.A. W. S. 6013 

* 

BLACK DEVIL . . . Deep Grooves and Horizontal Fillets 

Straight Polarity.t . . . . A.W.S. 6020 

RED DEVIL .Deep Grooves, Reverse Polority.A.W.S. 6030 

BLACK DEVIL F. B. Finishing Beods for Smooth Cover Beads A.W. S. 6030 


High Tensile Electrodes 


BLUE DEVIL 85 
RED DEVIL 75 . 


. . All Position, Reverse Polarity.A.W.S. 7010 

. . Deep Grooves and Horizontal Filfets-. . . A.W.S. 7020 

A.W.S. 7030 


Tool and Die Electrodes Hard Surfacing Electrodes 


;HIPPING GOGGLES 

WELDING MACHINES: A.C. TRANSFORMER TYPES 
WELDING GOGGLES • WELDING CLEANING TOOLS 
WELDING CLAMPS • SAFETY CLOTHING • WELDING GLOVES 
CARBON PASTE & FLUXES 'WELDING CABLE CONNECTORS 
WELDING CARBONS • CARBON PUTES • WELDING CABLE 
WELD SPATTER ELIMINATOR • ELECTRODE HOLDERS 


High Carbon, Alloy and Mild Steel Bare and Lightly Mild Steel 
Mangonese-Niekle Electrodes Coated Electrodes and High Corbon 

for Rail Welding Acetylene Rods 


Stainless Steel Electrodes 
All types 


Electrodes & Acetylene Rods 
for Cast Iron Welding 


Aluminum Electrodes 
and Acetylene Rods 


Welding Accessories 


Special Electrodes and Acetylene Rods 


Bronze and Copper 
Alloy Electrodes 
and Acetylene Rods 


The CHAMPION RIVET CO. 


CLEVELAND, OHIO, East Chicago, Ind. 
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fig. 2 —Sketch of Structural Ordnano* 
Soctiona Boing Produced on Battery 
Welder 

shown at the left above the charger cabi¬ 
net. Operation from here is continuous 
^automatic repeat) as long as the operator 
keeps prcssilre on the treadle. Just enough 
of an interval is allowed by the timer be¬ 
tween welds to shift to the next weld posi¬ 
tion (a matter of only 'A sec.). On com¬ 
pletion of all spots on one web, the as¬ 
sembly is flipped 9()° in the fixture to weld 
up the next web. Welding time is approxi¬ 
mately Vj sec- 

The welder itself is of the rocker arm 
type, with batteries located in the base of 
the machine in place of the conventional 
transformer. The air-actuated contactor- 
controller which operates on the carbon- 
pile principle is also located in the base of 
the machine. With this type of contactor, 
it is the actual welding current rather than 
the'’primary”current which is interrupted. 
The amount of current is controlled by the 
pressure between the two carbon disks in 
the contactor-controller. (The greater the 
pressure the less resistance and the greater 
the current.) When the pressure is re¬ 
moved, current stops flowing, permitting 
opening of the contactor by separating the 
carbon disks without arcing, despite the 
fact that welding current is around 20,000 
amp. 

An unusual feature is that no compen¬ 
sation is required for induction losses from 
the first to the last weld in the assembly. 
Since direct current is used for welding, the 
amount of stock in the throat of the welder 
has little effect on welding current, there 
being no induction losses to all practical 
purposes. 

Although in continuous operation, the 
12 battery cells are kept charged by the 
automatic charger with its peak draw of 
SO amp., three phase. Service require¬ 
ments to date have consisted mainly of 
adding water to the battery about once 
every three weeks, and occasional point 
dressing. 


AIR-FED HELMET 

To give welders complete relief from ab- 
noxious fumes, a new air-fed welding hel¬ 
met has been designed by a group of doc¬ 
tors and safety engineers. The helmet 
was originated by the Pullman Standard 
Car Manufacturing Co., Chicago, with 
the aid of the Northwestern University 
Medical School. 

After exhaustive tests in many large 


plants, it is reported that the helmet 
redoces worker fatigue and improves 
worker morale. Surprising production 
increases also result, the tests showed. 

Clean, fresb air is scientifically fed into 
the helmet, through a supply tube encir¬ 
cling the lens holder. Air flows gently 
along the shell and travels to every outer 
edge. Air constantly circulates within 
the helmet, yet uncomfortable, cold-en¬ 
couraging drafts arc eliminated. The di¬ 
rectional flow of the fresh air prevents stale 
or fume-laden air from entering. Heat is 
cut down. Welders work in comfort under 
all conditions. 



Following original design by Pullman 
Standard doctors and Northwestern Uni¬ 
versity medics, the helmet has been de¬ 
veloped and perfected by the Chicago Eye 
Shield Company. It is identified by the 
name. Cesco "Air-Flow” Welding Helmet. 
For further information, write Chicago 
Eye Shield Co., 2300 Warren Blvd., Chi¬ 
cago 11, Ill. 


BRAZING INDUCTION EQUIPMENT 

Illustrated- is a new 24-station circular 
indexing carrier mounted on one of the 
company’s 18-kw. electronic high-fre¬ 
quency generators to braze metal assem¬ 
blies. A complete assembly is ejected 
from the carrier each 12 seconds. The 
operator’s activities are limked to loading 
the stations as they come around empty. 
Heat is applied by a set of three water- 
cooled induction coils located under three 
of the work positions. The coils are fol¬ 
lowed by the vertically operating ejecting 
mechanism. Carrier drive is by a small 
motor. 

Application of the carrier can be made 
on any of the company’s electronic genera¬ 
tors with ratings of 5 to 100 kw. depending 
on the heat-input requirements of the 
work. Normal output of the unit is at 200 
to 600 kilocycles. 

Write to Scientific Electric Division of 
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“S" Corrugated Quenched Cap Co., 107- 
119 Monroe Street, Garfield, N. J., for 
further information. 


QUALITY CONTROL FOR RESISTANCE 
WELDING OF SWITCHGEAR 

A system of quality control of resistance 
welding that has been used successfully for 
over two years in manufacturing switch 
gear cubicles and equipment is the subject 
of an A.l.E.E. Spring Program paper by 
R. S. Inglis, R. P. McCants and L. S. 
Hobson of the Switchgear Division, Gen¬ 
eral Electric Company. Stating that 
standardization of the process is essential 
to its control, the authors describe in de¬ 
tail the methods by which it is attained. 

Although on highly repetitive jobs it is 
necessary to establish the proper welding 
procedure only once and continue on that 
basis for the duration of the job, variable 
welding conditions such as are encountered 
in the fabrication of switchgear equipment 
make it necessary to have a specific proce¬ 
dure for each combination of materials. 
In the absence of basic fundamental data 
for such conditions, the authors state that 
it was originally necessary to undertake 
an extensive program to determine the 
effects of such variables as material type 
and thickness, welding current, pressure 
and time. Many thousands of tests were 
made in which these factors were inde¬ 
pendently varied, and from this study it 
was possible to establish the proper weld¬ 
ing procedures and the physical properties 
of the welds. These methods of testing 
and control continue in use today. 

The authors report that since the struc¬ 
tural stability of assemblies which are 
fabricated by resistance welding depends 
not only upon the quality of the parts 
used but upon the strength and ductility 
of the welds—two things which are most 
difficult to determine without destruction 
of the fabricated parts—three welded 
specimens are prepared each hour under 
the same conditions of production weld¬ 
ing. These specimens are tested in torsion 
in special testing machines to determine 
ultimate torque, angle of twist and weld 
diameter. 
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AO NOVIWELD-DIDYMIUM LENSES 

Give Your Welders 
Clearer, Safer Vision 

• They screen out sodium flare 

• They let the welder see his work in 
clear, brilliant colors 




• They protect against ultra-violet 
and infra-red radiations 


* They are ground and polished to 
ophthalmic standards 


Available in shades 3, 4, 5 and 6 


Seen Through Noviweld-Didymium 


With a clearer picture of his 
work, the welder can lay clean¬ 
er beads. As a result, secondary 
operations—chipping, grinding 
and wire brushing—cost less. 

Let an AO Safety Engineer give you a demonstration. 
Phone or write your nearest AO Branch Office. 


AO Dumweld Goggles are available 
with Noviweld-Didymium lenses 


American 


^ Optical 


COMPANY 


SOUTHBRIDGE, MASSACHUSETTS 
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SECTION ACTIVITIES 


BOSTON 

T. B. Jefferson, Editor of The Welding 
Engineer, addressed tbe March 12th 
meeting on “Welding in the Post-War 
World.” A film, “Let Us See,” was 
shown through the courtesy of the Illumi- 
hating- Engineering Society and is on the 
subject of proper industrial lighting and 
the benefits resulting therefrom. Eighty 
members and guests attended the technical 
session; 49 attended the dinner at the 
Engineers Club. 

BRIDGEPORT 

E. H. Roper, of tbe Air Reduction Sates 
Co., was the speaker at the March l5’th 
meeting. Mr. Roper spoke on “Oxy- 
acetylene Welding and Cutting,” illustrat¬ 
ing ^ talk with interesting slides. Thirty- 
five members and guests were present. 

CHICAGO 

The Chicago Section is planning its 
4th Annual Golf Tournament for Satur¬ 
day, June 30tb. at the Glen Eagles 
Country Club, Lemdnt, Ill. 

A. B. Kinzel, Union Carbide and Car¬ 
bon Corp., New York, was the guest 
speaker at the March 17th meeting of the 
Section. Dr. Kinzel's subject was “Pres¬ 
sure Welding.” In his presentation before 
the largest audience to attend a welding 
meeting of the Chicago Section this season 
Df. Kinzel brought out some of the points 
dealing with pressure welding as expressed 
in his Adams Lecture last fall. In addi¬ 
tion he presented considerable information 
dealing with the practical applications of 
pressure welding in various fabricating 
fields, discussing in some detail tbe more 
recent uses of pressure welding in the 
building of a cross-country pipe line and 
continuous welded rail. 

The Fourth Annual War Production 
Conference sponsored by the Chicago 
Technical Societies Council was held at 
the Stevens Hotel, Chicago, Thursday, 
March 29th. There were 36 panel ses¬ 
sions, two of which were sponsored by the 
Chicago Section of the American Weld¬ 
ing Society. 

The session on resistance welding had 
as its chairman C. G. Bassler, District 
Manager, Taylor-Winfield Corp. In addi¬ 
tion to a sound movie, "Electronics at 
Work,” provided through the courtesy 
of the Westinghouse Electric & Manu- 
factming Co., the following papers dealing 
with resistance welding were presented: 
“Some Fundamentals of Resistance Weld¬ 
ing,” C. L. Pfeiffer, Electrical Engineer. 
Western Electric Co.; “Aluminum Spot 
Welding,” Carl Otto, Process Engineer, 
Douglas Aircraft Corp.; "Structural Spot 
Welding,” William Boese, Welding Engi¬ 
neer, Pullman Standard Car Mfg. Co.; 


and “Electronic Controls for Resistance 
Welding,” T. R. Lawson, Manager Control 
Section, Westinghouse Electric & Mfg. Co. 
The meeting closed with a panel discussion 
conducted by James Cooper, Sales Engi¬ 
neer, National Electric Welding Machine 
Co. 

A second session dealing with arc, gas 
welding and brazing had as itsY:hairman 
T. B. Jefferson, Editor, The Welding 
Engineer. The chairman gave a brief 
talk outlining the importance of welding 
in the war effort together with recent 
developments in welding and brazing. 
Following this there was an "Information 
Please” session in which T. B. Jefferson 
acted as moderator with the following 
"experts” to answer questions relating 
to various welding, cutting and brazing 
problems presented by the audience: L. 
S. MePhee, Welding Supervisor, Whiting 
Corp.; M. H. Wigton, Research Engineer, 
Bastian-Blessing Co.; R. L. Kohlbry, 
Vice-President, Machinery Welder Corp.; 
W. C. Pearson, Welding Supervisor, 
Westinghouse Electric & Mfg. Co.; E. R. 
Seabloom, Supervising Engineer, Crane 
Co.; J. B. Quigley, Welding Engineer, 
Graver Tank Sc Mfg. Co.; and Dudley 
Rice, Sales Engineer, Eutectic Welding 
Alloys. 

Eric R. Seabloom. in addition to being 
co-chairman of the War Production Con¬ 
ference, presented a paper entitled "Hard- 
Facing for Improved Performance at 
High Temperatures,” in a panel sponsored 
by the American Society for Metals. 
Leslie S. MePhee was chairman of the 
exhibit committee of the Conference. 
Irving Carlson was Chairman of the 
welding panels. 


CINCINNATI 

The regular monthly meeting was held 
on Monday, March 19th, at the Engineers 
Club, and was addressed by T. B. Jeffer¬ 
son, Editor of The Welding Engineer, who 
spoke on “Welding in the Post-War 
World.” Mr. Jefferson also told about 
his experiences at Peck Dam where weld¬ 
ing played a very important part in the 
maintenance of earth-moving equipment. 

T. (Tom) E, Raftery, one of Cincinnati 
Section’s charter members has been 
transferred to Los Angeles by The Linde 
Air Products Co. He was a Past-Chair¬ 
man of this Section and had served in all 
its offices. His many friends will be glad 
to know his eighteen years’ service to the 
welding industry have been rewarded with 
this promotion. 

Because Rowan Gilbreath, Vice-Chair¬ 
man, has been transferred to Indiana, the 
following changes in officers has been 
made: Ernest F. Cahn to Vice-Chairman; 
Larrey E. Sherman to Treasurer; Wm. F. 
Pahner to Secretary (R. R. No. 1, Box 
45A, Sharonville, Ohio). 


COLUMBUS 

The April meeting held on Friday, the 
I3tb, at the Southern Hotel was preceded 
by a dinner at which Lt. John Jort^n of 
the Columbus Fire Dept, was the dinner 
speaker. The technical session had as 
its speaker T. B. Jefferson, Editor oVThe 
Welding Engineer, who spoke on "Welding 
in the Post-War World.” 

DETROIT 

At a joint meeting of the Detroit Section 
and the Detroit Junior Board of Com¬ 
merce and the Society for the Advance¬ 
ment of Management, held on March 
14th, James F. Lincoln, President of The 
Lincoln Elec. Co. of Cleveland, Ohio, 
presented an interesting address on “How 
Incentives Affect the Future of Private 
Enterprise.” Mr. Linedn's talk covered 
the correct application of Wage Incen¬ 
tives—the personnel problems it solves, 
the production problems it licks, and the 
governmental problems it brings up. 

Dinner at 6:30 P.M. in the banquet 
hall of Horace H. Rackham Educational 
Memorial was followed by the meeting 
in the large auditorium. 

INDIANA 

The March meeting was held on tbe 
23rd at the Y.M.C.A. at Anderson. J. 
D. Gordon, Sales Manager of tbe Pro¬ 
gressive Welder Co. of Detroit, gave a very 
interesting talk, well illustrated by slides, 
on “Welding as It Affects Design.” 
Following the talk, films on European 
war scenes, the V-bomb and Major 
League baseball were shown. 

KANSAS CITY 

O. F. Wilkinson, Supervisor of the Ap¬ 
plied Engineering Department, St. Louis 
Office, Air Reduction Sales Co., presented 
a paper on “Welding and Cutting in 
Locomotive Maintenance” at the March 
20th meeting. His excellent slides clearly 
illustrated the many ways welding and 
cutting can be used not only in main¬ 
tenance and repair work on locomotives, 
but also in the fabrication of new units. 

Two recent Navy sound films were 
presented, “Target—Japan” and “Pacific 
Fire Power.” 

LEHIGH VALLEY 

The’April meeting of the Lehigh Valley 
Section was held on the 2nd at the Hotel 
Bethlehem, Bethlehem, Pa. The first 
speaker to be introduced by Chairman 
Kenworthy was Clyde T. Bishoff, Charac¬ 
ter Analyst of Allentown, Pa. His talk 
was interesting, entertaining and educa¬ 
tional. Mr Bishoff explained tbe science 
of character analysis from handwriting. 
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ELECTRODES 



WELDERS KNOW THEY’RE 
. . .WE KNOW WHY . . . 

• Stainless steel fabricators are rapidly finding out one fact about 
Allegheny stainleK steel electrodes. 

They can be depended upon for uniforniity. 

We know why they’re uniform. It is because of our rigid control of every 
manufacturing process—from drawing the wire to final inspection of the 
finished electrode . . . constant check on wire and coating . . . frequent 
tests under actual working conditions. 

Experienced welders take page uniformly high quality for granted. 

★ ★ ★ 

In addition to a complete Une of stainless steel, your PAGE distributor 
offers a wide range of page Hi-Tensile electrodes and gas welding rods. 
The benefit of long experience in selecting the one best rod for each 
welding job is yours when you 


Qei in to44cJt adtU Pa<^i 

Welding Stainless Steel? This booklet contains much 
new, up-to-date information on the subject. Ask your page 
distributor for a copy. Or, if you prefer, write to the fac¬ 
tory in Monessen, Pa. 







Monessen, Pa., Atlanta, Chicago, Denver, Los Angeles, New York, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 

AMERICAN CHAIN & CABLE 


ADVERTISING 


Digitized by 


Google 



and made persoiiai analyses of specimens 
submitted by the audience. 

The second and principal speaker was 
A. N. Kugler of the Air Reduction'Sales 
Co. of New York, who spoke on 
Fixtures.” Mr. Kugler pointed out that 
in these days of mass production methods, 
jigs and fixtures play a vital role in secur¬ 
ing speed of production and uniformity of 
product. 

LOS ANGELES 

The March dinner meetbg of the 
Los Angeles Section was held March 15th 
at Scully’s Restaurant. The coffee talk 
was made by Roy Tadd, Manager, Weld¬ 
ing and Abrasive Division, Ducommon 
Corp., of Los Angeles. His subject was 
■‘Do We Know Too Much About Weld¬ 
ing?” He very aptly disclosed the moti¬ 
vating forces behind progress in welding 
and bow these do not exist when we 
know too much 

Principal speakers, both on the subject 
of polarized light, were Alex P. Mara- 
dudin. Materials Engineer, Standard Oil 
Co. of California, and Joseph Auffman, 
Welding Engineer, Western Pipe and 
Steel Co., Los Angeles Shipbuilding 
Division. 

Mr. Maradudin's subject was “Stress 
Distribution with Polarized Light.” He 
described the discovery and development 
of polarizing lenses. Also discussed were 
the principles concerning their use for 
detection of stress. Demonstrations were 
made by use of contour sections and pro¬ 
jection on a screen. 

Mr. Auffman discussed the use of scale 
models for stress analysis in his talk on 
•'Practical Demonstrations of Use of 
Polarized Light on Model Ship Sections.” 
He demonstrated with several typical 
ship sections the detection and pursuit 
of stresses to their ultimate point of 
accumulation. 

Showing of the Air Force film, ‘‘Combat 
America,” concluded the meeting. 

LOUISmLE 

The Louisville Section's dinner meeting 
was held on Tuesday evening, March 27th, 
with Charles H. Jennings, of the Westing- 
house Electric and Mfg. Co., being the 
guest of honor. His subject, ‘‘Welding 
Distortion,” delightfully headlined the 
evening’s activities held in conjunction 
•‘with 5 Kentuckiana Authors” who read 
their own compositions. The “Big Voice” 
(Mr. Jennings) blended very very har¬ 
moniously—in time and cadence—with 
ihe ‘‘Little Voices” (Messrs. Hardy, 
Heitz, Moore, Plinke and Armstrong) for 
one of the most interesting of our many 
dinner meetings according to our master 
of ceremonies, Mr. R. E. Fritsch, who 
incidentally is president of Tube-Turns, 
Inc. 

The five compositions (reading time, 
0 min. each) were more or less an experi¬ 
ment in seeking diversification and the 
entertainment value—in applause and 
belly-laughs—more than fulfilled our 
expectations and rounded out an enjoyable 
evening. 

Appropriate dinner music, donated by 
W. M. Reed, President of American Air 
Filter Co., set the tempo for the occasion 


by the rendition of popular songs and 
melodies. 

Mr. Jennings’ emotions struck a high 
note when presented a Certificate of 
Appreciation, appropriately framed for 
wall decoration, by Theodore H. Lewis, 
chairman of the Louisville Section. 

MARYLAND 

A. C. Earbeck, Welding Technician of 
T. A. Canty Co., Baltimore, was the 
guest speaker at the March 16th meeting. 
Mr. Earbeck presented an illustrated 
address on “The Future of the Welding 
Operation in Baltimore,” which was well 
received. 'Thirty-five members and guests 
attended the meeting; 16 attended the 
dinner which preceded the meeting at 
the Engineers Club. 

MILWAUKEE 

The regular monthly meeting was held 
on March 23rd at the Ambassador Hotel. 
Charles H. Jennings of the Westinghouse 
Electric and Mfg. Co., E. Pittsburgh, Pa., 
spoke on the subject ‘‘Distortion Problems 
in Welding.” Typical examples of distor¬ 
tion were discussed and recommended 
methods of preventing same were outlined. 

NEW JERSEY 

The subject of “Hard Surfacing” was 
the topic for discussion at the regular 
meeting of the New Jersey Section held 
at the Essex House, Newark, on March 
20 th. 

E. Kelly, of the Haynes Stellite Co., was 
the guest speaker and gave a very instruc¬ 
tive paper on the commercially available 
types of hard-facing materials as well as 
pointing out many specific uses of the 
materials in assisting the national “War 
on Wear.” Data sheets were passed out 
to the audience containing information 
on the characteristics of several grades of 
materials which would assist in their 
proper use in local industry. An audience 
of 125 attended with 45 joining in the 
dinner prior to the meeting. 

The usual ‘‘Information Please Session” 
was conducted by C. Hansen, of the 
Foster Wheeler Corporation, Carteret, 
N. J. The discussion brou^t out several 
interesting problems which were well 
covered in open floor discussion. 

In addition, the Lincoln Electric Co. 
film entitled ‘‘Magic Wand of Industry— 
Arc Welding” was shown and favorably 
received. 

NEW YORK 

The April 10th meeting was held at the 
Engineering Sc^eties Building on the 
general subjtfct of ‘‘Underwater Welding 
and Cutting” and was of sufficient interest 
to attract an audience of approximately 
250. 

The meeting opened at 7:30 with the 
Half-Hour Question-and-Answer Period 
conducted by H. R. Morrison, The Linde 
Air Products Co., New York. 

Charles Kandel, Craftsweld Equipment 
Corp., manufacturer of underwater cutting 
equipment, was Technical Chairman. 
After a few general remarks on the use of 
underwater cutting and welding and 


salvage operations, Mr. Kandel introduced 
Capt. F. H. Whitaker, U.S.N., who de¬ 
scribed the raising and dry-docking of the 
U.S.S. "Oklahoma” at Pearl Harbor 
following the sinking of the ship on 
December 7, 1941. At the time of this 
work, Capt. Whitaker was Salvage 
Superintendent at Pearl Harbor and 
spoke with first-hand familiarity of the 
work. His talk was illustrated with 
slides taken at various stages in the job 
and showing the general technical aspects 
of the work. 

Ensign J. F. Martin, U.S.N.R., now 
instructor in the diving school in New 
York, talked from his experiences as a 
diver on the “Oklahoma” job and also 
in the Aleutians and elsewhere. 

Mr. Kandel traced the general history 
of the development of underwater cutting 
and welding equipment and showed the 
various types of equipment that are in 
use today for this type of work. He*also 
gave certain data on the speeds and gas 
consumption required. Mr. Charles 
Cooper, Welding Engineer of Metal and 
Thermit Corp., discussed the developmept 
of arc-oxygen cutting equipment and 
welding equipment for underwater work. 
Capt. F. M. Seymour, U.S.A. Engineer 
Corps, although unadle to attend himself, 
sent a short paper which was read at the 
meeting and which set up some principles 
for the design and construction, of equip¬ 
ment for salvage work. 

Capt. E. Ellsberg, U.S.N., gave a general 
talk on salvage operations, expressing bis 
opinions on the relative merits of the 
various types of underwater welding and 
cutting equipment. Capt. Ellsberg was 
probably the best known of the speakers 
prior to the meeting becanse of the pub¬ 
licity that has been given to his work as 
salvage superintendent in Africa and other 
parts of the world and as author of several 
books. 

Following the talks, a diver was dressed 
in full equipment on the platform, an 
operation requiring more than ten minutes, 
although normally performed in somewhat 
less time, but one that was of considerable 
interest to the audience’.- 

NORTHERN NEW YORK 

Dinner at the White House Tavern 
preceded-the March 22nd meeting held 
at the Locomotive Club, Schenectady, 
N. Y. G. O. Hoglund, of the Aluminum 
Co. of America, spoke on “Welding Alumi¬ 
num and Magnesium.” His talk was 
illustrated by slides and a film, "How to 
Weld Aluminum.” Seventy-four members 
and guests were present. 

NORTHWEST 

William Watts, Research Metallurgbt 
of The Falk Corp., discussed “Steel 
Castings, Their Use in Weldments,” at 
the April 4th meeting. 

“The Magic Wand of Industry—Arc 
Welding,” a technicolor and sound motion 
picture produced for The Lincoln Electric 
Co., was shown. 

OKLAHOMA CITY 

The March meeting held on the 22nd 
at the Biltmore Hotel was addressed by 
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A template Is used in welding Stud<i to parts. Studs are 
welded through holes onto casing, insuring accuracy of 
spacing. Nelson Production Stud Welding Units, weld¬ 
ers mounted on pneumatic cylinders and arbors, are also 
used where continuous production of parts is required. 


Inspection plates of all kinds are welded in any position with the portable 
Nelson welder. Light in weight and easy to handle, it may be used efficiently 
in any location. Welds produced are as strong as any hand-welding method- 
have consistent weld fillets. 


Welding inspection door 

industrial furnace through 
template. All arc timing is 
automatically controlled, 
p'roducing consistent 
welds. Write today for 
catalog and complete 
details. 


Welding inspection covers of all types is .m ideal stud application. 
Studs are welded at desired centers to cover flange and cover se¬ 
cured with nuts. No holes in casing . . . close tolerances held. 


For Ciitalo^ u»J prices write to 

NELSON SPECIALTY 
WELDING EQUIPMENT CORP. 

Dept. J, 440 Peralta Ave.. San Leandro, Calif. 

Eastern ReprcH’n/atire: Camden Stud ll'lW/wg Corp. 
Dept. 122. 1416 So. Sixth St., Camden, N. /. 
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O. P. Wilkinson, Supervisor. Applied 
Engineering Department, Air Reduction 
Sales Co., St. Louis, Mo., on "Welding 
and Cutting in Locomotive Maintenance. ’’ 

PASCAGOULA 

In an unusually enlightening address 
of interest to all shipbuilding people, E. B. 
Thcnnpsou, Sales Engineer of the A. O. 
Smith Corp. of Houston, Texas, discussed 
the past, present and future of welding, 
at the regular monthly dinner meeting of 
the Pascagoula Section of the American 
Welding Society in the USO Hall in 
Pascagoula, Tuesday night. March 27th. 

The business session at 8 o’clock was 
preceded by an appetizing steak dinner 
at 7 o'clock, with fifty Society members 
and others in attendance. W. B. Bowen, 
Ingalk Welding Superintendent and 
Chairman of the Pascagoula Section, 
opened the meeting and introduced three 
members of the Mobile Section who were 
guests of the group. 

The subject of Mr. Thompson’s talk 
was "What the A. O. Smith Corporation 
Is Doing in Welded Construction." He 
pointed out that the future of .welding 
appears very bright, and that we will tend 
more and more to use high-tensile, low- 
alloy steels in order to lighten, to a con¬ 
siderable degree, the weight of future 
welded products. His talk was illustrated 
with a large number of clear photographic 
views thrown on the screen. The Smith 
Corp. is one of the pioneer companies in 
the welding industry. 

Robert H. Mach, Chief Planning Engi¬ 
neer of the Ingalls Shipbuilding Corp., 
spoke at the monthly dinner meeting of 
the Section, held at the USO Tuesday 
night, April 24th. His talk dealt with 
"Diesel Electric Locomotives." 

PEORIA 

A Ladies’ Night Dinner Dance was held 
by the Peoria Section on March 17th 
and was attended by 125 couples. Herman 
Hampy’s orchestra provided the music 
for both the dinner and the entertainment 
which followed. While Margaret Ehrhart 
sang Irish songs, she passed green carna¬ 
tions to the ladies and then to the men. 
Since it was Ladies’ Night, door prizes 
were given only to the ladies. John 
Fisher sang "My Wild Irish Rose." 

PHILADELPHIA 

An occasion which will be long re¬ 
membered was the Twenty-fifth Anni¬ 
versary Dinner of the Philadelphia Section 
held at the Engineers Club Auditorium, 
Monday evening, March 19th. The 
Program Committee, composed of W. W. 
Barnes, R. D. Thomas and T. M. Jackson, 
started the evening off with a reception 
for the guests which was followed by an 
excellent roast beef dinner. 

The Philadelphia Section was the first 
Section of the Society, organized on 
February 26, 1920. On that occasion, the 
principal speaker was Dr. Comfort Avery 
Adams, then President of the American 
Welding Society. William W. Barnes 
was appointed chairman of the (>ganiza- 
tion Meeting and H. J. Grow, Secretary. 

The first general meeting was held on 


March 11, 1920, with some 800 persons 
in attendance. 

Affiliation was made with the Engineers 
Club of Philadelphia, which has since 
been the permanent headquarters of the 
Section. 

On the occasion of the 25th Anniversary 
it was entirely fitting that William W. 
Barnes was appointed Master of Cere¬ 
monies. Mr. Barnes introduced the Past- 
Chairmen of the Philadelphia Section, 
starting with J. Brogden, who was Chair¬ 
man during the first year. Quite a number 
of the Past-Chairmen were present, 
including the following: 

J. Brogden (1920), J. W. Meadoweroft 
(1924), P. A. L. Maurhoff (1926 and 
1926), R. D. Thomas (1927 and 1928), 
J. J. Dunne (1929 and 1930), L. H. 
Christensen (1931 and 1932), W. P. 
Carson (1935), C. I. MacGuffie (1936), 
T. M. Jackson (1937), H. R. Salisbury 
(1939), H. W, Pierce (1942). 

Among the National Officers who were 
present and presented brief addresses 
were President A. C. Weigel and National 
Secretary M. M. Kelly. 

Among the honored guests were J. W. 
Meadoweroft. R. D. Thomas, T. 'M. 
Jackson, W. W. Barnes, Joel Brogden. 
E. P. Enright and L. H. Christensen, all 
of whom were among the founder members 
of the Society. Other honored guests 
were R. E. MePartand, Past-Chairman of 
the Chicago Section, Dr. Wm. Theisinger, 
recently nominated as District Vice- 
Chairman for the 2nd District, and W. 
Spraragen, Editor. 

Dr. Samuel Steinmetz, prominent Epis¬ 
copal rector of Trenton, N. J., was the 
after-dinner speaker and entertained the 
200 members and guests with a series of 
amusing stories and incidents, and at the 
same time brought home the need for 
looking ahead rather than backward and 
the necessity for mutual cooperation 
understanding and faith. 

As at the Organization Meeting twenty- 
five years ago, Dr. Comfort Avery Adams 
was the principal speaker. Dr. Adams 
traced the origin of the American Weld¬ 
ing Society as an outgrowth of the work 
of the Welding Committee of the Emer¬ 
gency Fleet CorpoKtion. He briefly re¬ 
viewed the twenty-five years of accom¬ 
plishment of the Society and paid special 
tribute to two departed members—past- 
presidents—Samuel Wylie Miller and 
Charles A. McCune. 

Dr. Adams also stressed the research 
work of the Society under the present 
Welding Research Council and under the 
American Bureau of Welding. He also 
referred to the first Journal published by 
the Society and some of the questions 
which were raised in that issue. He paid 
tribute to the work of H. M. Hobart, now 
retired, who at that time was Chairman 
of the University Research Committee. 

Final meeting of the season will be held 
on May 21st at the Engineers Club. A. 
6 . Kinzel, Union Carbide and Carbon 
Co., will speak on "Recent Metallurgical 
Developments.” 

PORTLAND, ME. 

The Portland Section held its March 
meeting on the 29th at the Elks Home. 
The 42 who were present enjoyed a semi- 
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shore dinner and heard a fine address by 
Prof. P. E. Kyle of Massachusetts In¬ 
stitute of Technology, on "Metallurgy 
of Welding." Slides were used for illustra¬ 
tion and nearly everyone entered into the 
open discussion which followed 


. ROCHESTER 

Charles H. Jennings of the Westinghousc 
Electric & Mfg. Co., discussed the subject 
"Distortion Problems in Welding” at the 
April 9th meeting held in the Lower 
Strong Auditorium, University of Roch¬ 
ester River Campus. Fundamental.^ 
controlling the distortion resulting from 
-welding were considered both from the 
theoretical and practical aspects. Residual 
stresses and methods of eliminating them 
were discussed. 


ST. LOUIS 

The regular monthly meeting was held 
on March 9th at the Engineers’ Club. 
"Metallurgy in Welding" was presented 
by R. B. Lincoln, Director, National Weld 
Testing Bureau, a Division of Pittsburgh 
Testing Laboratory. Mr. Lincoln's talk 
was profusely illustrated with slides, and 
presented in a manner so that it wa.s 
completely understood by everyone 
present. 

The St. Louis Section is sponscuing a 
monthly publication entitled "Welding 
Sparks," the .first issue of which was 
dated March 1945. 


SAN FRANCISCO 

The February meeting of the San Fran¬ 
cisco Section was held at the Bethlehem 
Steel Co, Fabricating Division Plant. 
Alameda, Calif., on Friday. February23rd. 
Chairman C. M. Doggett presiding. 
There were 123 members and guests in 
attendance. 

R. E. Gauthier, District Engineer, 
Bethlehem Steel Co., addressed the 
assembly. 

The meeting adjourned at 9:15 P.M. 
Immediately thereafter, the group wa.«5 
escorted through the Fabricating Steel 
Division 'Plant and aboard the largest 
troop ships ever built on the Pacific Coast. 

Orchids to Mr. Zuckerman and his co¬ 
workers for the very excellent manner in 
which this tour was conducted. 


SOUTH TEXAS 

George L. Wiley, Welding Engineer for 
Big Three Welding Equipment Co., 
talked on "Positioned Welding” at the 
March 16th meeting. The Hamischfeger 
Corp. furnished very interesting and 
educational pictures on "New Horizons, 
in Welding” 


SYRACUSE 

Walter T. Brooking of R. G. LeTour- 
iieau, Inc., was the guest speaker at the 
April 12th meeting held at the Syracuse 
Mus um of Fine Arts. Mr. Brooking’s 
subject was on "Arc Welding Production 
of Heavy Earth Moving Equipment." 
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Better Welds 

WELDING RODS 


EUTECTIC welds are: SMOOTHER • STRONGER 

• BETTER COLOR MATCHED • MORE MACHINABLE 

• FASTER TO MAKE and REQUIRE LESS HEAT, 
avoiding distortion^ stresses and overheating 




No Other welding or brazing process affords 
welders such a combination of advantages at 
such low bonding temperatures (as low as 
340®y) and little heat consumption. 

Metallurgists and welders have long, been 
aware of the tremendous advantages welding 
at Low Thmperatures would have in metal 
joining. If it were possible to gain the advan¬ 
tage of the strong bond formed by fusion 
welding without resorting to high tempera¬ 
tures, the ideal in welding would be achieved 
and an all-round better weld obtained. 


EUTECTIC Low Temperature Welding, 
the most revolutionary welding development 
of modem times, enables you to weld jointo 
at temperatures below the fusion points of 
base mefa/s—eliminating the many hazards 
of high temperature fusion welding. 

All metals can be joined by the EUTECTIC 
process. No special skill is required ... no ex¬ 
tensive training needed. All standard meth¬ 
ods of heating are employed: Gas—Arc—Fur¬ 
nace and others in combination with the new 
EUTECTIC Welding Rods and Fluxes.. 


If you have Oxy-Acetylene or Arc welding equipment all you need is an assortment of Eutectic 
Rods in order to add this important improvement to your equipment. Get the facts today I Fill 
in the coupon at once for full information. 





EUTECTIC WELDING ALLOYS COMPANY 

Originators of Eutectic Lew Temperature Welding 
40 Worth Street, New York 13, New York 


EUTECTIC WELDING ALLOYS COMPANY 
40 Worth Street, New York 13, New York Room lllOF 

Please send me full information for purchasing an introductory 
assortment of important Butecrods for production . . . Salvage 
and Maintenance welding. 

Name_ 


Company. 


^Position. 


Address. 


City 

















TIDEWATER 

The regular month y meeting of the 
Tidewater Section of the American 
Welding SoaBTV was held Tuesday. 
March 13th, at 8:00 P.M. in the Fleet 
Reserve Hall, 305 High St., Portsmouth. 
Va. 

The meeting was called to order by 
C. O. Barham, chairman, who also 
introduced the speaker, A. N. Kugler, 
representative of Air Reduction Sales Co.. 
New York. 

Mr. Kugler gave a very interesting and 
educational lecture on welded jigs and 
fixtures, and general gas welding and 
brazing practices, which he illustrated by 
the use of lantern slide pictures. He also 
related various experiences he has had in 
his line of work, during the vast expansion 
period of production; and the many 
miracles that have been performed, by 
the use of jigs, and the various metal 
cutting and welding equipment. 

The meeting was adjourned, and light 
refreshments were served. 

Approximately 50 members and guests 
were present. 

TULSA 

The following officers and directors have 


List 


BOSTON 

Avery, Paul F. (B), Avery & Saul Co., 
297 Dorchester Ave., S. Boston 27, 
Mass. 

BeU, Frederick J. (C), 243 North St., 
S^o, Me. 

Foley, Thomas F. (C), Avery & Saul Co., 
297 Dorchester Ave., S. Boston 27, 
Mass. 

Harris, Chapin E. (B), Avery & Saul Co., 
297 S. Dorchester Ave., S. Boston 27, 
Mass. 

Hutchins, Roger D. (C), Northwood 
Ridge. N. H. 

Johnson, Richard C. (B). Avery & Saul 
Co.. ^7 Dorchester Ave., S. Boston 
27, Mass. 

La Plant, Chas. F. (B), Avery & Saul 
Co., 297 Dorchester Ave., S. Boston 
27, Mass. 

Purdy, F. J. (C), 81 Jeffrey St., E. Wey¬ 
mouth, Mass. 

Scott, Roger M. (C). New England Butt 
Co., 304 Pearl St., Providence, R. I. 

Shelton, Albert E. (B), 808 Lake St., 
Belmont, Mass. 

Taylor, Van Ness (B), Avery & Saul Co., 
297 Dorchester Ave., S. Boston 27, 
Mass. 

Walsh, Thomas B. (B), Avery & Saul Co., 
297 Dorchester Ave., S. Boston 27, 
Mass. 


been elected by the Tulsa Section and have 
taken office as of March 15tb: 

Chairman, James G. Mcllhiney; Vice- 
Chairman, R. L, Looney; Secretary, James 
B. Davis; Treasurer, Cecil Wells. 

Directors: H. E. Krause, J. F. McKel- 
vey, J. C. Holmberg and F. D. Davenport. 

Directors who have 1 more year to serve; 
Emil C. Hinkefent, Parker Patterson, J. C. 
McKinley and Jake Neet. 


WASHINGTON. D. C. 

At the regular monthly meeting held 
on the 13th of March, Mr. Ira T. Hook, 
Research Engineer, American Brass Co., 
addressed the members and guests on the 
subject “Copper and Copper Alloys in 
War and Peace." Many important 
properties of the metals were interestingly 
presented by a color film, “Copper Goes 
to War." A most interesting discussion 
period followed. 


WESTERN MASSACHUSETTS 

Mr. Arthur Gray, of the Haynes Steel 
Co., was the guest speaker at the Feb¬ 
ruary meeting. Mr. Gray presented an 
excellent talk on hard surfacing with vari¬ 


March 1 to March 31, 1945 


BRIDGEPORT 

Skibo, Joseph R. (B), Laurel PI., Derby, 
Conn. 

BRUNSWICK 

Bates, Ralph L. (B), 6053 Drive 6, Bruns¬ 
wick, Ga. 

CHATTANOOGA 

Jones, Albin O. (B), 327 Lincoln Ave. 
S., Fayetteville, Tenn. 

CHICAGO 

Carlson, W. G. (C), 3753 Janssen Ave., 
Chicago 13. lU. 

Dewees, C. B. (C), P. O. Box 233, Claren¬ 
don Hdls. lU. 

Fisher, A. (B), 6601 S. Oak Park, Chicago 
38, lU. 

Foley, Russell W. (B). Foley & Lavish 
Eng. Co., 2219 W. Ogden Ave., Chicago 
12, III. 

Foley, Wm. J. (B), Chicago Welded 
Prods. Co., 1109 W. Belmont Ave., 
Chicago 13, Ill. 

Fox, Jules J. (C), Lepel High Frequency 
Labs., Inc., 230 E. Ohio St., Chicago 
11. Ill. 


ous types of rods. His talk was illustrated 
by several excellent slides. An interesting 
question and answer period followed. A 
sound movie. “Manufacturer of Stainless 
Steel," was presented. Fifty-four members 
and guests were present. 

WESTERN MICHIGAN 

L. S. Marsh, Metallurgical Consultant 
for Inland Steel Co., Chicago, spoke at 
the March 26th meeting of this Section 
on the subject “Why the Steel Industry 
Is Interested in Welding." A technicolor 
movie was also shown. 

YOUNGSTOWN 

The Youngstown Section held its best 
meeting of the season on March 15th. 
Sixty members and guests beard Mr. G. 
N. Sieger, President of S.M.S. Corp., 
Detroit, present an interesting lecture on 
“The Story of Resistance Welding,” 
which was followed by a lively discussion. 
J. F. Maine, Vice-President of District 
No. 4, helped in making this meeting a 
success and brought with him a delegation 
from the Cleveland Section. Ben L. Wise 
was instrumental in promoting a large 
turnout from Warren. 


Gregson, Milo August (B), International 
Harvester Co., East Moline Wks., 
E. Moline, Ill. 

Grill, Milton J. (C). 4149 N. Keystone 
Ave., Chicago 41, Ill. 

Hanert, Edwin (B), 2034 W. James St., 
Chicago 9, Ill. 

Hertel, Jerome P. (C), Murray Iron 
Wks. Co., Burlington, Iowa. 

Hoeller, Robert L. (C), 7304 S. Emerald 
Ave., Chicago 21, 111. 

Jorand, Melvin C. (B). 909 W. 76th St., 
Chicago 20, HI. 

Lavish, Joseph G. (B). Foley & Lavish 
Eng. Co., 2219 W. Ogden Ave., Chicago 
12. Ill. 

Lewis, Fred H. (B), Wall Chemicals Div., 
Liquid Carbonic Corp., 3100 S. Kedzie, 
Chicago, III. 

Maver, George E. (C), 4940 E. End Ave., 
Chicago 15, Ill. 

Nowak, Stanley (B), 4242 W. Adams St., 
Chicago 24, lU. 

Sills, Edward B. (B), Master Industries, 
Inc. 2415 S. Prairie Ave., Chicago, Ill. 

Taylor, E. Winthrop (B), S. G. Taylor 
Chain Co., Box 509, Hammond, Ind. 

Villegas, Roman (C), P. O. Box 166, E. 
Chicago, Ind. 

Yuseka, Paul Andrew (C). 1801 S. 50tb 
Ave., Cicero 50, Ill. 
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CINCINNATI 


rundl, Wa^e B. (C), 839 Elberon Ave., 
Ciocinoatj 5. Ohio. 

CLEVELAND 

BOer, Joseph (C), Warner & Swasey Co., 
5701 Carnegie Ave., Cleveland 3, Ohio. 

Bmn, J. F. (B), Warner & Swasey Co.. 
5701 Carnegie Ave., Cleveland 3, Ohio. 

Craig, W. H. (B), Warner & Swasey Co., 
5701 Carnegie Ave., Cleveland 3, Ohio. 

Dendier, Alb^ S. (B), Albeflo Welding 
Co., 6510 St. Clair Ave., Cleveland 3, 
Ohio. 

Fox, L. J. (B), Warner & Swasey Co., 
5701 Carnegie Ave., Cleveland 3, Ohio. 

Hrabak, Edward (B). Albeflo Welding Co., 
6510 St. Clair, Cleveland, Ohio. 

Eoriey, Edgar (C), Cluunpion Rivet Co., 
E. 108th & Harvard Ave., Cleveland, 
Ohio. 

OMeokamp, Henry A. (B), Warner & 
Swasey Co.. 5701 Caniegie Ave., 
derd^d 3, Ohio. 

Pmr, Uaxtnd M. (B), Welding & Cut- 
tinf Supply Co., 2401 Carnegie Ave., 
Oerdand 15, Ohio. 

Spiak, A A (B), Warner & Swasey Co., 
5701 Carnegie Ave., Cleveland 3, Ohio. 

inEami, James D. (B), Warner & Swasey 
Co.. 5701 Ctunegie Ave., Cleveland 3, 
Ohio. 

Vmg, Richard B. (B). Box 3021. Euclid, 
Ohio. 


COLUMBUS 

Dow, Wm. H., Jr. (B). 77 W. Mayard 
Ccrfumbus 2. Ohio. 

Hyrtt, John C. (B), Patton Mfg. Co., 
1802 W. Pleasant St., Springfield, Ohio. 

Htrtia, Dtfid C. (C), Battelle Memorial 
Tost., Coinmbus, Ohio. 

RcDonald, Scdon (C), 7 Elmwood Ave., 
Mt Vernon, Ohio. 

8 «er, Wm. O. (C). Williams & Co., 
Inc.. 31 N. Grant Ave., Columbus, 
Ohio. 

iieppd, Perry J. (C), 350 Kinbrook Dr,, 
Worthington, Ohio. 

TbompMn. Walter H. (B), Colo. A. S. F. 
Depot, 169 Grant Ave., Grove City, 
Ohio 


DETROIT 

Ifanra J. (B), Master Welded 
Prods. Co., 8620 Gratiot, Detroit 13, 
Mich. 

Peter C. (B). 625 E. Grand Blvd., 
Detroit 7, Mkh. 

Ouk, H. R. (B). Ford Motor Co. of 
Canada, Ltd., Windsor, Ont., Canada. 

Cnnpton, Geo. W. (B). La Salle Elec. & 
Mffl Supply Co.. 1360 Franklin St,. 
Detroit 7, Mkh. 

Caamiakey, M. T. (B). U Salle Elec. 
A Min ^pply Co., 1360 Franklin St., 
Detroit 7, Mi^. 

waon, Jamea C. (C). Robinson Welding 
Supply, 1951 E. Ferry St.. Detroit. 
Mich. 

^■ther, George (C), Harris & Fischer 
Iron Wks., 1105 S. Water St., Saginaw, 
Mich. 

Mbert, Walter B. (B), Detrex Corp., 
13005 RiUvkw Ave., DWoit 27, Mkh. 

Hadley, Fred F. (B). 834 Church St.. 
Plpiouth, Mkh. 

Hanii, Uardull (C), Harris & Fischer 
Iron Wits,, 1105 S. Water St.. Saginaw, 
Mkh. 

H^way, B. (B). L. A. Young Steel & 
wke Corp.. 9200 Russell St., Detroit 
11. Mkh. 

JobaMo. Floyd A (B), La Salle Elec. & 
MiD Supply Co., 1360 Franklin St., 
Detroit 7. Mkh. 

IMS 


Joiner, W. S. (B), Ford Motor Co. of 
Canada. Ltd., Windsor, Ont., Canada. 

Lee, Chaa. (B), Ford Motor Co. of Can¬ 
ada. Ltd., Windsor, Ont., Canada. 

Liu, Capt Ping-Nan (C), Y.M.C.A.. 
Flint, Mkh. 

Martin, Calvin (C), 015 Lapeer St., 
Saginaw, Mkh. 

Moxlow, Wm. E. (B), La Salle Elec. & 
Mill Supply Co., 1360 Franklin St., 
Detroit 7, Mich. 

McDaniel, Harry K. (C). McDaniel 
Welding. 714 N. Saginaw, Holly, Mkh. 

McFadden, T. B. (B), Ford Motor Co. 
of Canada, Ltd., Windsor, Ont., Can¬ 
ada. 

McKinstry, Thos. O. (B), La Salle Elec. 
& Mill Supply Co., 1360 Franklin St., 
Detroit 7. Mich. 

Mullen, Henry A. (B), 866 Simpson St.. 
Plymouth. Mkh. 

Nelson, G. P., L. A. Young Steel & Wire 
Corp., 9200 Russell St.. Detroit II. 
Mich. 

Rankins, Fred D. (B), Master Welded 
Prods. Co., 8620 Gratiot, Detroit 13, 
Mkh. 

Renwick, R. J. (B), Ford Motor Co. of 

. Canada. Ltd., Wmdsor, Ont., Canada. 

Smith, Louis J. J. (B), La Salle Elec. & 
Mill Supply Co., 1360 Franklin St., 
Detroit 7, Mich. 

Sonnebom, Artimr B. (A), Natl. Electric 
Welding Machines Co., 631 Fisher 
Bldg., Detroit 2. Mich. 

Stafford, W. (C), Ford Motor Co. of 
Canada. Ltd., Windsor. Ont., Canada. 

Van Hove, H. (B), L. A. Young Steel & 
Wire C^p., 9200 Russell St., D«troit 
11. Mkh. 

Walker, J. A. (B). Ford Motor Co. of 
Canada. Ltd., Windsor, Ont., Canada. 

Wei, Chao-Yung (C), 331 Y.M.C.A.. 
Flint. Mich. 


INDUNA . 

Bauer, Bdna B. (C), R. 6. Anderson, Ind. 
Grimes, W illiam Frederick (C). 8070 E. 

Circle Dr., Dayton 5, Ohio. 

Heldt, Orville B. (B), 27 S. Downey Ave., 
Indianapolis, Ind. 

Hicks, Earl M. (C), Hicks Body Co., 
510 Indianapolis Ave., Lebanon, Ind. 
Wahl, Clarence W.'{C). Hicks Body Co.. 

510 Indianapolis Ave., Lebanon, Ind. 
Wilhelm, O. H. (C), National Cylinder 
Gas Co., 909 N. Capitol Ave., Indian¬ 
apolis, Ind. 

Williams, C. Walter (B). 343 N. Ritter 
Ave., Indianapolis 1, Ind. 


KANSAS CITY 

Clark, E. E. (C), 315 W. 9. Kansa.s City, 
Mo. • • 

Park, C. A. (C). 109 N. Gladstone, Kan- 
sas City 1, Mo. 

LEHIGH VALLEY 

Hendricks, Howard W. (C). 614 Ontario 
St., Bethlehem, Pa. 

Reuber, Tillman H. (B), Allentown Iron 
Wks., 250 N. TTiird St., Allentown, Pa. 

Weindel, Frederick J. (B), L. F. Grammes 
& Sons, Inc., Allentown, Pa. 

Wummer, Wm. R. (C), 902 Broadway, 
Bethlehem, Pa. 


LOS ANGELES 

Bisbee, Jack E. (C),' 11009 Scoville Ave., 
Sunlaiid, Calif. 

Fraser, Geo. F. (C), 207 S. Electric Ave., 
Alhambra, Calif. 

Garrison, Wayne (B), 3200 E. Slauson, 
Los Angeles 11, Calif. 

Grant, R. J. (C). Wilmington Welding & 
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Boiler Wks., 115 N. Marine Ave., 
Wilmington, Calif. 

Hhe, Glen Thomas (C), 339 W. 55 St., 
Los Angeles 37, Calif. 

Hotb, H. A. (C), Air Reduction Sales Co., 
24^ E. 58 St., Los Angeles, Calif. 

Johannsen, Iver H. (C), 2711 S. Willard, 
Garvy, ^lif. 

McGrew, Chas. C. (C). 5438 4th Ave., 
Los Angeles 43, C^if. 

Moore, Chas. B. (C), 848 N. DiUon St., 
Los Angeles, Calif. 

Neighbors, Forrest A. (C), 2653 Pine 
Ave., GsuTrey, Calif. 

Newton, V. C. (C), C. F. Braun & Co.. 
1000 S. Fremont St., Alhambra, Calif. 

PetraUa, Jack J. (C). 25 N. 3rd St.. Alham¬ 
bra, C^lif. 

Smith, Chas. Brent (B), 5916 El Mio 
Dr., Los Angeles 42, C^if. 

Stone, Bert L. (B). Hydiil Corp.. 1000 
Alhambra Ave., Los Angeles 12, Calif. 

Uhl, V. A. (C). 427 S. McPherrin Ave.. 
Monterey Park, Calif. 

Vincent, John (C). 5250 Via Corona, 
Los A^eles, Calif. 

WUson, H. D. (C). 809 S. 9th St., Alham¬ 
bra, Calif. 

LOUISIANA 

Baker, V. O. (B), 36 Davis Blvd., New 
Orleans 20, La. 

MARYLAND 

Betx, Talbot H. (B), 6217 Eastern Ave., 
Baltimore 24, Md. 

Brocato, Vincent Paul (C), 617 Melville 
Ave., Baltimore 18, Md. 

Higinbothom, Fran^ (C), 5737 First 
Ave., Halethorpe, Md. 

Moore, Joseph W. (C). 7216 Harford Rd., 
Baltimore 14, Md. 

Zink, John H. (B), Heat & Power C«p., 
428 E. Saratoga St., Baltimore 2, Md. 

MICHIANA 

Decker, Lee T. (C). R. R. 1, Box 146, 
Elkhvt, Ind. 

Jessup, Kenneth (C), 306 W. Wayne St., 
Dowagiac, Mich. 

MILWAUKEE 

Horton, Chet T. (B), 2724 N. Stowell 
Ave., Milwaukee 11, Wis. 

Te Luidert, Geo, (C), Optenberg Iron 
Wks., Cedar Grove, Wis. 

Wepfer, Geo. R. (C), 1630 N. 38th St., 
Milwaukee 8, Wis. 

Wolfe, M, J. (B), The Wolfe-Kote Co.. 
705 Center Ave., Sheboygan, Wis. 

NEW JERSEY 

Babish, John P. (C), 628 Magnolia Ave., 
Elizabeth, N. J. 

Crothers, James D. (C), Asbury & Hud¬ 
son Ave., Atlantic Highlands, N. J. 

Forlenza, A1 (C). Century Welding & 
Fabricating Co., 33 Adelaide St., Belle- 
vUIe, N. Y. 

Funai, George (C), 160—4th Ave., 

Brooklyn 17, N. Y. 

Herbst, H. T. (B), The Linde Air Products 
Co:, 686 Frelinghuysen Ave., Newark 6, 
N. J. 

Hescock, Ethan A. S. (C), 142 Mohawk 
Dr., Cranford, N. J. 

Lentoski, Henry (C), 401 N. Gtove St , 
E. Orange, N. J, 

Merola, Montano (C), 618 Elm St., Ar¬ 
lington, N. J. 

Moore, C. R. (C), Ironia Rd., Mendham, 
N. J. 

Ott, Clarence T. (C), 1866 Hudson Blvd., 
Jersey City, N. J. 

Schick, J. J. (C), 78 North Ave., Fan- 
wood, N. J. 
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Schmidt, Frank (C), 655 Ferry St., New¬ 
ark. N. J. 

Visco, Miss Dora C. (C), 252 E. 117th St., 
New York 35, N. Y. 

Tesrille, Louis (C), 158 Ward PI., S. 
Orange, N. J. 

Zimmerman, Henry (C), 1942 Ostwood 
Terrace, Union, N. J. 

NEW YORK 

Pandel, John P. (C), 153 St. & Cromwell 
Ave., Bronx, N. Y. 

Horowitz, Wm. J. H. (B), 739 W. 186 
St., New York 33, N. Y. 

Inman, Nelson S. (B), 1 Abrams PI., 
Lynbrook, N. Y. 

Neely, Wm. L. (C), 734 W. Outer Dr., 
Oak Ridge, Tenn. 

Preston, Wm. M. (C). 39-26—55 St., 
Woodaide, N. Y. 


NORTHWEST 

Grohs, W. H. (B), 1378 Blair Ave., St. 
Paul 4, Minn. 

McGonigle, Fred A. (C), Power Tools, 
2276 W. Como Ave., St. Paul 8. Minn. 
Real, Ralph (C), 2201 E. 34th St., Minne¬ 
apolis 7, Minn. 


PEARL HARBOR 

Ahue, Charles, Jr. (C), 3307 George St., 
Honolulu, T. H. 

Brian, Richard E. (C), 1965 Ala-Wai 
Blvd. Apt. 8, Honolulu, Hawaii. 

Kam, Richard Y. S. (C). 2816 Pauoa Val¬ 
ley Rd., Honolulu 23, T. H. 

Potter, Baker W. (C), 2457 Ala-Wai Blvd., 
Honolulu, T. H. 

Shavelenko, Igor A. (C), Progress Section, 
U. S. Navy Yard, Pearl Harbor, 
Hawaii. 

PEORIA, 

Johnson, A. W. (C), 708 Laura Ave., 
Peoria, Ill. 

Kinney, John T. (C), Caterpillar Co., 
Peoria, Ill. 

Mahan, Walter L. (C), R. R. 7, Decatur, 
Ill. 

McGowan, Donald E. (C), 5916 S. Madi- 
son St., Bartonville, Ill. 

Smith, Clyde G. (C), Meyer Furnace Co., 
R. 2, Washington, Ill.. 


PHILADELPHIA 

Hale, W. C. (C), South Chester Tube Co., 
Front & Thurlow St., Chester, Pa. 
Langley, Claimont J. (C), 700 Station 
Ave., (B-lOO), Haddon Hts., N. J. 
Markel, S. E. (B), 1396 New York Ave., 
Trenton 8, N. J. 

Skntta, Frank R. (C), 334 E. Upsal St., 
Philadelphia, Pa. 

Waggoner, Alvin G. (B), 1421 Arch St., 
Central Y.M.C.A., Philadelphia, Pa. 


PITTSBURGH 

Worley, E. B. (C), Route 3, Box 93, Wis- 
ton, W. Va. 


PORTLAND, ORE. 

Denhart,' Howard L. (B), 236 N. Holland, 
Portland, Ore. 

Foster, R. E. (C), 2112 N. E. 61, PorUand, 
Ore. 

Gregg, Duncan S. (B), 4103 Grant St., 
Vancouver, Wash. 

Quarles, James B. (B), 1029 N. E. Thomp¬ 
son, Portland 12, Che. 

Starr, Norman L. (B), 7435 N. Buchanan, 
Portland, Ore. 


sae 


PUGET SOUND 

Nelander, Harland (C). 6937—31st S. W., 
Apt. 1138, Seattle 6, Wash. 


QUAD CITIES 

Flodeen, Albin H. (C), International Har¬ 
vester Co., Farmall Wks., 505—41 St.. 
Rock Island, Ill. 

Graflund, K. T. (C), International Har¬ 
vester Co., 605^^1st St., Farmall 
Wks., Rock Island, Ill. 


ROCHESTER 

Haddleton, Herbert (C). 327 N. Drive, 
Rochester, N. Y. 

Lathrop, Norman C. (C), 250 Chili- 
Gates Town Line Rd., Rochester I, 
N. Y. 

Lester, Bernard M. (C), 92 Cleon St., 
Rochester 5, N. Y. 

Williams, David G. (B), 21 Perrin St., 
Fairport, N. Y. 


SAN FRANCISCO 

Howell, W. R. (C), P. O. Box 1648, 
Stockton, Calif. 

Russell, A. A. (C), P. O. Box 1648, Stock- 
ton, Calif. 

Staack, Ed (C), 900 High St., Oakland I, 
Calif. 

Trzyna, B. R. (C). 265 W. 6th St., Stock- 
ton, Calif. 


ST. LOUIS 

Hatfield, Chas. B., Jr. (C), Midwest 
Piping & Supply, 1450 S. 2nd St., St. 
Louis 4, Mo. 

Ratbbun, Andrew D. (B), Usona Mfg. 
Co.. 3512 Chouteau Ave., St. Louis 3, 
Mo.* 


SOUTH TEXAS 

Pennybacker, Percy V. (B), Bridge Div., 
Texas Highway Dept., Austin 26, 
Tex. 


SYRACUSE 

Colvin, Robt. J. (C), 1562 Westmoreland 
Ave., Syracuse, N. Y. 

Hammon^ Rodin H. (C), 360 Oakwood 
Ave., Ssracuse 5, N. Y. 

Schliecker, Louis H. (C), 357 CooHdge 
Ave., Syracuse, N. Y. • 


• TIDEWATER 

Cook, Carlas B. (C), 203 Garrett St. 

Wm. Ct., Pmtsmouth, Va. 

Goode, W. B. (C), W. B. Goode Co., 404 
W. Broad St., Richmond 20, Va. 

Jean, Andrew J. (B), lllSVt Dinwiddie 
St., Portsmouth, Va. 

Jones, P. J. (B), 22 Jewell Ave., Ports¬ 
mouth, Va. 

Spangler, Amo E. (B), 1022—20 St., 
Newport News, Va. 


TOLEDO 

Fouke, W. Clare (C), 918 Buckeye St., 
Genoa, Ohio. 

Zahariadis, Peter (C), 3001 Pemberton 
Dr., Toledo 6, Ohio. 


TULSA 

Woolslayer, H. J. (B), Lee C. Moore & 
Co., Inc., Box 216, Tulsa, Okla. 

THE WELDING JOURNAL 


WASHINGTON, D. C. 

Apblett, Wm. R., Jr., (C), Naval Research 
Laboratory, Bellvue Station, Metal¬ 
lurgy Div., Washington 20, D. C. 

Dawson, Walter F. (C), U. S. Navy, 
Bureau of Yards & Docks, Drydock 
Section, Main Navy Bldg., Rm. 2449, 
Washin^on, D. C. 

Kram, B^ Harvey L (B), U.S.N.R., 
U.S.N. Mine Warfare Test Station, 
Solomons, Md. 


WESTERN MICHIGAN 

Beenen, J. B. (B), Michigan Welding 
Co., 343 Gmndville Ave., Grand 
Rapids, Mich. 

Newby, Thos. B. (B), F. Ranville Co., 241 
Pearl St., Grand Rapids 2, Mich. 


WESTERN NEW YORK 

Binkley, H. O. (B), Industrial Welding 
Co., 1126 Whitney Ave., Niagara PtUls, 
N. Y. 


WICHITA 

Houser, K. O. (B), 528 S. Belmont, 
Wichita 9, Kan. 

White, Roy (B), 1425 S. Wichiu St., 
Wichita, Ku. 

Nole: "List of New Members" who joined 
«n March and other members who were re¬ 
classified, will be continued in the June 
issue. 


LINCOLN GOLD MEDAL AWA RD O F 
THE AMERICAN WELDING SOCIETY 

Papers received for publication in The 
Welding Journal of the American 
Welding SociBry describing clearly origi¬ 
nal work done by the author or authors 
or under their supervision on welding in 
any of its aspects by any method or 
process are eligible for this year’s award 
of the Lincoln Gold Medal if they appear 
in or before the July issue of The Weld¬ 
ing Journal and also have been delivered 
or s^eduled for delivery before a meeting 
of the American Welding Society or a 
meeting of any section or division of the 
Society. Papers received too late for 
publication before that time will be eligible 
for the 1946 award if they are delivered or 
appear in The Welding Journal in any 
of the succeeding twelve months. 

The Lincoln Gold Medal is awarded 
annually to the author or authors whose 
paper is chosen by the Board of Awards 
of the American Welding Society as the 
greatest original contribution to the ad¬ 
vancement and use of welding. Other 
requirements for eligibility are that a 
paper must be a full disclosure of the 
subject treated and that it shall contain 
no unethical advertising or sales promo¬ 
tion. Papers having more than three 
authors are not eligible. Authors need 
not be members of the American Weld¬ 
ing Society. 

The donor of the annual award is Mr. 
J. F. Lincoln, President, Lincoln Electric 
Company. The presentation is made each 
year at the Annual Meeting of the Society 
and, when papers have joint authors, each 
author received a medal and a certificate 
of award. 
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JET PROPULSIOM WELDIHG 


Under a secrecy order, Arcos has been 
working for over two years on an electrode 
,0 weld the new metals developed lor iet 
propulsion planes. The electrode must pro¬ 
duce a weld metal that will withstand the 
great temperatures and stresses encoun¬ 
tered in the engines of these speed demons 
of the air. 


Arcos may not disclose publicly the chem¬ 
istry or the physicol properties of this new 


weld metal.lt can and hereby does advise 
those involved in the manufacture of jef 
propulsion engines, that it is prepared to 
give them the proper electrode. 

Arcos didn't seek this problem —the 
problem sought Arcos. It is only one of 
several tough ones solved by Arcos, and 
we are always prepared to take on new 
ones. That's the way Arcos makes friends. 


•MtM, MM.. 
MIM*. M. . . 

III. 

CInciMiAtl. Ohi*.. 




ARCOS CORPORATION 310 Cull Bldg.. PHILA. 2, PA. 

Your Arcoi DiUrihutor it uvll Informed. Your Arcos Dittrihutor has slocit. 


• .KArt lAituMtrui Supply Cc 

.He Bokfr • Co., iac. 

.Hoot, hpai * Co. 

.MtrhlAfrr A Wridrr <*orp. 

.M'llllamA A Co., tnc. 

.wnn^m* A Co., tnc. 

CMmMm. AAI*.wini«m« A Co.. Inc. 

Aolroll. HIcMItM. • . .C. r. PhlMp* A Co.. Inr, 


Krlo. Wtfmm .Aoyd Wi-ldlns Co. 

Frokop, CoMf.Victor Koulpmcnl i*o« 

VI. Worno. »n«..>V«>np tVcIillnp 5up. Co., fnc. 
MooofolOs M««Jll. .MflwalUn Cn« ProducU. Ltd. 
HoMtOM. TomM. . .Champion Rivet Co. of Tmat 
HpmM Cftr* MO..Welder* Supply A Rcpeir Co. 

NInttAPrt. Tom.Slip Nol BelllnC Cerp* 

L«p AncottOs Coin.. Pquipmerti Co* 

Milvmhoes WM.. . . . Machinery a Welder Corp. 


MMIno* III.Machinery 4 Welder Coev. 

Moartrcat, Cofwdo. C*. D.Peler* L Co. of Canada. Ltd. 
Mow prIeoAO 19. to*. .Gulf WeiiUnp Mulp. Co. 

Mow Torti. N. T.H. Dnhrr A Co.. lno« 

OAloMoM City. Ohio..Kart IrttfuDirlal SupPiT Co. 

PoMOs Toaoo.Hart Induotrlal Supply Co. 

RlttaAwrfli, Ra.Winiama A Co., fnoi 

Roeiiand. Ort.4. C. Haaeltlne A Co. 

Mochoolofs M. V... .woidihff Aupplj Co. 


*m Ml.w, CailB.Vteuv < 

Mm rrsMMM. Mil.... .vieur ftilMea < 

SMHM. WlM.. i.T. It«>.lines ( 

f ■>■■■. MMM..J. S. UMelllM*' 

•t. tMl*. MM..UMhlnenr * Vrld.r ^ 

•rrMM*. N. y.WeidM* »e*rlr< 

TalU. OhIUMM..Ibn tM.«<r>M< 

VntMU. .. 
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. . . because only with Hobart do you 
get Multi-Range Dual Control . . . the 
unique feature that makes Hobart the 
most outstanding arc welder on the 
market, from an operator's point of 
view. It's standard with all models of 
Hobart Welders and invaluable to 
welders who want to make consistently 
good welds. Quickly, easily, you can 
select the right combination of voltage 
and amperage to get the exoct “heat" 
you need to produce a sound, ductile 


weld at the greatest possible speed. 
For this reason, all models of Hobart 
Welders are known as Hobart ‘’Simpli¬ 
fied" Arc Welders. Try any model 
Hobart today . . . electric drive, gas 
engine drive, generator only, or AC 
transformer type . . . and you'll agree 
. . . it’s truly "Simplified" welding. 

HOBART BROTHERS CO. BOX WJ.SS; 
Troy, Ohio. "One of the World'i Largest 
Builders of Art Welders.” 


A Better Rod for Eeery Purpose 

H»^n niah« rode l«r 

ap^cilie i«b. t( !• faatad—im> 
~ K«bor1 

ElMttadaa «Bd row*11 vndat 
fi«ad why tb*T’r« iha choie* 
(hM* wh« wont 
Wnio let you# pnco Hat. 



>Ry Me of Hiete vnlwable books will be sent without cost 


.. 1 Caa^ute Caio- 
iM •• a>c Weldioe 


G 2 ria>liii A«CM- 

Celeley X,c 

Sepoto 


I I 3 ''Simplillad Ate 
Waldino end Tha Hun¬ 
dred Weya It PeTS-' 

n 4 "Contnen Feulia 
fa Arc Waldlng Dationa, " 


Q 5 ••Walder i Va.i 

Peckat Inatruction Guide ’ 

I I 4 "Can You Patani 
on Arc Wcldad Daaion?" 


, f 7 "A Ins T^ousta ika Kobeil Arc Waldisg Tiode Scbaol. 


fJ-65. trot, OHIO 


□ 8 Practical Arc 
Wotdin^ Tfxl Book ond 
Oporater'f Irdining courao 
—516 pa9es and 512 illua. 
Price S?.00 


nn ^ Prociical Letaone 
Book, (ull ol raluable in¬ 
formation. proceduroa, 
diagrama, chorta. 

Prico I .75 


r~l 1 0 PracKeal Deafen 
for Arc Welding. Vol. J. 

2. 3. 

Prico each S3,50 

Q] Sat of (brae volumea. 
Prica par lei of 3 SIO.OO 

I I Find Cheek Eaclooed O Pleoaa Bend C.O.D. O laaolea Ui 
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An Analysis and Comparison of 
Various Resistance Welding Systems 


By R. L. Longini* 


T here are a number of systems for producing re¬ 
sistance welds by taking power directly from the 
line without any energy storage. These different 
systems vary in their ^ect on the power lines, certain of 
their welding characteristics and their costs. It is the 
purpose of this article to compare all aspects of the non¬ 
energy storage systems. 

Two important characteristics of welders are their 
power requirement and their, power factor. Figure 1 (o) 
shows power factor and how it is related to heat producing 
and reactive powers. 



POWER FACTOR « 

Rfl. 1 (a) 

Power factor is the>ratio of the heat-producing power (kw.) to the 
line power (kva.), as shown in the sketch. 

A welding machine designed for a certain type of weld¬ 
ing operation must have several qualifications. First, 
it must be capable of delivering enough kilowatts to the 
electrodes to produce the desired weld. Second, the me¬ 
chanical constructions must permit the work to ht placed 
between the electrodes conveniently. This second re¬ 
quirement determines the shape of the secondary loop 
and therefore its inductance. Thus the reactive power 
is determined and the right triangle of Fig. 1 (a) is fixed. 

In machines with power factors below 0.5, that is, 
where the reactive power is large and the machine has a 
large inductive electrode throat, the current is largely 
determined by the inductance so that a slight variation 
of resistance has practically no effect on the current. 
Machines with power factors of 0.8 or over are more de¬ 
pendent on stable work resistance than are low power 
factor machines. 

Line voltage drop results primarily from reactive power 
because of the nature of the distribution systems. Fig¬ 
ure 1 (i») shows the relative voltage drop on low-voltage 

* Resistance Welding Engineering Dept-, Westingbouse Electric and Manu¬ 
facturing Co.. Bast Pittsburgb, Pa. 



POWER FACTOR 

Fig. 1 (6) 

The line voltage drop is dependent on the power factor of the 
load and on the actual energy used in the weld. The curve shows 
the relationship between voltage drop and power factor for a given 
kw. power required at the weld. 


systems as a function of load power factor to make a given 
weld. The actual voltage drop will, of course, depend on 
the line regulation and the size of the welder in question. 
Welders operated on 2300-v. lines do not normally pro¬ 
duce nearly as great a relative voltage drop at low power 
factors as do 230- or 460-v. machines having the same 
power requirements. 
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Fig. 2 

Welder operation results in pulsation of voltage which produces 
light flicker. The physiology of the eye is such that ttie frequency 
of pulsation is a determining factor in visual perception of nicker. 
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POWER FACTOR * 60 CYCLE OPERATION 
Fig. 3 

BlThe power factor of various transformer secondary throats varies 
with frequency. Power factor is* a function of frequency and of the 
mechanical stnicture of the throat of the welding machine. Various 
mechanical structures are represented by their power factor at 60 
cycles. This power factor is for the secondary circuit only, and not 
&at of a complete system. 


Though the actual line voltage drop due to welder 
operation may be very small, it may, nevertheless, result 
in objectionable light flicker. The eye is extremely sensi¬ 
tive to flicker if its frequency is in a particular range. 
Figure 2 shows the objectionable voltage variation as a 
function of frequency. If the voltage drop is very bad, 
power and control equipment may even be affected. 

If the line voltage drop caused by an a-c single-phase, 
60-cycle welding machine is too great, power factor cor¬ 
rection may be used to improve conditions. Power 
•factor correction very greatly reduces the reactive power 
requirements and brings the demand down almost to the 
kilowatts required to make the weld. Power factor 
correction on individual machines is not always the most 
economical solution. It may be more economical to in¬ 
crease the size of feeder lines and distribution equipment 
or to operate the welder on 2300 v. directly from a well- 


AECTlFlER 

9 PHASE' 

POWER- 
SUPPLY' 


Fig. 4 (a)—Typical Low-Frequency Welding System 
This system consists of two rectifiers back to back, operating from 
one power transformer. Only one rectifier operates at a time, oper¬ 
ating for */j of a desired low-frequency cycle. The rectifiers, in 
turn, apply voltage of opposite polarity to the welding transformer. 
Thus, for 12-cycle operation, each rectifier, in turn, would operate 
for V*i sec. Power is drawn from the three lines of the three-phase 
system. 



VOLTAGE 


CURRENT 



Fig. 4 (b )—General Shape of Voltage and Current Waves 
from a Typical Low-Frequency Welding System 



POWER FACTOR AT 60 CYCLES 
DETERMINED BY MECHANICAL STRUCTURE 8 WORK 

Fig. S 

Kva. demand is dependent on the low frequency used and on fhe 
power factor at 60 cycles; series capacitor kva. is also shown. 
Some idea of the size of power distribution equipment (not the weld¬ 
ing transformer) can be obtained by this kva, comparison. The 
three-phase to single-phase systems (low frequency) divide the kva. 
demand among the three phases. The series capacitor system, 
being single phase, draws its power from two lines only. The 
curves shown for the low-frequency systems are for ideal control. 
Ordinary controls now available have certain faults at low power 
factor which raise the kva. demand above these curves. 


regulated distribution network. In large plants where 
there are many welders, it may be found desirable to cor¬ 
rect the entire plant power factor rather than individual 
machines as, by so doing, use can be made of the fact 
that not all machines will be operating at one time. 
OTwo methods are used for power factor correction on 
individual a-c type machines. The reactive power can 
be completely eliminated by use of series capacitors. 
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60 CYCLE POWER FACTOR 

Fig. 6 

The curves show how the voltage drop is reduced by power fac¬ 
tor correction systems. By coordinating these curves with that of 
Fig. 2 it is possible to determine whether light flicker can be elimi¬ 
nated. These curves are for an ideal control system. Ordinary 
controls for low-frequency systems now available have certain faults 
which at low power factors, greatly increase the voltage drop. 
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The rea<^ve power can be greatly reduced by operating 
the welder at lower frequency, for example, 10 cycles. 

Because of the great variety of electrode throat shapes, 
work done, size of conductors, etc., it is impractical here 
to bring in each of these factors in the discussion of 
kilovolt-ampere reduction. Each combination of me¬ 
chanical structure and work will, however, determine a 
welder power factor if used on a simple single-phase, 60- 
cycle system. This power factor will be, for our purposes, 
sufficient to designate the various combinations. We will 
frequently refer to 60-cycle power factor when referring 
to systems which are never operated on 60 cycles. We 
will, in this case, mean only the mechanical stiucture- 
work combination would give this welder power factor if 
operated on 60 cycles. Figure 3 shows how the power factor 
of various transformer secondary throats varies with fre¬ 
quency. Note that this is the basic power factor of the 
secondary circuit only and not that of a complete system. 

The low frequency system, in addition to raising the 
power factor, distributes the load among the three phases. 
Thus, instead of a relatively large voltage fluctuation on 
only two lines, this system gives a smaller voltage fluctua¬ 
tion on all three lines as compared with an uncorrected 
a-c single-phase system. 


The over-all utilization (ratio of kilovolt-amperes de¬ 
livered to the throat to the kilovolt-ampere demand on 
the power system) of systems varies. For low frequency 
systems it may be from 70 to 85%, and for the series 
capacitor systems it will be from 90 to 95%. The low 
frequency systems now in use are most easily described 
by a schematic diagram with voltage and current waves 
(Fig. 4) for one of them. Individual systems may differ 
from this in detail, but they are fundamentally the same. 

Both the series capacitor and low-frequency systems 
are used for reducing the kilovolt-ampere demand on the 
line. It is therefore desirable to see just how the kilo¬ 
volt-amperes are reduced by going to these systems. 
The improvement will, of course, depend on just how 
large a portion of the load was reactive in the first place. 
This will be determined by the mechanical structure of 
the throat and the type of work to be done. Figure 5 
shows how the kilovolt-ampere demand to make a given 
weld is dependent on the low frequency used and on the 
power factor at 60 cycles. Series capacitor l?ilovolt- 
■amperes are also shown. 

One of the major purposes of using a power factor 
correction system is ^e reduction of light flicker. The 
three-phase to single-phase systems reduce the voltage 


5000 

4000 

3000 


o 2000 


1000 

0 


■s 



H 











6000 

5000 

4000 

3000 

2000 

1000 

0 




msB 

mil 







!■ 


iSSiWi 

mm 





imfli^m 

mH' 


50 100 200 500 1000 

EQUIVALENT I PHASE 60 CYCLE WELDER DEMAND Kva 
(NOT NAMEPLATE RATING) 

(a) 10% Duty-Comparison Curves 



EQUIVALENT I PHASE 60 CYCLE WELDER DEMAND Kva 
(NOT NAMEPLATE RATING) 

(6) 2S% Duty-Comparison Curves 
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(NOT NAMEPLATE RATING) 

(c) S0% Duty-Comparison Curves 
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(d) 100% Duty-Comparison Curves 

Fig. 7.—Cost of Control Equipment 

A rapid approximation for the cost of any system and a comparison between systems can be obtained by 
use of these curves. These curves are for synchronous control on all systems. Other types of control would 
modify the curves only slightly. 
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drop on two lines even at high power factors due to the 
division of load among the tl^e phases. The series 
capacitor system, however, does a better job of power 
factor correction. When 60-cycle power factor is low 
and much is to be gained by good power factor correction, 
the series capacitor system, in spite of its being single 
phase, is as good as the low-frequency system. Figure 6 
shows the voltage drop producing flicker for both the low- 
frequency and series capacitor system and compares 
them to an uncorrected 60-cycle system. As was previ¬ 
ously mentioned, the three-phase to single-phase low- 
frequency system results in a voltage drop on all three 
lines, whereas the series capacitor drop is on only two 
lines. 

The cost of the equipment will be a deciding factor in 
the selection of the welder in many cases. It is, in gen¬ 
eral, preferable. to use the single-phase system without 
power factor correction wherever possible. If the in¬ 
stallation is large, it will probably be desirable to operate 
from a 2300-v. line rather than a 230- or 460-v. line. In 
general, 2300-v. systems have better voltage regulation. 
When power factor correction for an entire plant is being 
figured, the individual machines will probably be oper¬ 
ated as 60-cyde, single-phase welders. 

A graphical representation of the cost of various sys¬ 
tems is shown in Fig. 7. The cost depends on the type of 


control, duty cycle, power factor of welder transformer 
and load and power supply volt^es. The duty cycle is 
approximately equal to the ratio of time for one “on” 
period to time for one “on” plus one “off” period. The 
cost for single-phase uncorrected systems is independent 
of power factor, for a given kilovolt-ampere. Series 
capacitor and three-phase to single-phase systems will, 
however, depend on the uncorrec^ power factor. 

ConcluAons 

There may possibly be some advantages in the use of 
one system over another for welding on metallurgical 
groimds. On purely electrical grounds however, we can 
draw the following conclusions: 

1. A reduction of light flicker can be obtained by oper¬ 
ating directly from 2300-v. lines instead of on low-voltage 
distribution systems. 

2. Series capacitor systems are the least expensive 
means for power factor correction on individual machines 
either for reduction of kilovolt-amperes or light flicker, 
but do require adjustment if the welding loop is varied, 
and perfect power factor correction is desired. 

3. Voltage pulsations produced by low frequency 
operation f^ in the frequency range of greatest eye 
sensitivity. 


Resistance Welding Progress 

State of the Art in 1915, 1940,1945 

By I. W. Meadowcroft* 


Resistance Welding 1915 

U P TO this time the application of resistance weld¬ 
ing (butt, spot and seam) had developed in the 
hands of shop men who were more interested in 
speed of production than in quality. In fact, the process 
appeared to be so simple that the users of the machines 
nattirally thought that they knew all there was to know 
about the subject. Thus the development was largely 
the result of mechanical ingenuity to the end of produc¬ 
tion speed. Not only was this ingenuity of a remarkable 
order but the results were, on the whole, surprisingly good 
from the standpoint of the objective. Unfortunately 
available methods of test were very meager and unsatis¬ 
factory as were the means for control of the major weld¬ 
ing favors. 

Although some attention was given to quality, many 
failures occurred. The correction was naturaUy more 
welds, in some cases supplemented by rivets. 

A mere enumeration of the devices and methods de¬ 
veloped prior to 1915 is far beyond the scope of this 
review, but a few significant ones may be mentioned. 

Flash welding was rapidly replacing the original butt 
welding process and had already increased the size of 
weldable sections by many times. 

But seam welding in the manufacture of thin wall tub¬ 
ing had already be^ in use for over 10 years but in a 
very restricted field and not well develop^ for broader 
applications. 

* AMt. Work! Matuiger, Edward G. Budd Manufacturiiif Co., Pliila* 
dd^Ua, Pa. 


Lap seam welding with the aid of roller electrodes had 
been known for many years but its development except 
for very thin stock had been practically blocked by la^ 
of understanding of the phenomena involved. It was not 
until a later date that the periodic interruption of the cur¬ 
rent was employed. 

In the case of spot and projection welding enormous 
strides had already been made in the mechanical evolu¬ 
tion of the art. 

For thin-gage material poke welding played a lai^e 
part in the manufacture of the first A&teel automobile 
bodies and was later largely replaced by bar welding, 
which not only improved the quality of the weld but 
also eliminated the fatigue of the operator. 

Resistance Welding 1940 

The rapid strides in the art of resistance welding dur¬ 
ing the past twenty-five years are due in part to increas¬ 
ing demands for quality and in part to new apparatus 
available for control. Developments during the last five 
years are marked by a rapidly growing appreciation of 
the import^ce of a more thorough understanding of the 
phenomena involved from the quantitative or scientific 
point of view. The result is a rapid accumulation of 
accurate knowledge of the relation of the quality of a 
weld to the current, time and pressure for the various 
gages and kinds of material. The appreciation of a 
necessity for more accurate time control has resulted in 
the development of vastly superior timing devices. 
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mechanical, electronic and combinations of both. In 
some critic^ cases recorders are used which give a graphic 
record of the heating power of the current for every weld. 

Much research work is in progress involving a careful 
study of the distribution of heat in the weld zone with 
particular relation to the electrical and thermal resistivity 
of metal and the contact resistance as related to the pres¬ 
sure and temperature. Residual stresses resulting from 
thermal gradients, are more or less damaging. 

Where very heavy currents are necessary for spot 
welding heavy gages of materials it has been found ad¬ 
vantageous to interrupt the current one or more times in 
order to give time for the electrode to cool. 

In seam welding a radical change is taking place which 
involves longer interruptions of cturent between shots. 
This is the (Urect result of the more scientific method of 
attack mentioned above. 

The perct^on welding method which involves either 
the discharge of a static a>ndenser or a magnetic field has 
been appli^ very recently to spot welding by the dis¬ 
charge of a condenser through the primary circuit of a 
welding transformer, also by breaking a diiedt current in 
the primary ^f the welding transformer. Both of these 
methods are definitely superior where very rapid heating 
is desired; for example, in the case of thin material or 
material of high electrical and thermal a>nductivity. 
The increase in the Use of these methods in certain fields 
will be as rapid as the cost of change permits. 

The development of butt seam wdding in the manu¬ 
facture of sted tubing or pipe has been very rapid and 
constitutes a new industry of considerable magnitude. 

In general, there has b^n a greater increase in the in¬ 
telligent application of resistance wdding to critical 
structures in the past ten years than throughout its pre¬ 
vious history. The speed with which the scientific meth¬ 
ods have be^ applied to resistance wdding problems is 
due in considerable part to the work of the Wdding Re¬ 
search Committee of the American Welding Socibtv. 


1945—Advances in the Resistance Welding Ait Duzing 
the Past Five Years 

Most of these advances have been in the way of refine¬ 
ments in existing apparatus and technique, some of 
which are mentioned l^ow. 

However, there was one very important and long¬ 
standing problem which was solved for the first time, 
namdy, ^e successful spot wdding of high-carbon or 
more hardenable steels. This job had never been done 
before without leaving the wdd zone in a very brittle 
state. The process consists essentially in tempering the 
wdding zone, in the wdding machine as a part of the 
wdding process. One or more shots of current are ap¬ 
plied dter the original wdd has partly cooled. The 
timing and intensity of these additional shots, which are 
automatically applied, are critical. . 

The need for such a wdd was thoroughly appreciated 
nearly twenty-five years ago and many ^orts were made 
to produce it. These efforts failed because they were 


along empirical lines of cut-and-try where the number of 
possible combinations of off-intervals with the current 
intensity and on-intervals is practically infinite, when not 
guided by sotmd knowledge of the cooling rates as related 
to the desired metallurgical transformations. 

Thus the opening up of a new and important fidd of 
application for spot wdding was made possible only by 
the application of scientific knowledge well beyond that 
available to most wdding engineers and metallmgists. 

Another important but less spectacular advance is in 
connection with volt^e or current control. Since there 
is no simple instrument available for indicating the cur¬ 
rent ddivered to a spot-wdding circuit, it is obviously 
important to know that the wdding current is always 
the same for a particular job. Unfortunatdy, in the case 
of heavy a-c spot wdding the current is so large that 
the drop of voltage on the feeder is often considerable. 
This would be all right if it were always the same, but 
there may be fifteen or twenty wdding machines on the 
same feeder and when two or mort of these strike at cmce 
the additional voltage drop may be such as to yidd a 
seriously under-strength wdd, unl^ the feeder is de¬ 
signed with more care and Imowledge of probabilities 
than is ordinarily available. 

Two dectronic control devices have been devdoped, 
both of which operate very rapidly, although the final 
correction is not complete untd after the expiration of 
one or two cydes of a 60-cyde current. One of these is 
called a voltage compensator and maintains a constant 
voltage on the primary side of the wdding transf(nmer. 
The other is c^ed a current regulator and maintains a 
constant current. Both are satisfactory with a dtiration 
of current flow of five cydes or more but not so good for 
one or two cydes. 

Another but earlier check is known as the ampere 
squared second recorder which gives a record of this 
itm for every wdd. If the IH is outside of a certain safe 
operating range due to some imusual voltage drop, an 
audible or visible signal is given to indicate that that 
wdd should be made over again. 

All of these three devices together with greatly im¬ 
proved feeder designs have resulted in much greater de¬ 
pendability of each individual wdd. This has been an 
evolutionary process forced upon the industry by much 
unsatisfactory spot wdding in the early days. 

Much is yet to be desired in the flash-wdding fidd, in 
this same direction of quantitative knowledge and con¬ 
trol. Some quantitative research work has already been 
done but there is need for much more. 

Considerable work in this same direction of refinement 
has been carried out in connection with the fabrication of 
resistance wdding tubing, as well as in connection with 
its testing. 

The striking part of this whole pictiu’e is the rapidly 
increasing use of more refined or sdentific methods of 
analysis and of measurement. In other words, the gap 
between the industrial application of this art and the 
scientific knowledge of the complex phenomena involved, 
is gradually being closed. 
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Application and Development of 
Modern Heavy-Coated Arc- 
Welding Electrodes* 

By D. C. Smith and W. G. Rinehart^ 


W HEN the United States became involved in 
World War II the desperate need for large 
quantities of war material forced manu¬ 
facturers to use welding more than ever before as a means 
of fabrication. Electrode producers, in turn, had to 
iflcrease production, improve, modify and develop new 
products to meet the ever-increasing demand of industry 
for better welding electrodes. 

Furthermore, dectrodes capable of producing quality 
weld metal with satisfactory performance when used on 
a.-c. transformer sets were required, and in many cases 
demanded by the fabricator, especially those just chang¬ 
ing to welding processes. A large variation in sizes of 
dKtrodes was also needed. T^ay coated electrodes 
ctf from ‘/a to */i in. in diameter are being used to weld 
matoial varying from a few thousandths of an inch to 
aany inches in thickness. As a consequence, industry 
is successfully welding practically all of the commercial 
metals and alloys; even magnesium which was con¬ 
sidered impossible to arc weld until recently is now being 
welded by the “heli-arc” process. Today the attitude 
is that any structural metal or alloy can be welded given 
the proper electrode and welding procedure. This 
ibih^ to arc weld so many diverse materials and struc¬ 
tures has been made possible by the improvement of old 
»od the development of new electrodes. These im- 
proTements and developments of electrodes are a result 
better knowledge and application of the properties 
of coaling materials. 

hilaence of Coating Materials on the Arc Energy 
Distribution 

The nature and extent of the influence of coating ma¬ 
terials on the properties of arc-welding electrodes is of 
paramount importance to the electrode designer, and 
OM receiving a great deal of study. A review of the 
htcrature indicates, however, that many conclusions 
reached by independent investigators on the action of 
uutoials in the arc are not in agreement. Since em¬ 
pirical methods largely predominate in the procedures 
f'^owed in these fields of investigations, this nonagree- 
ocnt is to be expected. 

The influence of any new compound or element or 
<^g€s in the amount of a compound or element al¬ 
ready pr^nt is often affected by the other materials in 
Ak coating. For example, the influence of ferromanga- 
ooe on the welding properties of an E6020 electrode is 
Ifitly affected by the amount of iron oxide or other oxi- 
wdng materials present in the coating. Thus the con- 
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elusions reached by one investigator studying the in¬ 
fluence of a compound may be quite different from an¬ 
other studying the effect of the same compound on an¬ 
other type of coating. Some better means of, .quan¬ 
titatively measuring Uie i^uence of coating material 
on the arc is desir^ py the electrode manufacturer. 

Alexander^ found that the distribution of total energy 
between anode and cathode is affected by the coating 
materials. The influence of a few of the common coat¬ 
ing materials used in the energy distribution study of 
Alexander’s is shown in Table 1. 


Tabl* l~Influ«ne« of Coating Matarials on tha Enargy Dis* 
txibution of tha Arc Batwaan Cathoda and Anoda for an Iron 
—Iron Qaetroda Systam. (Takan from Alazandark DataO 



Cathode 

Anode 

Coating Materials 

Energy, % 

Energy, % 

Na,0 

48.2 

51.8 

TiOt 

48.9 

51.1 

CaO 

49.3 

50.7' 

Na^O, 

51.8 

48.2 

None (Fe-Fe) 

52.3 

47.7 

MgO 

■■ 53.2 

46.8 

Na,B«OT lOHiO ’ 

' 53.2 

46.8 

Al,0, 

55.6 

44.4 

CaMg}(SiOj)4 

55.8 

44.2 

NaFe(SiO*) • FeSiOi 

68.6 

41.6 


While an investigation of this nature has not been 
conducted in this laboratory, our observations partly 
confirm these results. It appears, however, that the 
effect of any one constituent upon the energy distribu¬ 
tion may be affected by the other materials, a factor not 
indicated by Alexander’s data. 

It appears from the data that any element or com¬ 
pound tending to bring an equal balance of arc energy 
between anode and cathode would improve the a.-c. 
welding properties of the electrode; also that compounds 
or elements which shift the balance of energy toward 
the anode could be used to increase the penetrating 
properties or affect the arc characteristics on reverse 
polarity in some other beneficial way. Likewise, those 
that shift the balance to the cathode could be used to 
produce similar penetrating properties or arc character¬ 
istics for straight polarity welding. 

It is a common practice of electrode designers to use 
coating materials that are arc stabilizers for a.-c. elec¬ 
trodes. Thus we would expect to find that they produce 
a better energy balance between cathode and anode. 
Unfortunately, there have not been sufficient data pub¬ 
lished along this line, known to the authors, to confirm 
or disprove this assumption but it is our experience that 
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the best arc-stabilizing materiala such as titanium and 
potassium compounds are generaBy found in the modem 
a.-c. heavily coated electrodes. 

The Welding Slag 

Just as the steel maker uses slag to control the quality 
of his steel, so must the electrode designer use the slag 
formed by the burning electrode to control the quality 
and shape of the weld deposit. The quality of the weH 
deposit depends in part upon the fluxing action of the 
slag to clean the molten metal of oxides formed during 
the transfer through the arc and to the protective blanket 
formed over the weld metal while cooling. The amotmt, 
density, freezing point and viscosity range of the slag 
help ^ape the bead. The composition of the slag is 
dependent upon the composition of the coating and is 
varied by changing the propmtions or kinds of coating 
material. 

Formulating an electrode coating that will produce 
the right freezing point and viscosity range of the re¬ 
sultant slag is one of the major proUems of the elec¬ 
trode designer. Metals and crystalline solids have a 
sharp melting point passing frcmi ^lid to liquid within 
v^ narrow temperature limits, while sla^ act like 
amorphous materials and do not have a definite melting 
point but soften, become mobile and finally liquid over 
a wide temperature range. While there is no correla¬ 
tion among the freezing point, viscosity range and sur¬ 
face tension, yet they must be conridered togetho* and 
comtitute what the welder calls “fluidity.” 

For vertical and overhead wdding a fluid slag with a 
short viscosity range is needed. The slag must 
fluid enough to clean the molten metal and scarves along 
the joint but freeze close enou^ to the arc to hold the 
metal in place as the welding progresses. A slag t^t 
is toe'fluid will flow away horn the molten pool allowing 
the metal to “sag” or “drip,” fcMpng an uneven sur¬ 
face. Sluggish slags do not dean ^perly and may be¬ 
come entrapped in the wdd deposit. Irregular surfaces 
qtid improper fusion may also resiflt from duggish slags. 
Downhand welding permits the use of more fluid sl^s 
with a greater viscosity range and the resultant deposit 
is of better quality. 

Unpublished data of the R. T. Vanderbilt Co. show 


the freezing point and viscosity range of several com- 
merdal dectrode coatings to be as foUows: 



Freezing Point, 

Viscosity Range. 

Electrode 

“ F. 

*F. 

E6010 

1463-2345 

72^77 

E6012 

2282-2417 

81-287 

E6020 

1940-2138 

81-315 


The authors are unaware of any data on the freezing 
point and viscosity range of the resultant slags. How¬ 
ever, Herty and co-workers* have measured the viscosity 
range of several steel-making slags and their results 
show that very basic slags are more sensitive to tem¬ 
perature changes than weakly basic slags. This change 
of viscosity with temperature makes it possible to design 
coated dectrodes for wdding in all positions. 

To point out some of the recent devdopments that 
have been made in modem heavy-coated dectrodes it 
will be necessary to review some of the information 
given in the literature as each dectrode is considered. 
Since it is beyond the scope of this paper to review the 
developments in all types of dectrodes only the three 
ftmdamental groups and a new ferritic type that is now 
in demand and wUch it is hoped will overcome some of 
the defects of the older dectrodes will be reviewed. 

The three fundamental groups of heavy-coated arc- 
wdding dectrodes are classified by the A.W.S.-A.S.T.M. 
as shown in Table 2. The properties of the new f^ritic 
dectrode are shown in Table 5. 

There has not been any significant change in the core 
wire used in making coated dectrodes during the past 
few years. It is still a rimmed sted of 0.10 to 0.15% car¬ 
bon, 0.40 to 0.60% manganese. A uniform core sur¬ 
rounded by an even rim is very important to insure a 
concentric burning dectrode, whereas an irregular or in¬ 
complete rim causes poor arc characteristics. 

Group I—£6010 and £6011 

The majority of dectrodes used today are of the 
E6010 and £6011 types. They can readily be recognized 
by their nearly straight fillet profile and deep pene¬ 
tration as shown in Figs. 1 and 2 and Table 3. The 


Table 2—Ghasraotariatios of tha Thraa Fundaznantal Elaetroda Oroupa 


Description 


-Group I ■ ■ ■ ■ 

A.W.S.-A.S.T.M. Classification 



No. 

E6010 

E6011 

Welding position 

All 

All 

Best operating currents 

DC-R 

AC or DC-R or S 

Fillet profile 

Flat 

Flat 

X-ray quality* (holes/in.* of weld) 

2-5 

1-3 

Penetration (approx.) f 

2.0 

1.3 

Spatter (approx. %) 

13 

13 

Effidescy (approx. %) 

76 

74 

Physical properties* 



Yield point, psi. 

57,000 

57,000 

Tensile strength, psi. 

68,000 

68,000 

% Elongation in 2 in. 

25 

26 

impact-izod (ft.-lb.) 

57 

64 

Distinguishing coating constitu- 



ent 


Cellulose 


E6012 

—Group II-- 

E6013 

■-Group III- 

E6020 E6030 

AU 

All 

Flat and 

Horizontal 

FUt 

DC-S or AC AC or DC-S or R 

DC or AC 
S-H fillets 
R-flat 

DC-R or 

Convex 

Convex 

Concave 

Concave 

16-20 

3-6 

0-2 

0-2 

1.2 

0.5 

1.5 

2.3 

7 

7 

10 

10 

79 

76 

67 

66 

63.000 

59,000 

58,000 

68,000 

76,000 

70,000 

66,000 

66,000 

18 

20 

28 

28 

36 

40 

64 

64 


Titania 

Iron oxides 


• X-ray quality and physical property values are typical of what may be expected of these electrodes when recommended welding 
procedures and standard methods Of testing are used. 

t Penetration values obtained under condition described in Table 3. 

DC - direct current. S = straight polarity. R = reverse polarity. AC - alternating current. 
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Tig. 1—Fillet Profile of E6010 Made with ^/n-In. Electrode, 
160 Amp., 26 V., Reverse Polarity. 2 X 


fig. 2—Fillet Profile of E6011 Made with */a-In. Electrode, 
160 Amp., 26 V., A. C. 2 X 


E6011 primarily developed for a.-c. welding has only been 
perfected sufficiently well within the last two years to 
take an important place in the industry. The E6010 is 
the electrode most universally used for all classes of 
welding and is approved in nearly all specifications for 
mild steel electrodes. 


Tabl* 3—Ponotration of F^llat Walda Manually Depoaitad 
in tha Flat Position on 1020 Staal with */n-In. Elac> 

trodas 


A.W.S.- 

A.S.T.M. 

Classification 

Current and 

No. 

Polarity 

E6010 

D.-C. Reverse 

E6011 

A.-C. 

E6012 

D.-C. Straight 

£6013 

• A.-C. 

E6020 

D.-C. Straight 

E6020 

D.-C. Reverse 

NRC-2A 

D.-C Reverse 


Amp. 

Volts 

Penetra¬ 

tion. 

Mm. 

160 

26 

2.0 

160 

26 

1.3 

170 

22 

1.2 

170 

20 

0.5 

175 

33 

1.9 

175 

33 

2.3 

195 

26 

1.3 


The electrodes of Group I, Table 2, produce a high- 
quality weld deposit in all positions. To produce these 
properties of good weldability and weld quality when 
used in all positions a coating is required that will: 

1. Give a thin, low-density, fast-freezing slag. 

2. Produce a reducing atmosphere around the arc 

which will exclude the oxygen and nitrogen 
of the air, thus augmenting the slag which of 
itself is insufficient to give the necessary pro¬ 
tection. 

3. Regulate the weld deposit through the viscosity 

and surface tension of its slag, thus enabling 
it to freeze at the desired rate. 


4. Give the desired penetration. 

5. Regulate electrical characteristics of the arc so 

that the electrode will give best operation on 
desired polarities. 

6. Give stability to the arc through ionization of 

coating materials and provide sufficient coating 
to form a cup or sleeve around the end of the 
electrode concentrating and directing the arc. 

7. Produce a slag that is easy to remove. 

8. Act as a flux to purify the weld metal. 

9. Provide a medium through which alloys can be 

added to the deposited metal. 

10. Bind coating materials and core wire together. 

11. Give a low spatter loss or high efficiency. 

To satisfy the first two requirements, coating materials 
must furnish sufficient organic substances which upon 
decomposition will produce the reducing atmosphere 
and material to give the fast-setting slag and weld metal. 
These organic materials are usually cellulosic fiber, gums, 
starches and/or sugars and constitute approximately 
30% of the coating. The protective atmosphere formed 
by this type of an electrode has the approximate com¬ 
position 1.0% CO 2 , 55% CO, 42% Hj and 1.5% water 
vapor. 

Conditions requiring the use of organic materials 
are dictated by the nature of the other coating materials. 
The nature and type of coating desired determine 
whether or not organic materials will be used. For 
example, if bulk is required cellulosic materials are used; 
if otherwise, starches and gums may predominate. In 
addition to furnishing bulk to reduce ^e density of the 
coating, c^ulosic fib^ give strength to the coating by 
interlocking; starches and gtuns furnish a certain amount 
of adhesiveness to help bind the coating materials to¬ 
gether. 



Fig. 3—miet Profile of E6012 Made with Electrode, Rg. 4—Fillet Profile of E6013 Made with Electrode, 

170 Amp., 22 V., Straight Polarity. 2 X 170 Amp., 22 V., A. C. 2 X 
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Fig. 5—Fillet Profile of E6020 Made with Electrode, 

175 Amp., 33 V., Straight Polarity. 2 X 


Fig. 6—Fillet Profile of E6020 Made with Electrode, 

175 Amp., 33 V., Reverse Polarity. 2 X 


Coatings for out-of-position welding must produce 
slags that have a rapid change of fluidity with tem¬ 
perature. The slag must be sufficiently fluid to give 
proper fluxing action while the arc is concentrated in the 
molten pool but will solidify sufficiently fast to prevent 
the metal from running as the arc progresses forward. 
The freezing rate must not be so rapid that it will cause 
slag entrapment in the metal or prevent the dissolved 
gases from rising to.the surface of the weld deposit. 
Fluidity in both slag and weld metal can be controlled 
through the slagging constituents incorporated in the 
coating. Magnesium, calcium and aluminum com¬ 
pounds are generally employed to aid in decreasing the 
viscosity range. Titanium dioxide and silicon dioxide 
are generally employed to increase the viscosity range. 
Thus by balancing the coating with a variation of these 
ingredients the regulation of fluidity to bring about the 
proper freezing rate of weld deposit cap be effected. 
Magnesium is in the coating as silicate such as talc or 
asbestos, calcium as the carbonate and aluminum as 
silicate such as feldspars and/or clays. 

The penetration is controlled by the voltage across 
the arc, the polarity of the electrode, the amount and kind 
of gases in the arc stream. The voltage is largely de¬ 
termined by the thickness of the coating and the ioniza¬ 
tion of the elements in the arc stream. High ionic 
emissivity increases conductivity and decreases ^c 
voltage, hence materials such as titanium compounds 
increase conductivity and melting rate and reduce the 
arc voltage and penetrating properties. Decreasing the 
coating thickness decreases the length of the shielding 
sleeve formed at the end of the electrode and causes the 
arc strealn to be spread over a greater area, thus de¬ 
creasing its penetrating properties. To maintain the 
same arc characteristics the gap may be reduced which 
results in a lower arc voltage. This reduction in arc 
voltage, however, is a result of a change in arc length 
and may actually result in an increase in penetrating 
properties of the electrode rather than decreasing it. 
Direct-current welding in general gives greater pene¬ 
tration than a.-c. with the reverse polarity exceeding 
that of the straight polarity. Thus where shallow pene¬ 
tration is desirable, a.-c. electrodes are becoming more 
popular and for deep penetration, d.-c. reverse polarity 
electrodes are preferable. 

The regulation of electrical characteristics of the arc 
so that the electrode will give the best operation on de¬ 
sired polarities is accomplished entirely with amount and 
selection of coating materials. In general, good arc- 
stabilizing materials such as titanium, potassium and 
sodium compounds predominate in a.-c. and d.-c. straight 
polarity electrodes and such compounds as those of 


calcium, magnesium, aluminum and cellulosic materials 
aid in producing reverse jx^larity electrodes. 

The fundamental mild steel electrodes usually contain 
carbon and manganese as the principal alloying elements. 
Since bot^ of these elements are burned out in the arc, 
the coating material must contain both to make good the 
loss of these elements. Ferromanganese is generally 
used for furnishing the manganese and some of the 
carbon. Organic materials furnish the remaining carbon. 

Since these electrodes are used in multiple pass 
joints the slag must remove easily to facilitate the 
welding procedure. • In general this can be accomplished 
by balancing the acid- and base-forming constituents in 
the coatings to give a slag having a low coefficient of 
expansion. A commercial E6010 electrode coating com¬ 
position which produces a slag that is easily removed is 
given in Table 4. 

The fluxing ability of the slag is its property to react 
with and dissolve oxides of the weld deposit and carry 
them to the surface. The degree of fluxing depends 
upon the fluidity and composition of the slag. In 
general, welding slags are on the acid side and the 
regulation of its fluidity is accomplished by varying the 
acid- and base-forming constituents of the coating. 

Fast deposition is accomplished by increasing the 
amperage which necessitates a coating that will with¬ 
stand high temperature without breaking down in ad¬ 
vance of the arc. Fortunately this property of heat 
resistance is supplied by mineral silicates used for ful¬ 
filling requirements of other properties already dis¬ 
cussed. 

Liquid sodium and potassium silicates are almost 
exclusively used as the binding agent in heavy-coated 
electrodes. They constitute about 20% of the dry 
weight of the coating. Gums and starves are some¬ 
times used to augment the binding properties of the 
liquid silicates. 

While there are several theories offered to explain the 
cause of spatter no single one is as yet accepted, yet the 
electrode coater can hold this spatter to a minimum 
through the selection and balancing of coating ingredi¬ 
ents and core wire composition. When the essential 
conditions for a good electrode are met the spatter will 
generally be low. 

Many of the improvements in modem heavy-coated 
electrodes are due to the efforts of the suppliers in 
furnishing new, more uniform and purer materials. 

The E6010 type is one of the oldest and most widely 
employed electrodes today. It is suitable only for d.-c. 
welding and with the increased use of a.-c. equipment 
this limitation is reducing its popularity. 

The E6011 type of electrode, although holding a posi- 
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Tabl* 4—Coatixig, Slag and Wald Matal Compoaltiona o£ R^rasentativa Commercial Qactrodaa from the Thraa 

Fundamantal Groups 


-A.W.S.-A.S.T.M. Classification Nos.- 


Constituents 

--E601O 

Coating, 

Slag, 

--E6011-- 

Coating, Slag. 

--E6012 

Coating, 

Slag, 

■-E6013 

Coating, 

Slag. * 

--E60 

Coating, 

20-- 

Slag, 


% 

% 

% % 

% 

% 

% 

% 

% 

% 

SiOi 

32 9 

37.8 

22.9 

19.6 

17.6 

25.9 


31.4 

43.5 

TiO, -1- ZrOj 

13.9 

17.6 

25.3 

42.2 

46.3 

30.6 




Al,0, 

1.7 

3.6 

0.5 

2.3 

5.1 

5.9 


'i.8 

’5.9 

FeiO, 








31.8 

. 

Fe,0, 





6!8 




1.8 

FeO 





6.3 • 




14.5 

MnO 


15.6 



14.7 




23.8 

CaO 

’6.8 

1.2 

i]8 !!!! 

' 3*5 

0.2 

1.6 


' 2.3 

3.3 

MgO 

4.6 

6.2 

8.3 

4.4 

4.7 

2.6 


0.4 


Na,0 

8.6 


3.8 

3.1 

2.9 

1.1 


2.6 

' 3.7 

K,0 



4.4 

1.5 

1.7 

6.7 


1.3 

■ 2.2 

CO, 

0.3 


2.3 

3.1 


1.7 


2.6 


Organics* 

28.9 


23.9 

10.2 


17.7 


9.6 


Fe 

1.8 


1.9 

2.8 


2.1 


2.8 


Mn 

6.5 


5.2 

7.6 


4.8 


14.6 











itienient 

C 

0.09 


0.10 

— 'WCAQ IVicial AnEiySlS, 

0.08 

0.07 


0.10 


Mn 

0.42 


0.46 

0.35 


0.40 


0.37 


Si 

0.25 


0.18 

0.13 


0.13 


0.16 


P 

0.03 


0.03 

0.03 


0.03 


0.03 


S 

0.03 


0.03 

0.03 


0.03 


0.02 



• Includes H,0. 


tion in the electrode classification chart for several years, 
has only been developed in quality equal to the E6010 in 
recent years. Originally it was intended for a.-c. opera¬ 
tion primarily but more recent developments have re¬ 
sulted in an electrode which operates equally well on 
d.-c. reverse or straight polarity. The over-^ quality 
of this modem electrode is also superior to that of the 
E6010. This improvement gives the advantage of 
having one type of electrode where both types of welding 
machmes are in use. With this versatility of operating 
characteristics it is destined to become the most popular 
electrode for all-around quahty welding. 

The difference in current-operating characteristics 
of these two electrodes is accomplished by the introduc¬ 
tion of arc-stabilizing ingredients such as the new com¬ 
mercially developed potassium and titaniiun compounds 
without any appreciable change in the gas-shielding at¬ 
mosphere and slag action. This change results in a 
better energy distribution between anode and cathode. 

The coating analysis of a commercial E6010 and E- 
6011, the slag analysis of the E6010 and the weld deposit 
analysis of both are given in Table 4. 

Group n—E6012 and E6013 

While the E6010 and E6011 are high-quality electrodes 
for use in all positions, their harsh digging arc made 
them unsuitable for many applications. Another type 
ali-position electrode was needed that possessed a more 
shallow penetration and the property to bridge or close 
wide openings like bare or sul-coated wire. Unlike the 
bare or sul-coated wire, good weld metal physical 
properties, arc stability and ease of handling were de¬ 
sired. The development of an electrode of this type 
followed very closely that of the cellulosic and con¬ 
stitutes the E6012, whereas the E6013 is a modem de¬ 
velopment. 

The characteristic convex fillet profile and shallow 
penetration of this group are shown in Figs. 4 and 5 and 
Table 3. 

The quality of the E6012 as shown by X-ray and duc- 
tihty is not so good as those in Group I. It was neces¬ 
sary to sacrifice to some extent the metal quality in 


order to get the ease pf handling, better-appearing bead 
and increased rate of deposition. This of necessity re¬ 
stricts its use in some applications where high stresses 
are involved and great fatigue strength is required. 

More recent developments in electrodes of this group 
have produced the E6013, which was originally intended 
for a.-c. welding primarily but with the more recent 
improvements operates equally well on a.-c. and d.-c. 
currents. The quality of the weld deposit of this 
electrode approaches, with the lone exception of ductility, 
that of the E6010 and E6011. It has the advantage over 
E6012 of better arc stability, permitting its operation at a 
lower open circuit voltage, easier slag removal, better¬ 
appearing weld bead with operating characteristics per¬ 
mitting a long arc to be maintained with shallow pene¬ 
tration, an essential combination for light gage welding. 

In order to produce a weld capable of bridging wide 
openings, the slag must be more viscous with a higher 
freezing point than the E6010 and E6011 typ&. These 
properties are obtained by increasing the oxides and sili¬ 
cates and reducing the organics, resulting in a higher 
melting point, more dense slag which results in a better 
slag coverage and a better-appearing bead. The raising 
of slag melting point and reduction of the organics result 
in a less gas-shielding atmosphere thus giving a weld 
deposit With slightly more impurities. 

As above mentioned, the quality of the E6013 is 
superior to that of the E6012, brought about largely by 
the introduction of additional arc-stabilizing ingredients 
such as potassium compounds and organip material to 
increase gas-shielding properties. A better balance of 
energy distribution between anode and cathode is ob¬ 
tained. The coating analysis of a commercial E6012 and 
E6013, the slag analysis of the E601*2 and the weld 
metal analysis of both are given in Table 4. 

Some specific applications of this group are found in 
welding low-pressure storage vessels, safety guards of 
light-gage steel, sheet-metal fabrications such as auto¬ 
mobile cab bodies, farm machinery, steel frame con¬ 
structions and general maintenance. The neat ap¬ 
pearance combined with fast welding speed lead to low 
cost fabrication with adequate weld quality. They are 
generally recommended for structural welding of all kinds 
where sufficient metal can be deposited in a single pass 
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Fig. 7—Fillet Profile Made with */irIn« New Ferritic H. T. Elec* 
trode, 195 Amp., 25 V., Reverse Polarity. 2 X 


to give necessary strength in the joint. It is also used 
for the cover bead over multiple pass work of the E6010 
electrode where good appearance is required. 

Group ni—E6020 and £6030 

In the E6020 and E6030 classification there is no cor¬ 
responding improvement comparable to the all-position 
groups. A new application, however, has been intro¬ 
duced with this’group of the so-called “hot rods” in 
which a deep-fillet weld in the fiat or horizontal positions 
is deposited by using a high current, holding a very short 
arc and traveling at a high speed. Using ^is technique 
a significant increase in penetration is obtained beyond 
the root of the weld which meastmably increases the 
strength of the weld, and because of the deeper pene¬ 
tration obtained much of the weld metal is derived from 
the base metal of the parts being joined, thus effecting 
a saving in electrode constimption. 

Essentially the E6020 was designed for horizontal fillet 
and flat position welding while the E6030 type is used in 
the flat position only. Figures 5 and 6 show the char¬ 
acteristic concave fillet welds of this group when using 
recommended amperages. Both electrodes operate satis¬ 
factorily on d.-c. and a.-c. currents, the former originally 
intend^ for a.-c. and d.-c. straight polarity, whereas 
the latter was intended for a.-c. and d.-c. reverse polarity. 
Ftmdamentally the E6020 will weld in the flat positions 
equally as w^ as the E6030 with equal weld metal 
qualities; thus it is very probable that the E6020 will 
eventually replace the E6030 type, removing it from a 
separate classification. 

The coating composition of these classes is essentially 
all mineral of the iron oxide, oxidizing slag shielding type. 
The coating thickness is much greater than either of the 
all-position groups resulting in the formation of a heavy 
slag which performs a metallurgical refining o]}eration 
by dissolving refractory oxides, cleaning and deoxidizing 
the metal and shielding the molten metal from the oxygen 
and nitrogen of the atmosphere. The slag is more fluid 
with a lower viscosity and surface tension which re¬ 
stricts their use to horizontal and flat position welding 
on fairly close-fitting joints. The all-mineral coating 
and its greater thickness enable this electrode to be used 
with very high welding currents thus resulting in a very 
fast deposition and deep penetration with a resulting 
weld deposit of exceptionally high quality. Perhaps the 
refining action of the slag and the slower cooling of the 
deposit, yielding an exceptionally fine-grain metal free 
from impurities, are contributing factors to its high weld 
quality rather than the chemistry of the weld deposit. 


The coating, slag and weld metal analysis of a con 
mercial E6020 type are given in Table 4. 

Now High-Tensile Ferritic Electrodes 

During the last few years American welding was calle< 
upon to fabricate heavy steel structures from alloy stee 
of high strength and high hardenability. Since it wa 
not always practical to heat treat the weldment, austen 
itic welding electrodes were used because of their ex 
cellent weld metal physical properties and their abiliv 
to make sound ductUe welds with and without preheatinj 
and/or postheating. The tendency for base metal crack 
ing to occur even when preheat and postheat was use< 
in the welding process made the mild steel class of elec 
trodes unsuitable for this type of fabrication. 

Some of the disadvantages of the austenitic electrode 
for this type of welding are: 

1. Cost, 

2. Availability of alloys. 

3. Difference in properties of base and weld metal- 

such as expansion and contraction. 

4. Difficulty of repairing defective welds—austenitii 

must be machined, ground or chipped whili 

mild steel or ferritic weld metal may be flam< 

cut or gouged out. 

5. Relatively slow speed of welding of the austenitii 

electrode. 

These disadvantages clearly indicate that a ferriti> 
electrode was needed to weld high hardenable steel 
without causing base or weld metal cracking. 

Herres* lists a number of factors which he consider 
responsible for tmderbead cracking as follows: 

1. Chemical composition of the steel. 

2. Processing of the steel prior to welding. 

3. Arc heat input. 

4. Weld cooling rate. 

5. Volume change during cooling. 

6. Ability of hardened area to relieve stresses. 

7. Restraint of weldment. 

8. Precipitation Of dissolved hydrogen in the fusio; 

zone. 

The electrode manufacturers should appreciate th 
effort of Watertown Arsenal to evaluate properly th 



Fig. 8—Photomacxograph of Tranarane Tanaile Tact Wald ia 
IVrIa. H. T. Staal Plata Mada with */irIn. Fazzitic Eladrode. 
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velding difficulties heretofore largely placed upon the 
electrode for lack of a better understanding of welding 
metallurgy. In this list of factors there are actually 
only two that the electrode manufacturer can control, 
wscly, the hydrogen precipitation and, to a small ex¬ 
tent, the arc heat input. 

With all these other factors properly controlled, an 
dectrode is still required which can be used with the 
rropcr arc heat input and a coating composition which 
ipon decomposition will not liberate hydrogen that will 
•.recipitate in the weldment. This requirement is met 
»ilh an all-mineral-coated electrode with a high carbon 
!;Oixide-hydrogen ratio such as used on austenitic elec¬ 
trodes. Although the same coating applied to a ferritic 
ire wire may fulfill these two requirements, it still lacks 
■-•use properties necessary for satisfactory’ performance, 
ruch as given by the fundamental type of electrodes, 
h is desirable that this type of electrode produce a weld 
^j<tal quality comparable to that of the EXX20 series, 


and perform as satisfactorily in all j)ositions as the 
EXXIO and EXXll series. 

In view of the evidence now existing that hydrogen 
compounds present in the arc are a contributing factor 
to this base metal cracking, coatings without organic 
materials are necessary’. This limits the coating ingre¬ 
dients to inorganic materials and the most successful 
compounds used to date are calcium carbonate, calcium 
fluoride, magnesium aluminum silicates and ferro alloys 
with the usual binding agents sodium and potassium 
silicates. 

Satisfactory coating compositions have been developed 
for horizontal and flat position welding, but more diffi¬ 
culties are encountered in securing a balance of in¬ 
gredients that will give good sound weld metal in the 
vertical and overhead positions with the uses of welding 
currents possible in these positions. Therefore it is to 
be expecte<l that a satisfactoiy’ electrode for this re¬ 
quirement would be first obtained for flat and hori- 



Flg. 9—^lotomicrographs Showing Typical'Base Metal Cracking of Six Commercial Mild Steel Electrodes and 

the AbKnce of Cracks of Two Ferritic Electrodes. 50 x 


Deposits Made on 


1. E6010—Rev. Pol. 

2. E6011—A. C. 

3. E6012—Str. Pol. 

4 _A c 

IVrIn. H.T. Steel Plate with 


5. E6020—Str. Pol. 

6. E6020—Rev. Pol. 

7. Ferritic (High Tensile) 

8. Ferritic (Low Tensile) Rev. Pol. 

Vi6-In. Electrodes, 200 Amp., at Approximately 8 In. per Minute 
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Table 5—Physical Properties oi a Commercial High-Tensila 
Ferritic Electrode 



As-Welded 

Stress 

Relieved 

Transverse tensile, psi. • 

106,800 

112.500t 

% Elongation in 2 in. 

15.0 

20.6 

*/c Reduction in vea 

38.0 

52.0 

All-weld metalt 

Ultimate tensile strength, psi. 

105.700 

94,200 

Yield point, psi. 

86,700 

81,700 

% Elongation in 2 in. 

20.5 

24,5 

% Reduction in area 

26.6 

66.8 

Impact strength (Cbarpy) 

Temperature, F. 

70 30 0 

-30 -50 

Load. ft.-Ib. 

40 38 37 

34 33 

Rockwell C hardness values 

Weld metal 

24-28 


Fusion zone 

28-30 


Base metal 

28-29 


• Standard Navy “torture” test plate procedure (46E4 (INT) 

July 1, 1944) using l*/»-in. plate 

was followed 

in making these 

transverse tensile test bars. 


t Water quenched from 1650® F. and drawn at 1150® F. 
t A.W.S.-A.S.T.M. Specification A233-43T procedure followed 
in making these all-weld metal tensile test bars. 


zontal welding. Such an electrode is now available for 
satisfying these requirements on the high-strength air- 
hardenable steels. 

Similar advancement with the lower strength all- 
position type electrode is lagging somewhat, but progress 
is being made due to the urgent need and impetus given 
this type of electrode in.the shipbuilding program where 
low-alloy high-tensile steels are used. 

Physical properties of the E90 and ElOO series are 
given in Table 5. A photomacrograph of weld deposit 
in a transverse tensile specimen is shown in Fig. 8 and 
photomacrographs of weld-bead deposits on High Ten¬ 
sile Steel plate of each of the six fundamental groups to¬ 
gether with the new ferritic type are shown in Fig. 9. 


Underbead weld cracking of the fundamental groups 
and the absence of cracks in this new ferritic type are il¬ 
lustrated in the photomicrograph inserts. 

The results obtained from further investigations in¬ 
dicate, however, that the tendency for underbead weld 
cracking with plain high-carbon steel (0.35 to 0.85% C) 
was not as pronounced as steels of high hardenai)ility 
obtained by alloying a medium-carbon steel (0.25 to 
0.35% C) with other elements such as chromium, nickel, 
molybdenum, etc. 

Results not published in this report obtained on weld 
test specimens made in a completely restrained single 
Vee butt joint of V4-iu.-thick 0.60% carbon steel using 
Vie-in. electrodes from each of the fundamental groups 
showed no cracking when cross sectioned and “magna- 
fluxed,” or etched and examined under the microscope. 

The specimens were welded using the recommended 
amperages for each electrode and an interpass tem¬ 
perature between 220-240® F. 

Transverse tensile bars were cut from these weld¬ 
ments and the ultimate tensile strength and per cent 
elongation results showed no indication of cracking. 
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Basic Definitions of Welding 

Technology* 

By C. H. Jennings^ 


W ELDING is defined as a localized consolida¬ 
tion of metals and covers that group of proc¬ 
esses employed to produce fusion between 
two or more pieces of metal. The joining of metals by 
fusing them together makes it unnecessary to employ 
bolts, screws or rivets. It also eliminates, except in the 
case of spot welding, the need of flanges, angles and gus¬ 
set plates which frequently add weight and complicate 
the design (Fig. 1). Even though flanges, angles, etc., 
are required in spot welding, many advantages are ob¬ 
tained, such as: fewer parts, no pimching or drilling of 
holes and no strength reduction resulting from the bolt 
or rivet holes. 

At the present time welding is accomplished in five 
principal ways: (1) forge welding, (2) gas welding, (3) 
thermit welding, (4) electric arc welding and (5) resist¬ 
ance welding. Although this course is primarily con¬ 
cerned with only one of these processes (resistance Weld¬ 
ing) it will be of advantage to obtain a general perspec¬ 
tive of the entire field. That group of processes known 
as brazing processes and the various patented processes 
based on minor modifications and combinations of these 
five principal processes will not be considered. 

Forge Welding 

Forge welding, probably the oldest method of welding, 
takes its name from the blacksmith’s forge. This proc¬ 
ess is generally limited to irons and low-carbon steels and 
plain simple joints. Welding is accomplished by heating 
the edges to be welded to Uie plastic stage (below the 
melting point) by some suitable means such as a forge, 
furnace, gas flame, etc., and then fusing the plastic sur¬ 
faces together by means of pressure obtained from a 
hand, power hammer or some other source. No filler 
metal is required with this process. 

Most forge welds are made by lapping the surfaces 
to be welded and forging them to a uniform thickness so 
that the surfaces of the two parts are in the same plane 
(Fig. 2 (a)). Some processes, however, employ a square 
butt joint of the type shown in Fig. 2 (b). 

Although forge welding is not as extensively used as 
the other welding processes it is still frequently used in 
railway repair shops, country blacksmith shops, and in 
the construction of some pressure vessels and pipe. 

The longitudinal seams of pressure vessels are welded 
by beveling the edges, progressively applying heat to 
the edges by means of large gas flames, and progres¬ 
sively forging the heated edges together by using a power 
hammer. Pipe welding is generally done by heating flat 
strip in a furnace and then drawing the strip through a 
tapered ring known as a bell. The bell forms the strip 
into a circle, and because its inner diameter is slightly 

* One of a series of articles furnished by the Westinghouse Electric Corp. 
covering a course in resistance welding control. 

t Welding Engineer, Westinghouse Research Laboratory, Bast Pittsburgh, Pa. 



Fig. 1 


smaller than the periphery of the strip when it is formed 
into a ring, considerable pressure is applied to the but¬ 
ting edges which completes the weld (Fig. 2 (c)). 

Gas Welding 

The process of gas welding accomplishes fusion of the 
metals solely by the heat of combustion of suitable gases. 
No pressure is used to complete the weld as in the case 
of forge welding. 

A large number of gases may be used for gas welding 
such as oxygen and acetylene, oxygen and hydrogen, 
oxygen and propane, etc. The oxygen-acetylene com¬ 
bination produces a flame of the highest temperature 
and is almost universally used except for the welding of 
aluminum in which case oxygen and hydrogen are com¬ 
monly preferred. 

In this process, the heating or welding flame produced 
by the combustion of mixed gases supplies heat only and 
does not add filler metal to the joint. The need for 
filler metal depends upon the joint design and when je- 
quired is obtained by melting the plate edges (Fig. 3 (a)), 
melting a joint insert (Fig. 3(6)) or progressively feeding 
arod or bar into the joint as welding progresses (Fig. 3(c))- 
The equipment necessary for gas welding includes 
among other things, tanks to store gases, regulators to 
control the gas flow, hoses, torch and tips of various 
sizes. In cases where large quantities of acetylene are 
used acetylene generators are often employed. 

Gas welding is a more flexible process than forge weld¬ 
ing and is used on a wide variety of materials, structures 
and joints. One of the outstanding features of gas 


Digitized by 


Google 


849 




?igt. 2 (a), 2 (&) and 2 (c) 


welding is that by properly controlling the gas mixtures 
the welding flame can be adjusted from reducing to oxi¬ 
dizing conditions. This property of being able to control 
the type of welding flame makes gas welding suitable for 
use on nearly all types of materials that are weldable 
such as low-carbon steels, alloy steels, cast iron, copper, 
brass, bronze, nickel and nickel allo}^, aluminum, etc. 

Although gas welding can be used to weld nearly every 
type of material, its application is frequently limited 
because of economic reasons. Thin materials are readily 
gas welded, but as the thicknesses increase the welding 
speed decreases to a point where other methods of weld¬ 
ing are generally preferred. It is not possible to place 
any limit on the maximum thickness of material that 
should be gas welded because it depends on the type of 
structiu’e and the materials used. Materials under Vi« 
in. thick are particularly adapted to gas welding while 
materials about */« thick, with the exception of the 
nonferrous groups, are preferably welded by some other 
process. 

Gas welding is applicable to the welding of all types 
of joints in all positions. It can also be done manu^y 
or automatically. 


Thermit Welding 

Thermit welding may be done in two ways, with or 
without the application of pressure, but in either case 
the welding heat is obtained from a chemical reaction 
between finely divided aluminum and iron oxide, a pow- 



Fiya. 3 (o), 3 (h) and 3 (c) 


dery mixture known as thermit. Nonpressure ther 
welding is the most common type and has the wic 
application. 

Nonpressure thermit welding consists essentially 
casting the filler metal between the ends of the parts 
be welded. The process is carried out in the follow 
way: the parts to be welded are separated a suita 
amount and the area to be filled with weld metal is fil 
with wax so that the wax will have the desired shape 
the finished weld. A fire clay mold is next built arot 
the wax form and metal ends and properly gated a 
vented (Fig. 4). Following this the wax is melted < 
and the ends of the parts preheated to a dull red. (1 
weight of the wax used is a measure of the thermit 
quired to make the weld.) The thermit is placed ii 
crucible above the mold and ignited when the parts j 
properly preheated. This ignition starts the thermit 
action which turns the powdered thermit into a sup 
heated molten mass consisting of iron at a temperati 
of 5400° F. covered with an duminum oxide slag. T 
molten iron is tapped from the bottom of the cnicil 
into the mold and fuses to the parts to form a homogei 
ous mass of metal. The mold is subsequently reraovi 
and the gates and risers cut off. 
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Fig. 4 


The analysis of the thermit weld can be controlled 1: 
the nature of the materials used to make the powden 
thermit. Cast iron, mild steel and low-alloy sted therm 
welds are commonly made. 

This process is generally applied to large heavy se 
tions where the ratio of the joint length to the thi^ne. 
is not too large. It is particularly adapted to the repa 
welding of large parts such as broken shafts, steel mi 
rolls, rolling mill frames, etc., although it is also used t 
fabricate new structures such as stem parts for ships. 

Pressure thermit welding is essentially a forge weldir 
process wherein the superheated iron and aluminum 
ide slag resulting from the thermit reaction are used s 
the source of heat. Its applications are limited but ; 
has found extensive use in the welding of pipe and strw 
car rails. The majority of all-welded street car rails at 
probably welded by this process. 

The method of making pressure thermit welds is esse:: 
tially as follows; the parts to be welded have their end 
cut square and are mounted in a clamping mechanisr 
which makes it possible to apply high pressure to th 
joint. A cast-iron mold is moimted around the membe 
at the joint as shown in Fig. 5. A thermit charge of th 
proper amount is ignited and after the reaction is com 
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.prtai the molten slag and metal are }X)ured into the mold, 
The charge is proportioned so that the molten 
qnly comes to about the center line of the parts 
hBi|9dded. The hot metal and slag heat the contact 
'■l^the materials to be welded to the plastic state 
'UnIk which pressure is applied which completes the 

After the weld has cooled to the desired }X)int the cast- 
js removed, the half rings of slag and metal 
away thereby leaving the welded joint free of 
L.'.? extraneous material. By pouring the slag into the 
t'ld first, the surfaces of both the mold and materials 
^ welded are lightly coated with slag so that the 
idten metal will not stick to them. 


Electric Arc Welding 

In this process the welding heat is obtained from the 
ttergy of the electric arc and, as in gas welding, no pres¬ 
sor is used. In general, the arc is struck between a 
s’iitable electrode ^d the work (Fig. 6 (c)), although in 
scat variations of this process the arc is struck between 
^*0 dectrodes and the arc flame impinged upon the 
*"dL (Fig. 6 (^)). 

In metal arc welding the electrode is made of a suitable 
iMtal which melts under the heat of the arc and deposits 



Flgi. 6 (a) and 6 (h) 



Fig. 7 


filler metal onto the molten work. In carbon arc welding 
the arc is drawn between a carbon or graphite electrode 
and the work. The addition of filler metal in this case 
is accomplished by melting down the edges of the work 
or by inserting a ^er rod into the arc. \^en the double 
electrode system is used (Fig. 6 (6)) filler metal is added 
in a manner similar to that described for carbon arc weld¬ 
ing. 

Metal arc welding is a most generally used process be¬ 
cause it has a very universal application. For the pro¬ 
duction of high quality welds dectrodes having a flux 
coating are used. This coating is designed to improve 
the quality of the wdd, add alloy dements and control 
the weld chemistry, control the electrode mdting rate 
and improve the arc stability. Many varieties of elec¬ 
trodes are available making it possible to wdd low- and 
medium-carbon steels, alloy steds, cast-iron aluminum, 
bronze, brass, nickel, monel, inconel, etc. Welding can 
be done in all positions on all types of joints. 

Arc wdding is particularly adapted to materials ‘/s 
in. thick and above, but it has been used on materials 
less than ^'/\t in. in thickness. 

Both a-c and d-c power sources are used for metal 
arc wdding, and each have their advantages. Alternat¬ 
ing current is often preferred for complicated work and 
heavy current welding because of its rdative freedom 
from arc blow and the simplicity and efficiency of the 
equipment. The primary advantage of dc equipment 
is that it can be used in the welding of nonferrous metals 
and carbon arc wdding, and either dc or three-phase 
power can be employed. 

Carbon arc welding is not used extensivdy, although 
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it has found a definite field in automatic welding and 
in the welding of nonferrous metals having high heat 
conductivity. The fact that the carbon electrode does 
not add filler metal makes it possible to control the rate 
of advance and puddle the weld sufficiently to insure 
melting of the base metal and proper fusion. 

Electric arc welding of all types can be done both 
manually and automatically and the welding speeds 
obtainable make it preferable to gas, forge and thermit 
welding, in most cases. It is applicable to long and short 
seams and a wide range of material thicknesses. Conse¬ 
quently it has developed into the most generally used 
welding process. 


Resistance Welding 

Resistance welding covers a group of processes wherein 
the welding heat required to make the weld is produced 
from the resistance offered by the parts and contact 
surfaces to the passage of a heavy electric current. Pres¬ 
sure is used in combination with the heating to com¬ 
plete the weld. Types of resistance welding are spot 
welding, projection welding, seam welding, resistance 
butt welding and flash welding. For the purpose of dis¬ 
cussion, only the spot welding process will be described. 

In spot welding, the pieces to be welded (two or more) 
are clamped between two copper or copper alloy elec¬ 
trodes (Fig. 7) mounted in a suitable machine capable of 



Fig. 10 


applying pressure between the electrodes. These elec¬ 
trodes are used to conduct the welding current and to 
supply pressure to the parts. Usually they are water 
cooled to help prevent sticking, burning and deformation 
under heat. The weld is made by passing a heavy cur¬ 
rent through the electrodes, and work pieces. This 
heavy current is obtained by practically short circuiting 
the secondary of an extremely high current welding 
transformer. 

The resistance of the metal pieces and their contact 
surfaces to the heavy current passing through them 
causes intense heating. This heating, in combination 
with the applied pressure of the electrodes, produces 
fusion between the parts, resulting in a circular weld 
known as a spot weld. The size and diameter of the 
spot weld will depend upon many factors such as, type 
and thickness of parts being welded, diameter and shape 
of electrodes, amount of pressure, amount of current 
and welding time. These factors will also affect the size 
of the fused nugget of the'weld. In some cases fusion of 
the metals may extend to the outer surfaces (Fig. 8 (a)), 
while in other cases it may be confined to a narrow vol¬ 
ume as shown in Fig. 8 (b). In general, a controlled nug¬ 
get of the type shown in Fig. 8 (6) is preferred, and on 
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Fig. 11 


certain materials such as stainless steel and Alclad alumi¬ 
num it is essential if proper corrosion resistance is to be 
preserved. 

Seam welding is a process similar to spot welding and 
varies in that rollers are used for electrodes. By prop¬ 
erly timing the periods of current flow as the parts are 
passed between the roller electrodes a series of spot 
welds are made. If the spots overlap a continuous weld 
is made (Fig. 9 (a)). If the spots do not overlap (a space 
is left between each weld) (Fig. 9(6)) the process is known 
as stich or roll spot welding. 

Projection welding is another variation of spot welding 
and consists of placing projections on one of the pieces to 
be welded (Fig. 10), after which current is passed through 
the work pieces. Large electrodes are generally used 
in this process and the projection locates the points at 
which the welds are made. Projection welding is par¬ 
ticularly adapted to the production of more than one 
weld at a time (Fig. 10), and to the welding of two pieces 
varying greatly in thickness. 

Resistance welding is a high-speed process and is par¬ 
ticularly adapted to production work, especially to the 
quantity production of small parts. It is applicable for 
use on a great variety of materials both ferrous and non- 
ferrous, and although it is most commonly applied on 
parts Vi or less in thickness recent devdopments 
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have extended the process to the welding of materials 
V* in. thick and above. 

The increased knowledge of the metallurgy of resist¬ 
ance welding combined with modem resistance welding 
machines and control has vastly increased the applica¬ 
tion of this process. The principal elements of a modern 
resistance spot welder are shown in Fig. 11. 

.4 is a heavy frame supporting an extremely high cur¬ 
rent transformer. 

wB is a pressme head for the electrodes.* In some cases 
the head is designed so that the pressure can be rapidly 
varied between two values, thereby making it possible 
to use a squeeze pressure (prewelding pressure or a forge 
pressure (postwelding pressure) different than the weld¬ 
ing pressure. 

C, the electrodes, are made from copper or copper 
alloys and usually water cooled. 

D, controls for the various steps of the welding process. 

The problems of resistance welding control may be 

divided broadly into three parts. 


1. Start and stop control of the current to the welder. 

2. Control of the amount of current that flows. 

3. Control of the welding time and electrode pressure 

sequence. 

All three of these basic control problems are handled 
electronically which has resulted in giving resistance 
welding incomparable speed and exactitude and ex¬ 
tended its application to practically every metal fabricat¬ 
ing industry, both for subassemblies and for final as¬ 
semblies. So precise is the control by electronics that 
even materials such as aluminum, stainless steel, alloy 
steel and magnesium (once considered nonweldable) 
are now welded bn a mass production basis.. It is possible 
to weld two Vs-in. strips of stainless steel by shooting 
through them a current of approximately 15,0(X) amp. 
for a fifth of a second. Alloy steels can be welded, 
grained refined and tempered without removing the elec¬ 
trodes from the work. 


Silver Brazing by Induction Heating 


By J. P. "Mike" Weedt 


E arly in 1944 increasing demands were made 
upon production departments manufacturing 
welded assemblies for aircraft. The extreme 
shortage of skilled welding operators was acute. There¬ 
fore it became imperative that something be done to in¬ 
crease production without an increase of personnel. 
Several approaches to the subject of production were 
immediately put under observation. Among those was 
the use of silver brazing alloys to substitute for older 

* Presented st the January 18th Meeting, Los Angeles Section, A.W.S. 
t General Welding Foreman oi North American Aviation, Inc. 


standardized methods. Casual observation immediately 
pointed to several assemblies where the use of silver not 
only increased production but actually improved both 
the appearance and strength of the job while reducing 
the weight. More intense study of the possibilities of 
the use of silver brazing in aircraft assemblies resulted 
in the redesign of some assemblies and the procurement 
of additional equipment for automatically or semiauto- 
matically controlled heating. As the use of these con¬ 
trolled heating devices has become more general the 
field for the use of silver brazing alloy in aircraft has be- 
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Exploded Hydraulic Tail Wheel Assembly Silver Brazed 


come almost unlimited except for certain highly stressed 
members. 

We foimd that the high degree of ductility and malle¬ 
ability of silver brazing alloys gives two important ad¬ 
vantages. First, joints made with them provide great 
resistance to vibration and severe shocks. Second, 
assemblies can be fabricated easily into a wide variety of 
sizes and shapes, thus making it possible to obtain joints 
in the form most convenient and economical for the 
different conditions under which they are used. They 
can be applied to any type of joint. Although scarf, lap 
and sleeve joints on sheet metal, piping and tubing have 
the advantage of providing a greater bonding area than 
butt or seam joints, experience has shown that the 
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strongest joints are produced with a minimum amount of 
clearance. The free-flowing characteristics of silver 
alloys make it possible and advantageous to provide 
closdy filled joints that require a small amount of silver 
brazing alloy. Properly fitted joints are economical in 
the use of silver alloys; and the neatness of these joints, 
which in many cases are practically invisible to the 
naked eye, is often a decided advantage where plating, 
painting or other processing is required. • 

Silver has many extraordinary qualities. When 
melted it is extremely fluid. It is also one of the most 
ductile of metals, Its electrical conductivities are 
higher than copper-106 as compared to 100. When 
alloyed with other metals, copper, for example, silver 
unites to form compositions having flowing tempera- 
tiues lower than either of the individual met^s. 

The extreme fluidity of melted silver base brazing 
allo)^ gives them the ability to penetrate quickly into 
narrow openings. Capillary action spreads them evenly 
over the surfaces to be joined where they diffuse into 
metal surfaces and form a bond which is practically in¬ 
destructible. Low working temperatures and rapid pene¬ 
tration thus make silver brazing an exceptionally fast 
method of joining metals. 

The ductility and strength given by silver are also 
closely related to their flowing qualities. Silver brazing 
alloys in themselves, as previously mentioned, are 
strong, having tensile strengths of from 40,000 to 60,000 
psi., but when thin films penetrate into a joint and 
bond with metals, they have the unique ability to give 
strength far beyond their basic strength. 



Oxyacetylene Application Silver Brazing 

It is of the utmost importance that silver brazing 
joints be properly designed. The correct design is 
mainly a question of the type of joint to use and the clear¬ 
ances required. Of the three types of joints in general 
use; butt, scarf and lap or shear, the lap or shear type 
joint is the design generally recommended although the 
others can be used satisfactorily under some conditions. 

Lap type joints are the most satisfactory and are gen¬ 
erally used because any desired factor of safety can be 
incorporated by varying the lap shear area. This t 3 q>e of 
joint offers better resistance to corrosion due to the 
small area of brazing alloy exposed. Joints can be held 
in place readily, and, in joining flat parts, a little pres¬ 
sure will insure complete bonding. In shear joints, 



Induction Silver Brazing Jig 


which include tubular members, pressure cannot be ex¬ 
erted and correct clearances must be maintained to in¬ 
sure proper capillary action. 

In setting up procedure for production, in silver 
brazing, there are five simple but important steps to be 
observed: 

1. Clearance. 

2. Clean metal. 

3. Proper fluxing of parts to be joined. 

4. Locating device or jig. 

5. Heating method. 

Clearances for silver brazing are important. Metal to 
be joined should fit closely enough to permit the effective 
working of capillary action. From experience in the 
laboratory and field, it has been found that clearances of 
from 0.001 to 0.006 in. on the flat or tubular work give 
the strongest and soundest joints. Clearances which are 
too close cause bare spots where brazing alloys are un¬ 
able to flow. Enough clearance should be allowed to 
make certain that there will be a film of brazing alloy 
throughout the joint. When brazing alloys are pre¬ 
placed in the form of thin inserts, a littie pressure on the 
joint while heating forces out excess alloy and leaves a 
film that takes care of irregularities in joint siufaces. 
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We have found that it is an absolute necessity to have 
the surfaces of the joint clean and protected with flux. 
Grease, oxides, scale and dirt of any kind must be re¬ 
moved, and extra care taken in this regard will eliminate 
many of the causes of defective joints. Mechanical and 
chemical cleaning can be used ei^er together or individu¬ 
ally as required to produce cleanliness. 

The temperatures required for the use of silver braz¬ 
ing alloys will cause the oxidation of the surfaces of 
both the silver and metals being joined and provision 
should be made for preventing this oxidation as far as 
possible and for the removal of any oxides which may 
form. To do an effective job, a brazing flux should be 
entirely fluid and active at a temperature below the 
flowpoints of the brazing alloys with which it is used. 
A fluoride type of. paste flux beginning to fuse at 800° F. 
should start dissolving oxid^ immediately. At 1100° F., 
it should be a thin colorless active fluid dissolving all 
refractory oxides including the chrome oxides rapidly 
and thoroughly. The use of a flux as a temperature 
indicator is strongly recommended, particularly where 
it is difficult for the operator to determine when the 
metal parts have reached the tem|>erature of approxi¬ 
mately 1200° F. as in the oxygen acetylene torch appli¬ 
cations. 

Where study and consideration are given to the jigging 
of the parts to be silver brazed, uniformity of residts can 
be expected. Particularly is this true where production 
is a prime consideration. As often is the case where fur¬ 
naces are used or where a number of parts are to be brazed 
simultaneously, the jigging of all parts to be brazed is 
performed by operators trained for this job and then 
turned over to the operators who handle the heating of the 
metal. Jigging by spot-welding, staking and riveting 
are the three most commonly used methods in funiace 
and dip brazing. In torch and induction brazing, use of a 
suitable jig with properly set holddown clamps is made 
most frequently. 

The heating method will be predicated on several fac¬ 
tors: the type of work, volume of products and the 
availability of equipment at hand. Since most shops 
have the oxyacetylene torch equipment, it is natitral 
that in venturing into the new field of silver brazing, the 
equipment at hand be used. As confidence in results is 
established, and if the work warrants speed in production, 
other methods of bringing metal to temperatures of 
approximately 1200° F. are investigated. 

Furnaces heated by oil, gas or electricity using either 
the batch principle or conveyors are conductive to rapid 
production of small parts in large volume. Parts to be 
brazed are fluxed and silver alloy preplaced before going 
into the furnace. Temperature of the funiace should be 
in excess of the flow point of the alloy for fast heating. 

Incandescent carbon heating lends itself to the silver 
brazing of small parts. The part to be brazed is placed 
between the electrodes and there held in position by 
pressure. Insulated electrical parts can be joined in 
this manner without fear of damage to insulation. Hand 
feeding of the silver alloy or preplacing of same depends 
upon the job. 

Resistance brazihg responds to the ingenuity and 
equipment available to production management. Those 
who have used this method of heating parts to be silver 
brazed have found an answer to heavy production o^ 
types of work where it is practical to preplace the alloy. 

Dip brazing is the employment of the metal bath or 
the chemical bath. The metal bath requires that parts 
be held in brazing position and dipped into a molten 
bath of brazing dloy. Brazing of this kind is used 
mostly to join comparatively small work. Crucibles for 
holding .the molten alloy may be heated by gas, oil or 
electricity. 


The chemical bath also offers the advantage of fast 
heating and as does the metal bath, provides protection 
from the oxidizing effect of the atmosphere. The salt 
mixtures used are heated in a suitable furnace. Work 
must be supported in jigs and the brazing alloy preplaced. 
Brazing temperatures are easily controlled. The size 
of the s^t bath depends upon the size and weight of the 
work. Baths should be large enough to show no appre¬ 
ciable temperature drop when the parts are immersed. 

The use of induction heating in silver brazing is the 
most modem and satisfactory method from the aircraft 
manufacture viewpoint. Induction heating as its name 
implies is produced by inducing a high frequency current 
in the part or parts to be heated from a water-cooled 
copper or brass coil. Current for the coil can be sup¬ 
plied either by motor generator, spark gap or vacuum 
tube oscillating equipment. The frequency ranges from 
around 10,000 to 450,000 cycles per second. Several 
advantages in using induction type heating units are 
that, normally, very simple jigging for holding parts is 
needed, and tooling, in the form of copper coils for the 
heating unit, is inexpensive and requires a very short 
time for manufacture and installation. Production 
rates, for "batch lots’’ as commonly set up in aircraft 
manufacture, are very rapid. Changeovers in produc¬ 
tion from one part or assembly to another require only a 
very few minutes. Control of volume and location of 
heat is positive and variable. Once the time settings are 
properly set, it is po^ible for even the most inexperienced 
labor to operate the unit without variation. 

Primary disadvantages in the use of induction units 
are initial high costs. However, where a large volume 
of variable types of heat treating and silver brazing as¬ 
semblies is required, use of induction heating will be 
found to be economical and versatile, overcoming the 
drawback of high initial cost and paying the cost in a 
very short time. 

Cost of silver brazing by any of the above methods has 
purposely been avoided. However, a few comparisons 
of cost using silver alloys rather than other methods of 
manufacture indicate that, although the initial cost of 
silver alloy is high in comparison with other materials, 
there is an appreciable saving both in assembly and in 
the aligning preceding brazing. Furthermore, the fact 
that skilled operators are not required makes the cost 
of silver alloys as a manufacturing material in the com¬ 
pleted assembly almost negligible. This cost always 
varies according to the clearances allowed in the setup 
but extremely small amounts of silver alloys are always 
used in comparison with the older manufacturing meth¬ 
ods. For example, one assembly, a retractable landing 
gear, formerly using 6 oz. of weld electrodes has been 
converted to silver brazing and requires but ‘/a oz. of 
silver alloy. 

Weight reduction, while maintaining high strength 
factors, is unfolding a new field to low temperature silver 
brazing. Castings with complicated machine operations 
are being surveyed for replacement with silver brazed 
parts. As often is the case, metal and stampings can 
be joined with silver, reducing and frequently eliminating 
machining operations. 

The armed forces have again informed industry of 
their requirements. Many of our skilled operators now 
in aircraft manufacturing will be called. Equal or 
greater production schedules will be required. Silver 
brazing can be of great assistance' in overcoming a 
new production bottleneck. It is now very apparent 
that the uses of silver alloys in producing lighter, stronger, 
better appearing assemblies, requiring less time, are on 
the threshold of very rapid expansion in aircraft manu¬ 
facture in the near future. 
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Spot-Welding Machines for Heavy 
Gages of* Ferrous and Nonferrous 

Metals* 

By Mario S<^aky^ 


M ost applications of resistance welding seem to 
be found in assemblies made pf 12- to 26- 
gage clean mild steel. In this group can be 
included the fabricating and assembling of automobile 
bodies, ventilating systems and home appliances; and 
even most of the manufacturing of railroad passenger 
cars. Most aluminum parts welded in airplane con¬ 
struction, on the other hand, rarely exceed 0.080 in.; 
in fact, 90% of the welds ■are made on thicknesses not 
exceeding 0.064 in. This also is generally true in the 
welding of other alloys, such as brass. Monel, Inconel, 
etc. 

Many types of welders have been developed for the 
welding of both ferrous and nonferrous alloys on the 
thicknesses from the foot-operated welder to the mul¬ 
tiple head machine incorporating 60 to 100 electrodes. 
In order to weld materials exceeding 12-gage, however, 
many factors which affect the design of the welding 
machine had to be taken into consideration. 

Design of Resistance-Welding Machines as' Affected 
by the Welding of Heavy Gages of Steel and 
Aluminum Sheets 

One of the factors which leads to the necessity for 
specially designed welding machines for use on heavy- 
gage ferrous alloys is in the nature of the surface of the 
materials involv^. Thin gages of steel can be perfectly 
stamped when cold, the surface remaining clean. The 
heavy scale formed during the hot pressing operation of 
heavy gages affects the welding conditions. The use of 
welding in heavy gages also includes structural sections 
such as L, U, T, I, beams, etc. These sections are com¬ 
monly hot rolled and covered with heavy rust and scale. 

The power demand increases with the thicknesses to 
be welded due to the diameter of the weld, which in¬ 
creases in proportion to the material. It can be said 
that the volume of the weld is the actual factor which 
causes an increase of the power demand, approximately 
in proportion to the cube of the thickness. 

^Tien welding steel, however, the instantaneous power 
demand is reduced to a certain extent because of the 
longer welding time used. In the case of aluminum and 
copper alloys, the welding time must remain short, the 
power demand is surprisingly increased, necessitating 
in the case of stored energy exceptionally heavy machines 
Tor apparently moderate thicknesses. As an example, 
the weight of a stored energy machine capable of welding 
*/j« in- plus Vi« in. aluminum reaches the very impressive 
value of 36,()00 lb. 

* Presented at the Twenty-Fifth Annual Meeting. A.W.S., Cleveland, 
Ohio. Oct. 16 to 10. 1044. 
t Sciaky Bros., Chicago, 111. 


The magnetic properties of steel also affect greatly 
the power demand and the power factor of the welding 
machine. Consequently, when a quarter inch thick sheet 
is inserted between the arms of the welder, the inductance 
of the secondary circuit is drastically changed. The 
machine settings, therefore, must vary according to the 
amount of metal introduced between the arms. 

The electrode pressure also has a complex function 
in the welding of heavy gages of both sted and alumi¬ 
num. This is due to the surface conditions, as men¬ 
tioned above, and in many cases to the spring effect re¬ 
sulting from poor fitting. 

Moreover, many of the problems result from special 
cooling of secondary circuits from the type and contour 
of the electrode tips, from the heavy weight of the as¬ 
semblies, etc. 

We will endeavor in this paper to outline the solu¬ 
tions adopted in designing welding machines which take 
into account these different conditions. 


Welding of Scaly" Steel with Conventional Machines 

As mentioned above, scale and rust on heavy steel 
plate and structural sections create high contact resist¬ 
ance between sheet and electrode and between sheets. 
This condition restricts the number of contact points 
allowed for the passage of the welding current and in 
certain cases wholly prevents any current from flowing in 
the secondary circuit due to insufficient electromotive 
force to break through the scale. 

The high current density on the contact points de¬ 
velops local metal ignition, with subsequent projections 
of burned material. The excessive temperature result¬ 
ing between electrodes and material on the mentioned 
points creates heavy pickup with rapid deterioration of 
the electrodes. The projections of metal, on the other 
hand, which originate from the contact surface between 
the sheets, create cavities in the welded nugget which 
reduce the quality of the produced spot weld. All these 
conditions have encouraged sand blasting and pickling 
previous to welding, but have also limited the extensive 
use of spot welding in the field of application. 

Variable Pressure Cycle 

The electric resistance of the contact between electrode 
and sheet and between sheets can be represented roughly 
by 
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where K is the constant characterizing the surface con¬ 
dition, p is a specific resistance of the material, P is the 
force applied by the electrodes and 5 is the contact sur¬ 
face area. 

This shows that an increase of P will result in a propor¬ 
tional reduction of R, due to an expansion in the number 
of contact points, and a better chance for the current to 
flow through the joint. It was found, however, that in 
order to prevent local burning of the material, it was 
necessary to substantially reduce the current in order to 
limit the temperature rising at the contact points. The 
value of the temperatme reached in this condition at 
these points is sufficient to bum the oxide only; thus 
decreasing rapidly the resistance of the contact points 
and making possible the passage of a much higher cur¬ 
rent necessary for the welding operation. If the welding 
procedure is interrupted at this point, a simple examina¬ 
tion of the surfaces would show the disappearance of 
the oxide scale and a j>erfectly clean surface ready for 
welding on any standard welding machine. 

The welding sequence that follows this first operation 
is identical to that of any standard machine, the pres¬ 
sure being reduced to a standard value and the current 
raised to a sufficient intensity for the welding operation. 

Another necessity of having an unusually high pres¬ 
sure during this “squeeze time’’ lies in the desirability of 
having a good fit between parts before starting the cur¬ 
rent. As mentioned in the first part of this paper, the 
parts have a tendency to spring back due to their nat- 



Fig. 1 


ural rigidity, and normal welding pressure would not be 
sufficient for a good contact. 

In some cases, as mentioned above, the contact re¬ 
sistance is sufficiently high to prevent the start of the 
preheat current due to the lack of adequate electro¬ 
motive force. An automatic system is incorporated in 
the machine which provides a higher voltage between 
the tips at the beginning of the passage of ^e current. 
Provisions are made to ^op this voltage to the preheat 
value as soon as the ciurent is established. 

During the welding period, the nugget formed by the 
molten metal, due to its expansion, is of larger volume 
than the original metal. The nugget thus has a tendency 
to force back the walls surrounding it. If the electrodes 
exert an excessive force, the nugget will be able only to 
push the lateral side of the walls, causing sheet separa¬ 
tion. It is therefore advantageous to let the nugget 
expand in a vertical direction by allowing the electrodes 
to “give up” elastically under the effect of the metal 
expansion. 

Before the current is inteirupted, however, an increase 
of the welding pressiue causes the upper and lower walls 
to follow up the shrinkage of the nugget, preventing in¬ 
ternal coarse structure and cracks. In fact, while the 
crystals are forming during the cooling period, the 
shrinkage of the nugget to its original volume tends to 
separate the molten metal from the solid, thus tending to 



Fig. 2 


create cracks and internal stresses. An increase of elec¬ 
trode pressure will push back the upper and lower walls 
surrounding the nugget, causing them to follow the 
shrinkage. 

The variable pressure cycle, as described above, may 
be condensed as follows: 

pressure-high electromotive force for break-through 
of excessive resistance, allowing initiation of preheat 
current; 

High pressure-low current for a full burning of the 
oxide, conservation of the electrodes, prevention of 
cavities; 

High pressure-high current for fitting of material; 

High current-low pressure for high efficiency of the 
welding current, prevention of sheet separation; 

High current-high pressure for quick follow-up and 
prevention of coarse structure and internal cracks; 

High pressure-no current for forging period (Fig. 1). 

This same sequence is applied to the welding of alumi¬ 
num gages ranging from 0.032 to 0.187 in. Here, 
however, the surface condition needs to be corrected by 
etching previous to spot welding, since the preheating 
method outlined above does not show satisfactory’ results 
on aluminum. Preheat and variable pressure are main¬ 
tained; break-through electromotive force is not needed. 

Three-Phase Welding Machines 

As we have outlined above, the power drawn from the 
line increases very rapidly with the thickness of the 
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material to be welded. The use of single-phase machines 
for* the welding of heavy gages unbalances a three-phase 
line and since most industrial installations have a three 
phase power system, these machines cause a serious dis¬ 
turbance to the power supply. These constitute a heavy 
reactive load to the power system due to a high induct¬ 
ance of the secondary welding circuit, the inductance 
being determined by Uie throat depth of the machine and 
by the distance between the arms. 

Since this reactance is much larger than the secondary 
resistance, it determines the impedance and the power 
factor of the welding machine, hence these machines 
operate at very low power factors (for large machines, 
less than 30%) and draw very highly reactive currents 
from the supply system. 

For welding machines operating at frequencies of 50 
to 60 cycles, the conductivity of the secondary circuit 
is limited by the skin effect in ^e conductor. It is a well- 
known fact that in alternating current circuits most of 
the current floWs on the surface of the conductor, the 
depth of the current penetration decreasing with in¬ 
creasing frequency. Because the values of welding 
current necessarily obtained may be very high, it is de¬ 
sirable to reduce the secondary resistance to the mini¬ 
mum value, a factor which cannot be easily accom- 



Fig. 5—Machine Type PMC0.5S-1, Capable ol Welding Two 
Thicknesses of */it Alclad 24 ST 


This type machine weighs 36,000 lb. and is supposed to be the 
heaviest spot welder of aluminum ever built. 


plished on 50- or 60- cycle machines because of this skin 
effect. It is not possible, therefore, to reduce the power 
demand (kw.) of the madiine below a value which is de¬ 
termined by the frequency of the applied voltage. 

A conventional single-phase alternating-current weld¬ 
ing machine has, ther^ore, three distinct limitations: 

1. It causes unbalanced power distribution on three- 

phase systems. 

2. It causes a very high kva. demand at exceedingly 

low power factors. 

3. It causes a high power demand (kw.) from the 

power system. 

These limitations naturally constitute a serious problem 
to both the users of welding machines and to the power 
supply companies. It is frequently necessary for weld- 



Fig. 6—Machine Type PMC0.2T-2, Operating on Three Phase 


This machine is in operation at Douglas Aircraft Co., Inc., El 
Segundo plant, and is designed for welding alloy steel of armor plate 
up to 'A in. plus ‘A in. 

ing machine users to build additional power installa¬ 
tions which, of course, maljes the cost of operation very 
high. In fact, it is often impossible for machines built 
for spot welding heavy thicknesses of steel to be used 
since there may not be provision for adequate power 
supply. It is desirable, therefore, that a welding sys¬ 
tem be devised which would operate in such a way 
that: 

(а) it will constitute a three-phase balanced load; 

{b) it will operate at near unity power factor; 

(c) it will decrease the kva. demand. 

By using such a system, it will be possible to: 

(o) reduce the cost and equipment of the power in¬ 
stallation; 

(б) reduce the cost of operation of the welding ma¬ 
chines. 
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Fig. 7—Machine Type PMA 490 Designed to Be Suspended 
from Crane, and Can Be Tilted on Different Planes 


Capable of welding up to '/* in. plus '/* in. rusty, scaly steel. 
The controls are separate and can be mounted either on the crane 
or on the wall. 


Piinciple.of Operation 


If a d.c. voltage is applied across the primary wind¬ 
ing of a single-phase, transformer, the resulting current 
flow will create, in the iron core, a magnetic field of 
increasing value up to the point of saturation. This field 
variation will induce an electromotive force and the subse¬ 
quent current in the secondary circuit will increase in 
value along a curve, the shape of which is governed by. 
the parameters of the secondary circuit. At the instant 
when the secondary current reaches its maximum value, 
the ratio of ‘primary to secondary current is the 
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Fig. 8 


same as the turn ratio of the transformer wind¬ 
ings. If the primary circuit is interrupted, the secondary 
current will decay and reach the zero value rap¬ 
idly. This rise and decay of current constitutes one 
impulse. For the next impulse a reversed polarity of the 
d.-c. source is applied to the primary of the welding trans¬ 
former, so that the primary and secondary current will 
rise along the same curves and reach the same mag¬ 
nitudes as before, but will be in the opposite direction. 
This reversed polarity is necessary to overcome the ef¬ 
fect of the residual magnetism remaining in the iron core 
from the first impulse. Two such impulses constitute 
one current cycle (see Fig. 2). WTien this process is 
repeated a large number of times, a form of alternating 



Fig. 9—Machine Type PMC3, ioz Operation from Crane 


This machine was built in France and was installed at Widkovicze 
in Czechoslovakia. Capable of welding Vs in. plus Vj in. rusty, 
scaly steel. Can be tilted on three planes and as shown in the pic¬ 
ture the machine is in the process of spot welding a prefabricated 
steel beam. 


current is generated in the secondary circuit and is used 
as a welding current. The magnitude of the secondary 
current impulse obtained after any given time interval 
is directly proportional to the voltage applied to the 
primary of the welding transformer. This is accom¬ 
plished by means of a tap switch on the rectifier trans¬ 
former, and often combined with a phase shift circuit 
applied to the control tubes in the rectifier. 

The duration of each impulse and the time interval 
between impulses are controlled by the selection of 
proper sequencing timers turning the current impulse 
on and off. 
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Fig. 10—Steel Construction Composed oi Spot-Welded, Pie- 
idbiicated Parts, Assembled by Rivets on the Field 
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Method of Operation (Fig. 3) 


unbalancing of the phases. It has been found that the 
power facto^er phase for this type of machine runs very 
close to S.>% as against 25 or 30% for single-phase 
welders. Because of the comparatively slow rise to the 
peak of the welding current in this new system, the prob¬ 
lem of obtaining satisfactory welds, particularly on steel, 
becomes less critical. The sudden rise to the peak in 
one-fomth of a cycle for single-phase machines causes 
most of the current to flow through the periphery of the 
welding electrodes, which in turn causes intense local 
heating, possible spitting, and electrode pickup. The 


4). This causes a reversal of direction of the applied 
primary voltage and the resulting secondary current 
without actually changing the polarity of the rectifier 
output. The initiation and interruption of the current 
impulses from the rectifier are accomplished either by 
closing and opening the igniter circuits by means of a 
mechanical relay, or by means of grid-controlled thyra- 
tron tubes. Although the sequence can be either fully 
electronic or composed of a system of electromagnetic 
relays, most of the latest model machines have been 
fully electronic. 

It will be noted that the rise to the peak of the sec¬ 
ondary current in this type of machine is much slower 
than that obtained in the single-phase 50- or 60-cycle 
unit. This naturally reduces the skin effect consider¬ 
ably and effectively causes a higher conductivity of the 
secondary circuit, thereby lowering the kw. demand. 
Because an equal amount of current is drawn from all 
three lines of the power supply, there is practically no 


Fig. 12—Steel Crane oi 6 Tons Carrying Capacity and 50-Ft. 
Span 

All stressed components are spot welded, except for the lateral 
troughs and horizontal webs which are arc weld^ for reasons of 
work accessibility and-water tightness. 


The direct-current power supply used for this type 
of machine is an ignitron tu^ rectifier, which may 
either be separate or built into the machine as an extra 
cabinet on the left-hand side. The latter system is 
preferable because so much of the control circuit is 
integral with the rectifier. It is possible to operate 
the machine at any desired voltage providing the weld¬ 
ing transformer is designed accordingly. This trans¬ 
former is of the standard single-phase type, but has its 
primary winding center tapped. 

The negative side of the rectifier or the center point 
of the star connected rectifier transformer secondary is 
connected to the cathode of two reversing ignitron tubes. 
The anode of one of these ignitrons is connected to one 
side of the welding transformer primary; the other 
one being connected to the opposite side. The center 
tap of this transformer is connected to the positive side 
of the rectifier or to the cathodes of the rectifier ignitrons. 
The sequence is arranged in such a manner that voltage 
impulses from the rectifier cause current to flow alter¬ 
nately first through one ignitron to one side of the 
primary of the welding transformer returning through 
the center tap, then through the other ignitron to the 
other side of the welding transformer primary (see Fig. 


Fig. 11—Spot-Welded Assembly Composed oi Vi hx- plus Vi 
In. Rusty and Scaly Steel 

Cross section shows the structure of the welded nuggets. 






Fig. 13—^Hot-Rolled Scaly and Rusty Low-Carbon Steel. 
*/i«-In. Angle Iron, V4-In. Plate 


new system with its slow rise automatically tends to 
eliminate this difficulty. 

When welding steel, particularly in the heavy thick¬ 
ness, it is usual practice to employ a large number of 
impulses. Part of this total weld time may be at a low 
voltage output from the rectifier so that'the impulse 
peak in the secondary circuit is below that required for 
welding, and is classified as a preheat. This *is then 
followed with a high voltage output giving a welding 
current which may again be followed with another lower 
voltage, causing an annealing current. 

Another method of welding, particularly when this 
new type machine is applied to seam welding, is to use 
one impulse per weld. This requires, in general, higher 
pressures and automatically is limited to use on thinner 
materials and aluminum alloys. For the latter case, it 
has been found necessary to use only one impulse, but 
to vary the voltage during the impulse to obtain preheat 
and tail current. Of course, this requires extremely 
accurate electronic control as, for example, one impulse 
may consist of 0.04 sec. at low voltage, 0.03 sec. at high 
voltage, followed by 0.04 sec. at lower voltage. Ma¬ 
chines operating under this principle are mainly applied 
to the welding of ferrous metals, stored energy usually 
being applied for the welding of aluminum alloys. 

Stored Energy Welding Machines for Heavy Gages 
of Aluminunf 

An appreciable number of magnetic stored energy 
machines capable of welding up to in. plus ^/i# in. 



Fig. 14—0.375 In. 0.375 In. Clean Mild Steel 


aluminum have been in operation for over three years in 
various plants throughout this country. The secondary 
current obtained by this method can reach values rang¬ 
ing up to 130,000 amp., but their duration does not 
exceed 4 to 5 cycles. The shape of this welding wave 
lends itself readily to the welding of aluminum, but 
since longer welding times are required for welding steel, 
some method as that explained above had to be devised. 
One of the greatest difficulties in obtaining the-right 
shape of wave for welding aluminum lies in the de¬ 
velopment of long enough times and not too rapid decay 
of the welding current. The amount of iron and copper, 
the number of windings of the primary and secondary 
had to be carefully calculated for this purpose (see Fig. 
5). 

Welding Machines for Heavy Gages of Steel 
(Fig. 6) 

The welding of heavy gages of steel which can easily 
be handled is done on pedestal machines, as in the case 
of any standard spot welder. The weight of the parts, 
however, limits this method of welding, inasmuch as it 
increases very fast due to the thickness involved. Port¬ 
able guns are impractical due to the size of cables that 
would be required and the losses that would conse¬ 
quently occur. The machines that seem the most eco- 



Fig. 15—0.187-In. + 0.187-In. Alclad 24ST 

« 


nomical and practical resemble heavy pneumatic riveting 
yokes, and have the transformer mounted directly to 
the arms, as for a pedestal-type welding machine. 

The suspension is designed to allow positioning on 
vertical and horizontal planes with all the intermediary 
settings. The machine is suspended from an overhead 
crane with the controls either mounted directly on the 
crane or on the wall (see Figs. 7 and 9). 

In certain cases, the machines can rest on the floor and 
are mounted on trunions to permit a good alignment 
of the electrodes when the parts are tightly held on 

jigs- 

All these machines incorporate variable pressure; 
preheat, welding, and postheat currents; and 3-phase 
control. 

Spot Welds 

The shear values, spacing, diameter of spot, etc., 
tabulated on this paper have been determine mainly 
experimentally. From the values found, simple for¬ 
mulas can be deducted (see Fig. 8). 
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The Use of Spot Welding as Comi)axed to Arc 
Welding 

Spot welding of heavy gages does not appear, at 
first glance, likely to present much competition to arc 
welding. 

The initial investment for arc welding is obviously 
lower. Arc welding lends itself to a great variety of 
applications; above all, when the parts are of intricate 
shape and very large in size, as in shipbuilding. The 
technique of arc wdding is, on the other hand, widely 
known and since many applications have already been 
found for its use, it is sometimes difficult to introduce the 
new method of assembly described in this paper. Arc 
welding very seldom requires flanges and therefore makes 
it possible to obtain lighter parts having the desired 
strength. 

Applications for spot-welded parts become very bene¬ 
ficial, however, in the case of mass production of parts 
of simple shape when the construction requires flanges 
and overlapping surfaces. Spot-welded parts would 
be prefabricated in a shop and assembled in the field, 
either by rivets or by arc welding. This would be the 
case of special I-beams, structmal elements for build¬ 


ings, heavy stampings used in truck constructions, etc. 
(see Figs. 10 and 11). 

Spot welding has been* most successful as a mass 
production method and this should remain true also for 
the welding of heavy gages. It is quite diflficult with 
this method of welding to use intricate electrodes. The 
parts must be of simple shape and easily accessible, 
since the pressures us^ will not allow excessive elec¬ 
trode deflection (see Fig. 12). 

The use of heavy gages of aluminum has found a limit 
to a certain extent in the aircraft industry, due to re¬ 
strictions in Army and Navy specifications. We pre¬ 
sume that when aluminum is used for other purposes 
than aircraft construction in peacetime, the welding of 
heavy gages will find a natural field for new develop¬ 
ments. (See Figs. 13, 14 and 15). 

The field of application of heavy gages of steel and 
aluminum will certainly undergo numerous tests dur¬ 
ing the period of reconversion. Methods and machines 
exist and great efforts have been exerted to make them 
practical, flexible, and of economical application. Some 
machines are already in use and have brought success. 

It is our belief that a very wide use of this process 
will follow, as has been the case for the light gages of 
steel and aluminum. 


Welding Railroad Structures 


By T. H. Gardner^ 


I N the past 12 yr. or more, there has been considerable 
use of welding in the strengthening, or reinforce¬ 
ment, of bridge structures. This use has provided 
for the economical replacement of lost metal due to cor¬ 
rosion, or the placing of additional metal to increase the 
capacity of structures. Even though a structure is re¬ 
conditioned with the live load stresses removed, some 
of the original members may have initial dead load 
stresses at the time that the new details are applied. 
This condition of unequal stress distribution in cross sec¬ 
tion of members may be intensified by unequal stresses 
set up in various components due to thermal changes due 
to heat from welding. 

The accepted proper procedure of the welding may 
have to be deviated from in order to secure proper fusion 
and penetration of the parent metals of different charac¬ 
teristics. The original metal may have become pitted or 
reduced in section at the edges to the extent that it may 
be necessary to flame cut, or otherwise prepare the edges 
to properly receive the welding and secure a sound wdd. 
Riveted connections which are inadequate may have to 
be supplemented by welding which may have to be ample 
to carry the entire stresses imposed. The conditions met 
in the reinforcement of structures may be far from ideal 
and usually are much more difficult than those met in 
the design, detailing, fabrication and erection of new 
welded bridge structures. In the use of welding for new 
structures the proper material can be specified. The se¬ 
lection of the shapes and plates, the preparation of the 
metal, assembly, fitting up, clamping, bolting and proper 
wdding procedures can be used. The design and details 
can be made to more readily avoid secondary stresses. 

* Presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, 
Ohio, Oct. 16 to 16. 1944. In this paper the welding referred to is by 
Electric Arc Process. 

t Structural Engineer, Florida Bast Coast Railway Co., St. Augustine, Fla. 
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All-Stedl, AU'Welded Double-Track Trestle, 250 Ft. Long, Built 1941, St. Augustine 
Under Construction When Photographed 



In cases connections may be greatly reduced in size, or 
even eliminated. 

The Florida Bast Coast Railway has for the past 14 yr. 
reinforced several bridge and building structures by 
welding. Their experience in the use of this relatively 
new method indicated that the work was generally more 
easily performed, was more economical and that traffic 
could, in general, be more readily taken care of during 
construction than could be done in riveted work. 

Our gradual conservative and economical use of weld¬ 
ing in the strengthening of bridges, turntables and the 
alteration of structures, called our attention to the greater 
ease and feasibility we would probably encounter in 
building new all-welded structures, as compared with 
reinforcing riveted structures by welding. 

The Florida East Coast Railway has constructed the 
following all-welded railway bridge structures for its 
main line used in Florida: 

1933—50-ft. rolled beam span,* single track, Facet 
Channel Viaduct, Key West Extension. 

1935—-Double-track bascule span, 50-ft., horizontal 
opening, Jupiter, Fla. 


1937—Single-track, all-steel, open-deck trestle ap¬ 
proaches to existing bascule span, 1200 ft. long, 
Stuart, Fla. 

1941—Double-track, all-steel, o|>en-deck trestle 250 
ft. long. 

Our standard trestle construction for the past 8 yr. 
has been a one-ply 12-in. wide flange beam with stiffeners 
and end connection plates welded. 

We have also used a fabricated steel cap, using a 12-in. 
tee section from a 24-in. I-beam split welded on a l5-in. 
channel laid flat with flanges turned down. 

In all our welded work used, its use has replaced riv¬ 
eted work primarily because it developed to incur less ini¬ 
tial cost. In welding construction we have usually sealed 
up the joints between abutting surfaces, to avoid the 
serious effect of progressive corrosion getting in between 
surfaces. 

During the past 11 yr. more than 97% of the tonnage 
of new bridge construction has been done by arc welding, 
and less than 3% by riveting. The same ratio applies 
in reinforcement of structures. 


* Thii iMn ■ince incorporated in hiKhway ftructure after Railway aban¬ 
doned the Key Weet Extension. 


AU-SImI W*ld«d St«el Back Wall, Stuart Bridga. Fabricated 
in Shop and Erected in One Piece. Lined with Wrought 
Iron Platee 


Double-Track Bascule Span, Jupiter, Fla., 1935 
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Efficiency and Production Control of Training 
Personnel for Manual Arc Welding 

By J. B. Arthur* and M. H. MacKusick* 


T raining new personnel in arc welding is an 
important and a vital part of the production of all 
welded ships. 

To us at Calship, training for welding work is a produc¬ 
tion job no different from that of any other production 
process. That is, we start out with raw material, process 
it, in^ct and turn out the product. 

This production process is necessarily large scale in 
scope in order to handle the personnel reqturements of the 
yard. 

Naturally in any large-scale production process, the 
system of processing the raw material is governed, by the 
following factors (all related to the economics of time, 
finances, etc.): 

1. Quality of raw material as received. 

2. Use of the processed product: 

(fl) Consumption. 

{b) Inspection standards. 

3. Time'for processing. 

4. Equipment, materials, personnel, etc., used to 
convert raw material to end product. 

In such large-scale production it is necessary to decide 
upon the method of process, with all details worked out, 
in order to obtain maximum production capacity. In 
the training of wdders the method of processing is de¬ 
pendent upon the following factors: 

1. Minimum production requirements for student 
welders after leaving “formal" training. 

2. Money allocated to “formal" training of operators. 

3. Operator qualification requirements. 

The ideal method of processing is that one which 
would, in minimtun time, turn out as a product, mechan¬ 
ics who would be able to do normal production work 
without fiuther training. Practically this is never 
reached, since time and money force a compromise. 
The purpose of this paper is not to present the method 
of training or the qualifications of personnel so trained, 
but rather to present a system of efficiency and produc¬ 
tion control for the training process regardless of method 
or end point. 

In order to know if a process is working efficiently, and 
in order to know the status of each unit in a production 
flow line, it is necessary to have a method of quantity and 
quality control as well as a method of determining quickly 
and with a minimum of effort the operating efficiency of 
personnel and equipment used in the work. All such 
controls are, in turn, used to improve quantity, quality 
and efifidency. 

Presented below is the method of such controls, the 
use of the method and the results obtained by its use. 

A pereon learns to arc weld by translation of a visual 
action into a manual action, i.e., by manual manipulation 
certain results are obtained which can be seen. There 
are probably in all cases several manual manipulations 
which might be used to give identical visual results. 

* Testing BogiDeer and Welding Engineer, respectively, California Ship, 
building Corporation, Wilfnington. Calif. 


Therefore the time used in actual "burning" of dectrodes 
and intelligent instruction is a possible source of measure¬ 
ment of production quantity, quality and effidency. 

We have devised a S 3 ^tent of measuring "arc time" by 
use of consumed dectrode coimt. This could have been 
done by use of "arc time" meters; however, by use of an 
dectrode cotmt we also licked the problem of housekeep¬ 
ing, full consumption of dectrodes, full use o^ available 
man-hours in the rod distribution department, and ind- 
dentally eliminated the added equipment expense (in¬ 
stallation and maintenance of “arc time" meters). 

Electrode distribution cans were made up as shown in 
Fig. 1. These cans are all numbered and each student is 
assigned a spedfic can. Cans are also colored according 
to a shift code, thus facilitating the work of dectrode 
distribution derks in issuing electrodes to students. 

Initially each student is issued 100 dectrodes. Stubs 
are deposited into the can and the^can is then returned to 
the rod room at the end of the shift or sooner if necessary. 
Stubs are counted and the count is entered on the form 
shown in Fig. 2. 

The arc time is calculated from the following equation; 

Arc time (min.) = number of stubs X standard bum-off 

rate 

(Bum-off rate.is expressed in minutes required to biuu 
off 12 in. of a 14-in. dectrode.) 

Extensive checks were made and the figures shown 
bdow are average and accurate for machine settings used 
in training. These rates are for A.W.S. Class E6010 
dectrodes. 


Size of 

Electrode, In. 

V. 

V»I 


Minutes Required (2-In. Stub Loss) 

1 min. 9 sec. (i.e., bum-off » lOVi iu- per min.) 
1 min. 20 sec. (i.e., bum-off « 9 in. per min.) 
1 min. 24 sec. (i.e., bum-off b gi/j in. per min.) 


To illustrate: Fifty stubs (2-in. average length) 
were returned. 

84 

Arc time (min.) = 50 X ^ = 70 min. 


This arc time is transferred to the card shown in Fig. 3. 

The card shown in Fig. 3 is filled out further from time 
cards and test records. Calculations for efficiency are 
made as follows: 


% Effidency = 


arc time (min.) 
training time (min.) 


X 100 


Thus, assuming a 9-hr. shift and full training with 50 
Vie*in. stubs returned, the per cent effidency would be as 
follows: 


% Effidency = g —or 13% (approximatdy) 
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All cards are kept up daily by one clerk for all shifts 
and all students. From this card monthly averages are 
established to give the following figures for comparison of 
instructors, shifts and students, and also to gage improve- 
ment or mak e changes in the training process. 

1. Average % operating efficiency: 

(a) by instructors. 

(b) by shift. 

• (c) over all. 

2. Average arc hours required to pass qualification 

tests. 

3. Training time vs. arc hours vs. tests passed. 

All students are compared daily with the standards 
set up as above. Any variations from the standards are 
analyzed and if below average, the student is checked by 
the superintendent and the instructor. The following 
possible check chart of variations and possible causes is 
then used to determine what is happening: 

1. High operating efficiency, average training time, 

but repeated failure of weld tests. 
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4. Nervous student. 

5. Incompetent student. 

2. Low operating efficiency and repeated failure of 

weld tests. 

Analysis: 

1. Student is lazy or low in intelligence. 

2. Physical handicap of student. 

3. Lazy or incompetent instructor. 

3. Average operating efficiency, but repeated failure 

of weld tests. 

Analysis: 

1. Lazy or incompetent instructor. 

2. Nervous student. 

3. Insufficient training for specific student who 

requires more than average attention and 
time. 

4. Low operating efficiency: other results good. 
Analysis: 

1. Student should work harder. Has ability, 

2. Instructor should keep student going uphill 

faster. 

5. High operating efficiency: all results good. 
Analysis: More than satisfactory. 

A complete analysis can thus be made to keep a close 
control on all students and instructors. 

Results have been more than gratifying in the use of 
this system. During the first two months’ operations, 
an over-all improvement in the effectiveness and attain¬ 
ment of training objectives is estimated at about 30%. 

A research program is being pursued at the present 
time with a view to the determination of the following, 
using this control system: 

1. Fatigue factors in training. 

2. Over-all training pattern plotting the course of 

absorption of learning by students against arc 
hours and training time. 

3. Ideal training time. 

4. Process of training according to sequence of pres¬ 

entation of units of training. 

Such data will be published when results are obtained 
and correlated for a reasonable period of time. 

We wish to extend our appreciation to the following, 
for their efforts and full cooperation in the use and ap¬ 
plication of this method of efficiency and production 
control of training personnel for manusd arc wdding: 

Geo. H. Davies, Supt. Weld Training. 

C. Hoffman, Asst. Supt. Weld Training. 

C. Brandvold, Asst. Supt. Weld Training. 

C. S. Kier, Supt. Electrode Distribution. 
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1. Poor instruction. 
















2. Insufficient instruction. ^ 
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3. Repetition of an error in manipulation which 

has not been corrected. Rg. 3 
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telephone offices in New York and Philadelphia 
t^ittocbed a strange sort of laboratory. Most of the way 
underground; engineers made their measurements 
Niimes in manholes. It was a lead-sheathed cable con¬ 
i'' ng two "coaxials" — each of them a wire supported in 
(•eater of a fiexible copper tube the size of a lead pencil. 
*ntt)ry had comdneed engineers of Bell Laboratories 
t: coaxial could carry many more telephone talks than 
voice frequency telephone cable; that it could 
'^adequately a television program. Experimental lengths 
Njeted; terminal apparatus was designed and tried out. 
t a full-sized trial was made with a system designed 


for 4S0 conversations. It was successful; in one demon¬ 
stration people talked over a 3800-mile circuit looped back 
and forth. Now the cable is carrying stmc of the wartime 
fliKid of telephone calls between these two big cities. 

This cable made television history also: through it in 
1940 were brought spot news pictures of a political con¬ 
vention in Philadelphia to be broadcast from New York. 
Bell Svstem contributions to television, which began with 
transmission from U'ashington to New York in 1927, have 
been laid aside for war work. When peace returns, a notable 
expansion of coaxial circuits is planned for both telephone 
and television in our Bell System work. 



BELL TELEPHONE LABORATORIES 

Exploring and inventing, devising and perfecting for ovr Armed Forces 6f 
war and for continued improvements and economies in telephone service. 
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Welch and R. F. Wyer. Elec. Eng. vol. 64, no. 3 (Mar. 1945), 
Trans.) pp. 116-120. 

Electric Welding, Resistance. Forging on Spot Welder, G. W. 
Birdsall. Steel, vol. 116, no. 8 (Feb. 19, 1945), pp. 106-107, 
146, 148, 161-152. 

Electrodes. Electrode Tip Wear in Spot Welding Mild Steel, 
W. S. Simmie. Iron Age, vol. 155, no. 5 (Feb. 1, 1945), pp. 48-51. 

Electronics. Electrical Engineering in Postwar World—XI— 
Electronics—An Industry Comes of Age, D. D. Knowles. Elec. 
Eng., vol. 64, no. 3 (Mar. 1945), pp. 106-108. 

Guns. Skip Welding PrevenU Distortion, E. J. Henderson. 
Iron Age, vol. 155, no. 11 (Mar. 15,1946), pp. 63-65. 

Industrial Trucks. Arc-Welded Power Trucks, C. E. Cochran. 
Welding Engr., vol. 30, no. 2 (Feb. 1945), pp. 46-48. 

Iron and Steel Plants. Welding and Cutting in Steel Plant 
Maintenance, S. D. Braumer. Iron & Steel Engr., vol. 22, no. 2 
(Feb. 1945), pp. 80-88. 

Jigs and Fixtures. Welding Light-Gage Steel, R. V. Anderson. 
Steel, vol. 116, no. 11 (Mar. 12,1945), pp. 104-105,160. 

Machinery Manufacture. Trends in Use of Wdded Machinery 
Parts, E. J. Charlton. Mech. Eng., vol. 67, no. 2 (Feb. 1946), pp. 
109-118, 129; also Steel, vol. 116, no. 8 (Feb. 19, 1945), pp. 112- 
114,116,118,160,162-163. 

Metal Cleaning Before Silver Brazing, J. Gauthier. Iron Age. 
voi. 155, no. 12 (Mar. 22,1945), pp. 56-68. 

Natural Gas Kpe Lines. Pressure-Welded Pipe Line, E. Sterrett. 
Welding Engr., vol. 30, no. 2 (Feb. 1946), pp. 37-39. 

Non-Ferrous Metals. Am. Soc. Testing Matls.—Standards, 
pt. I. 1944, pp. 705-889, 1013-1017, 1028-1029, 1069-1066, 1444- 
1768. 1850-1883. 

Oxyacetylene Cutting. Special Cutting Set Up Aids War Pro¬ 
duction, H. R. Gettys. Industry & Welding, vol. 18, no. 1 0an. 
1945), pp. 37-39. 

Oxyacetylene Cutting. Starting Inside Cuts on Stacks. Oxy- 
Acetylene Tips, vol. 24, no. 1 (Jan. 1945), pp. 13-14; see also 
Industry & Welding, vol. 18, no. 2 (Feb. 1945), pp. 39, 70-71. 

Oxyacetylene Cutting. How to Make Cutting Machine Temp¬ 
lets. Oxy-Acetylene Tips, vol 24, no. 1 (Jan. 1945), pp. 9-13. 

Oxyacetylene Welding. Low Temperature Welding in Steel 
Plant Maintenance, R. D. Wasserman. Iron & Steel Engr., vol. 
22, no. 3 (Mar. 1945), pp. 70-74 (discussion) 74, W. 

Petroleum Refineries, Fractionating units. Pilot Unit Segre¬ 
gates Hydrocarbons by Groups for Calculating Data Used in 
Tower Design. Nat. Petroleum News, vol. 37, no. 14 (Apr. 4. 
1945) (Sec. 2) pp. R282, R284, R286. 

Pickling of Alclad D. T. D. 390 and Duralumin 6. S. S. 5L3 
Prior to Spot Welding, R. F. Tylecote and R. W. Pittaway. Inst. 
Welding—Trans., vol. 7, no. 3 (Nov. 1944), pp. 129-136. 

Pipe Lines. Builds Novel Line-Up Clamp, O. C. Irvine. Petro¬ 
leum Engr:, vol. 16, no. 6 (Mar. 1945), p. 240. 

Pipe Lines. Nation’s Welded Pipe Line Construction During 


War Years Totals over 18,000 Miles, C. M. Taylor. Petroleum 
Engr., vol. 16, no. 6 (Mar. 1945), pp. 143,146,148,150. 

Pipe Lines. Pressure Welding C^erland Pipe Lines, E. P. Jones. 
Petroleiun Engr., vol. 16, no. 6 (Mar. 1945), pp. 214, 216, 218,220. 

Pressure Vess^. Design of Class 1 l^essure Vessels, E. J. 
Heeley. Indus. Chemist, vol. 21, no. 240 (Jan. 1945), pp. 16-22. 

Pressure Vessels. Note on Design Stresses In Cla^ 1 Welded 
Pressure Vessels, S. F. Dorey. Shipbldr. & Mar. Bngine-Bldr., 
vol. 52, no. 431 (Mar. 1945), pp. 108-109. 

Road Machinery. Blazing Trail with Welded Construction. 
G. S. Storatz. Industry & Welding, vol. 18, no. 1 (Jan. 1945), pp. 
40-^1,69. 

Shipbuilding. Arc Welding Procedure with Special Reference to 
Shipbuilding, W. G. John. Inst. Welding—Trans., vol. 7, no. 3 
(Nov. 1944), pp. 123-128. 

Shipbuilding. Sequence of Operations in Ship Welding, J. D. 
Wadling. Inst. Welding—Trans., vol. 7, no. 3 (Nov. 1944), pp. 
116-118 (discussion), 118-122, supp. sheets. 

Shipbuilding. Special Setups Speed Automatic Welding of 
Masts and Kingposts, G. E. Stedman, Steel, vol. 116, no. 9 (Feb. 
26,1945), pp. 94,96.99,128,130. 

Shipbuilding. Welding Canada’s New Frigates, D. Boring. 
Welding Engr., vol. 30, no. 2 (Feb. 1945), pp. 42^. 

Snow Plows, Maintenance and Repair. Plow Blade Life In¬ 
creased by Acetylene Flame Hardening, £. M. Sawyer. Roads & 
Streets, vol. 88, no. 3 (Mar. 1945), pp. 106-107. 

Soldering Equipment. Miniatiue Electric Soldering Iron. 
Metropolitan-Vickers Gaz., vol. 21, no. 347 (Jan. 1945), pp. 22. 

Solders. Tin-Free and Low-Tin Solders, C. A. Reichelderfer 
and B. W. Gonser. Steel, vol. 116, no. 9 (Feb. 26,1945), pp. 86-88, 
90,92, 132,134, 136. 

Sted Heat Treatment. Oxy-Acetylene Heating and Flame- 
Treating. Oxy-Acetylene Tips, vol. 24, no. 1 (Jan. 1945), pp. 
21-26. 

Tubes, Wdded Sted. Producing Gas Wdded Tubing from 2500 
Pound C^ils of Strip, J. N. Bohannon and F. Juddsohn. Sted, 
vol. 116, no. 9, 10. (Feb. 26, 1945), pp. 84-85, 102, 105, (Mar. 5), 
pp. 124-125,140,142. 

Water Pipe Lines, Maintenance and Repair. Carrying Water 
Main Across Ravine, R. H. Snyder. Pub. Works, vol. 76, no. 3 
(Mar. 1945), p. 23. 

Welded Steel Structure. Wdding In Steel Construction Work, 

L. E. Browne. Sted, vol. 116, no. 13 (Mar. 26, 1945), pp. 115, 
146,148. 

Wdders, Health Hazards. Wdding Fumes—Facts and Fancy, 

M. Ross and P. Drinker. Nat. Safety News, vol. 51, no. 2 (Feb. 
1945). pp. 14-15,80,82,84,86. 

Welders, Training. Efficiency and Production Control of Train¬ 
ing Personnd for Manual Arc Welding, J. B. Arthur and M. H. 
Mackusick. Pac. Mar. Rev., vol. 42, no. 3 (Mar. 1945), pp. 146- 
147. 

Wdders, Training. Training QM Wddors, C. B. Dunham. 
Wdding Engr., vol. 30, no. 2, (Feb. 1945), pp. 40-41. 

Wdding. Aim in Wdding-^ne Quality—The Best, E. Fuchs. 
Inst. Welding—Trans, vol. 7, no. 3 (Nov. 1944), pp. 104-115. 

Wdding Hazards. Some Safety Suggestions for Mine Arc 
Welders. Eng. & Min. J., vol. 146, no. 4 (Apr. 1945), pp. 100-101. 

Wdding. Modem Fabrication Technique, J. A. Dorrat. Inst. 
Wdding—Trans., vol. 8, no. 1 (Feb. 1945), pp. 3-8,50. 

Wdding. Symposium on Wdding After War. Inst. Wdding— 
Trans., vol. 8, no. 1 (Feb. 1945), pp. 9-18. 

Wdding. System of Indicating Wdding Requirements on 
Engineering Drawings, H. S. G. Gardner. Inst. Welding—Trans, 
vol. 8, no. 1 (Feb. 1945), pp. 38-47. 

Wdding Shops, Floating. Self-Contained Wdding Barge Saves 
Dock Congestion. Industry & Wdding, vol. 17, no. 12 (Dec. 1944), 
pp. 84-87. 

Wdding, Spatter-Proof Compounds. Extending Usefulness of 
Spatter-Proofing Compounds, J. H. Gartner. Industry & Welding, 
vol. 17, no. 12 (Dec. 1944), pp. 88-89,110. 

Wd^, Stresses. Experiments on Effect of Residual Stress on 
Strength of Welded Constructions, J. Orr. Instn. Engrs. & Ship- 
bldrs. in Gotland—Trans., vol. 88, pt. 4 (Feb. 1945), pp. 139- 
156. 

Welds, Stresses. Inclination of Welds to Direction of Stress 
and Its Influence on Tensile Strength, H. Zschokke and R. Mon- 
tandon. Brown Boveri Rev., vol. 31, no. 6 (June 1944), pp. 187- 
196; see also excerpts in Combustion, vol. 16, no. 9 (Mar. 1945), pp. 
45-47. 

Wdds, Testing. Determining Soundness of Wdds in Line 
Construction, W. E. Crenshaw and D. E. Abbey. Petroleiun Engr., 
vol. 16, no. 6, (Mar. 1945), pp. 233-234, 236, 238. 

Wire, Copper. Destructive Effect of High Temperature Solders 
on Copper Wires, R. H. Bailey. Wire & Wire Products, vol. 20, no. 
3 (Mar. 1945), pp. 197-199. 

Zinc Alloys, Properties. Creep Strength. Devdopment of 
High Value Wrought Zinc Alloys, F. Pawlek and M. Pfender. 
Metal Industry (I^nd.), vol. 65, no. 15, 16, (Oct. 13, 1944,) pp. 
226-228, (Oct. 20,) pp. 248-250. 
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Electrical Upsetting with Mallory Electrodes 



F astening two bolts to a bracket, with no protruding bolt heads, is 
now done by electrical upsetting in two simple operations—using 
Mallory Resistance Welding Electrodes—at rates up to 300 assemblies 
an hour, as against 60 an hour by conventional methods. 

Two threaded bolts are inserted in a lower die made of a Mallory alloy 
faced with Elkonite*. A bracket, punched with square, countersunk holes, 
is placed over the bolts and held in position by two locating pins. Upset¬ 
ting is performed by the upper electrode, also made of a Mallory alloy with 
an Elkonite face. Heated metal flows into the bracket holes and joins the 
bolts securely, flush with the bracket’s surface. Then the completed 
assembly is ejected with an air operated stripper. 

Long production runs, with minimum down time for electrode dressing, are 
achieved with this set-up, because the Elkonite welding surfaces combine 
high mechanical hardness with suitable electrical and thermal conductivity. 

Experienced Mallory engineers can help you to determine the techniques 
of resistance welding best suited to your production. They can aid you in 
selecting electrodes of the correct alloy—whether you need spot welding 
tips or holders, seam welding wheels, or dies for flash, butt or projection 
welding. Consult Mallory today. Write for a free copy of the illustrated 
catalog on Mallory electrodes. 


produces 
Thr ee Hundred 
Assemblies 
an hour instead 
of sixty 


ATTENTION¬ 
WELDING ENGINEERSl 

Now available—Third Edition 
Mallory Resistance Welding Data 
Book, a comprehensive text on 
resistance welding practices. Sent 
gratis to resistance welding engi* 
neers, when requested on com¬ 
pany letterhead. Available to 
students, libraries and schools at 
$2.50 per copy, postage paid. 



P. R. MALLORY & CO., Inc. 
INDIANAPOLIS 6 , INDIANA 


In tk« Unitmi Kingdom, Undo 
aitd Sold by Malory MtuUur- 
gical i^ndntU, Ltd., London. 


*R»f. U,S,PaLOIf.Jorrnfroctorymotal€Cinpo*ition*. 
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AMERICAN WELDING SOCIETY 

ACTIVITIES - RELATED EVENTS 


OBITUABY 
Edmund A. Doyle 

Edmund A. Doyle, Consulting Engineer 
for The Linde Air Products Co., a Unit of 
Union Carbide and Carbon Corp., and a 
former President of the American Weld¬ 
ing Society, died suddenly at his home, 
Friday evening. May 4th. He was 64 
years old. 



Edmund A. Doyle 


Mr. Doyle was born in Baltimore, Md., 
on Jan. 13, 1881. He received his early 
education at Baltimore and was graduated 
from Johns Hopkins University as a 
Mechanical Engineer. Dwing the first 
World War, Mr. Doyle served in the 
United States Army, Corps of Engineers, 
starting with the rank of first lieutenant 
and rising to the rank of Major. 

Mr. Doyle began his association with 
The Linde Air Products Co. in 1922 as 
Assistant General Sales Manager in 
Charge of Service. Four years later he 
became Consulting Engineer on Process 
Development, a position he held until his 
death. One of his early contacts with the 
field of welding and cutting was in con¬ 
nection with the cutting activities incident 
to raising the battleship Maine from 
Havana Harbor in 1908. 

Mr. Doyle served as a director of the 
American Welding Society and was 
President of the organization in 1930-31. 
He was responsible for the organization 
of the Committee on Building Codes and 
was chairman of this committee until his 
election as president of the SoaETY. 

Mr. Doyle was a 32Dd Degree Mason, 
a charter member of the Society of 
American Military Engineers and a mem¬ 
ber of the National Democratic Club. 


Hans Nielsen Boetchez 

Hans Nielsen Boetcher, Assistant to 
Superintendent of Power Production Sta¬ 
tions Department, Consolidated Gas Elec¬ 
tric Light and Power Company of Balti¬ 
more, died in that city on April 19, 1945, 
after a short illness. He was 47 years of 
age. 

A native of Hamburg, Germany, Mr. 
Boetcher received his formal education 
at the Technical University in Hannover. 
Prior to his coming to this coimtry in 1924, 
he was with the Siemans Electric Works, 
Hamburg. Continuing in the field of en¬ 
gineering associated with the generation 
of electric power, he entered the employ 
of the Consolidated Gas Electric Light and 
Power Company in 1925. Engaged pri¬ 
marily with the design, construction and 
operation of steam electric generating 
plants, Mr. Boetcher was prominent in 
recent years in metallurgy as applied to 
the Power Industry. He was known as an 
authority on corrosion and failure of met¬ 
als in power boilers and other power plant 
equipment, being the author of numerous 
papers and studies on these subjects. 

His knowledge of metals was also ap¬ 
plied to welding, in which he had great 
interest, and his contributions in this 
field were in large degree responsible for 
the rapid advance of this art. He was an 
Associate Member of the American Weld¬ 
ing Society and was prominent in the 
organization of the Maryland Section, 
being local chairman at one time. 

He was a member of The American 
Society of Mechanical Engineers, takitig- 
an active part in the committee work of 
that society. He served on numerous 
committees of the Edison Electric Insti¬ 
tute, being a member of the Prime Movers 
Committee at the time of his death. He 
was also a committee member of the 
American Society for Testing Materials, 
being Chairman of the Subgroup on 
Graphitization of High Temperature Pipe. 

Mr. Boetcher commanded the respect of 
all his associates, not only for his knowl¬ 
edge and engineering ability, but also for 
his kind appreciation and cheerful, hearty 
cooperation with all with whom he came 
in contact. His death is a great loss to 
the Power Industry and to the engineering 
profession. 


1945-46 NOMINATIONS 

The National and District Nominating 
Committees have announced the following 
nominations for National Officers and Di¬ 
rectors of the American Welding So¬ 
ciety. 

These nominations have been submitted 
to the membership for letter ballot vote. 


President —Wendell F. Hess, Head of 
Welding Laboratory, Rensselaer Poly¬ 
technic Institute, Troy, N. Y. 

1st Vice-President —Harold O. Hill, Asst. 
Chief Engineer, Fabricated Steel Con¬ 
struction, Bethlehem Steel Co., Beth¬ 
lehem, Pa. 

2nd Vice-President —G. N. Sieger, Pres. 
& Gen. Mgr., S-M-S Corp., 1165 
Harper Ave., Detroit, Mich. 

Directors-at-large (to serve for 3 years)— 

Charles H. Jennings,' Section Engr., 
Welding Section, Westinghouse Elec¬ 
tric Corp., E. Pittsburgh, Pa. 

A. B. Kinzel, Chief Metallurgist, Union 
Carbide & Carbon Res. Labs., Inc., 30 
E. 42nd St., New York, N. Y. 

C. M. Underwood, Manager, Welding 
Dept,, Northern Ordnance Co., Min¬ 
neapolis, Minn. 

R. D. Thomas, President, Arcos Corp., 
401 N. Broad St., Philadelphia, Pa. 

District Vice-Presidents 

No. 1 (New York and New England): 

F. W. Davis, Metallurgist, E. B. Badger 
& Sons Co., Boston, Mass. 

No. 2 (Mid-Eastern): 

W. G. Thbisingbr, Asst, to Vice- 
President, Lukens Steel Co., Coates- 
ville. Pa. 

No. 3 (Southern): 

Sydney Swan, Surveyor, American 
Bureau of Shipping, Pascagoula, Miss. 

No. 4 (Central): 

B. L. Wise, Asst. Mgr. Welder Div., 
Federal Machine & Welder Co., War¬ 
ren. Ohio. 

No. 5 (Mid-Western); 

R. E. McFarland, Engineer, Western 
Electric Co., Inc., Chicago, Ill. 

No. 6 (Mid-Southern): 

W. S. Evans, Materials Engineer, Cur- 
tiss-Wright Corp., St. Louis, Mo. 

No. 7 (Western): 

C. P. Sander, General Supt., Western 
Pipe & Steel Co. of Calif., Los An¬ 
geles, Calif. 


ELECTRONICS REPRESENTATIVE 

Frank B. Russell of Drexel Hill , Pa., 
has been appointed as the direct factory 
sales representative for the United Elec¬ 
tronics Company, Newark, N. J. This 
was recently announced by Mr. C. A. 
Rice, vice-president in charge of sales. 

Mr. Russell will cover territory includ¬ 
ing Eastern Pennsylvania. Delaware, 
Maryland and Virginia. 

United Electronics manufactures trans¬ 
mitting and industrial electronic power 
tubes. 
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Yes, you can 



Monel, Nickel and Inconel 



TYPICAL MONEL WELD 
TMde in 0.062-in. annealed ibeel (7.5X). 





This 12-page butlatin give* data which were obtained under 
optimum laboratory conditions for spot welding Monel, Nickel 
and Inconel. These findings are proving useful in the establish¬ 
ment of shop standards when recognition is given to the ox- 
periertce noted below. 


Before this bulletin was published, little information on 
spot welding of these metals was available. But here you 
have the results of two years’ research sponsored by The 
International Nickel Company at the Welding Laboratory 
of Rensselaer Polytechnic Institute. 

The research was carried out on several thicknesses of 
Monel, Nickel and Inconel sheet to determine optimum 
welding conditions, i.e., those producing the best welds con' 
sistent with high strength, soundness and low distortion. 

The effects of pressure... electrode size and shape... 
time... temper and grain size... current... the cause and 
control of porosity... all were among the many factors 
studied. 

The condensed table below typifies the valuable informa¬ 
tion that’s been brought between the covers of this bulletin. 

ANALYSIS OF RECOMMENDED CONDITIONS 
FOR SPOT WILDING ANNEALED MONEL 


CENTER of weld shown above (70X). 


NEW SHOP TEST SPEEDS MACHINE SET-UP 

A quick method of sectioning welds has 
proved very satisfactory in connection 
with machine adjustment and weld eval¬ 
uation. The method consists of scribing 
a line across the center of the weld, shear¬ 
ing or sawing adjacent to the center of the 
weld, smoothing this cut by filing or grind¬ 
ing to the center line, and then micro¬ 
etching the resulting section. Visual ex- 
. amination of the section shows diameter, 
penetration, structure and gross flaws. If 
the strength-diameter relation is known 
for a particular case, the approximate 
weld strength may easily be predicted 
from its dimensions. The time needed to 
perform this test is about two minutes. 
Concentrated ni,tric acid is a satisfactory 
etchant for Monel and Nickel; aqua regia 
for Inconel. This method appears to be 
of much greater value than the “peel test” 
as a method of setting up machines in the 
shop. The information obtained from the 
“quick section method” is a valuable sup¬ 
plement to the standard weld tests. 
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1/8 

184 

15,000 

12 

6,200 

570 

0.137 

0.032 

3/16 

690 

25,000 

12 

10,600 

1,290 

0.212 

0.062 

5/16 

2,685 

35,000 

12 

20,700 

3,930 

0.320 


1/4 

1,962 

40,000 

12 

15,300 

3,215 

0.280 

0.093 

3/8 

2,765 

25,000 

20 

22,600 

6,300 

0.408 


5/16 

2,685 

35,000 

12 

20,000 

4,370 

0.320 

0.125 

1/2 

4,910 

25,000 

30 

30,800 

10,950 

0.539 


3/8 

3,870 

35,000 

30 

21,300 

7,800 

0.441 


3/8 

4,420 

40,000 

20 

23,900 

6,825 

0.393 


NOTE: The values shov/n for "Strertgth Per Spot, Pound" were obtained 
under optimum laboratory conditions. They should not be used os shop 
standards. Experience has indicated that 80% of the strength values 
shown can be useth as a minimum overage sheor strength per spot for 
application to shop standards. 

If you're using (or planning to use) Monel, Nickel or Inconel, 
you’ll want a copy of this free bulletin. It’s a full discussion of ell 
the factors involved in their spot welding. 


THE INTERNATIONAL NICKEL 
67 Well Street, New York 5, N. Y. 


COMPANY, INC. 


THE INTERNATIONAL NICKEL COMPANY, INC. 

67 Wall Street, New York 5, N. Y. 

Gentlemen: Please send me a copy of your bulletin, 

“The Spot Welding of Nickel, Monel and Inconel.’’ 

Name. 

Poaition . ..!. 
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Company . 
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CORRECTION NOTICE 


Id the alphabetical list of members pub¬ 
lished in the Year Book, the following 
name was inadvertently omitted. 

Lawrence, Harold E. (C), President, Weld¬ 
ing Fabricating Co., 39 Summit St., 
Newark 4, N. J. 


FIRST ALL-WELDED HOSPITAL 

Preliminary details on what is believed 
to be the first all-welded hospital building 
in the country have been received by 
officials of The Lincoln Electric Co., 
Cleveland, Ohio. 

The 18-story hospital, shown in . the 
accompan}nng sketch, embodies the most 
progressive ideas in modem structural de¬ 
sign and furnishes a significant clue to the 
general type of building construction we 
can expect- as soon as restrictions on ma¬ 
terial are lifted. 

It is proposed that the framework of the 
new unit, to be known as Kahler Hospital, 
will be designed as a continuous stmcture 
of beams and their connecting members, 
welding details of which are based on past 
analysis and conform to general engineer¬ 
ing acceptance. 

In preparing the specifications, the 
architects, Ellerbe and Company, St. 
Paul, Minn., discarded all concepts of 
riveted construction which tends to re¬ 
strict the range of application of certain 
welding details. 



Architect's Sketch o! Proposed New Kahler 
General Hospital at Rochester, Minn., 
Which Will Be of AU-Welded Construction 


The hospital building, which will cover 
an area of 150 x 270 ft., or about half a 
city block, will be built of welded steel 
with concrete floor slabs and is to be 
erected at Rochester, Minn. 


FORGING AHEAD IN THE WELDING 
BUSINESS 

The above is the title of a mimeographed 
pamphlet with paper covers, written and 
published by Robert S. Hale, 57 Post St., 
San Francisco 4, Calif. The pamphlet 
consists of 56 pages of helpful suggestions 
on the business (not technical) side of 
starting a Job Wdding Shop. Price per 
pamphlet $7.50. 


WELDED GEAR BLANK 
(Corraction Notice) 

On page 386 of the April 1945 issue of 
Thb Wblding Journal, there appeared a 
photograph and description under the 
above title. However, the name of the 
company was inadvertently left out. It is 
the Farrel-Binningham Co., Inc., >An- 
sonia. Conn. 


McMASTER JOINS BATTELLE 

Dr. Robert C. McMaster, formerly asso¬ 
ciated with the electrical engineering staff 
at the California Institute of Technology, 
has been appointed to the staff of Battelle 
Institute, Columbus, Ohio, and assigned 
to its division of industrial physics. 

A specialist in high-voltage electrical en¬ 
gineering, Dr. McMaster holds Bachelor 
of Science, Master of Science and Doctor 
of Philosophy degrees from the California 
Institute of Technology. He is a member 
of the American Institute of Electrical En¬ 
gineers, serving on its Electric Welding 
Commmittee; the American Welding 
Society, serving on its Resistance and 
Flash Welding Committees; the Indus¬ 
trial Radium and X-Ray Society; Sigma 
XI, honorary scientific society; Tau Beta 
Pi and Theta Tau, honorary engineering 
societies; and Eta Kappa Nu, honorary 
electrical engineering society. 
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CAN YOU TELL WHICH TUBES ARE BETTER ? 


Two tubes of the same type may look 
exactly alike, but if one was assembled 
in the Machlett "White Room” while 
the other was put together under aver¬ 
age factory conditions, there would be 
a considerable difference between 
them. In lighting, cleanliness and condi¬ 
tioned environment, the "White Room” 
resembles a hospital operating room, 
and tubes passing through it remain 
free of internal contamination that 
would lessen their stability, shorten 
their life. Such tubes will give full-rated, 
predictable performance, and prove 
uniformly economical and satisfactory. 
It was to achieve such improved results 


that Machlett built the first "White 
Room” in the industry — subsequently 
adopted by others. Many still.newer 
Machlett techniques, such as this, con¬ 
tinue to improve the quality and per¬ 
formance of our products. In this way, 
Machlett leadership in the electron tube 
field is maintained. 

When you need b medical or indus¬ 
trial X-ray tube, or an oscillator, 
amplifier, or rectifier for radio or 
industrial purposes, select a Machlett. 
It will pay you in stability of operation 
and long life. For information as to 
available tubes, write Machlett Labo¬ 
ratories, Inc., Springdale, Connecticut. 



EG-50—on X-ray tube with beryllium wirtdow for 
radiograph/ of light matoriali and thin toctioru. 
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STOCKHOLDERS VOTE NAME CHANGE 

Stockholders of the Westinghouse Elec* 
trie and Manufacturing Co. at their recent 
annxial meeting voted to change the Com¬ 
pany's name to Westinghouse Electric 
Corp., for simplicity and brevity. 


NEW AGRICULTURAL AWARD AND 
SCHOLARSHIP PROGRAM ANNOUNCED 
BY LINCOLN FOUNDATION 

Announcement of a $37,500 Award Pro¬ 
gram to encourage investigation, study 
and scientific development of arc welding 
in farm operation and maintenance has 
been made by The James F. Lincoln Arc 
Welding Foundation, Cleveland, Ohio. 

The first Award Program of its kind 
offered by the Foundation in this field, 
the project is intended to enable agricul¬ 
tural producers to more fully develop the 
arc welding process along scientific lines 
and to widen its utility to the fanner. The 
development of procedures and methods 
will enable the farmer to benefit from the 
advantages of welding. It is believed that 
more complete application of the process 
will help the industry overcome many of 
the obstacles presented through short¬ 
ages in material and manpower by enabling 
operators to conserve their mechanical 
equipment and machinery to build vari¬ 
ous structures and devices which, add con¬ 
venience and efficiency to farm operation. 

Nowhere is the need for efficiency more 


vital than in farming and this process 
which has played such an important part 
in industry has so far been used and 
applied on the farm only to a limited ex¬ 
tent. Thus, the basic purpose of this plan 
to be known as "The ^7,500 Agricultural 
Award and Scholarship Program," is to 
extend the knowledge of the modem 
process of arc welding in order to further 
its usefulness in farm maintenance and 
operation. 

Under the chairmanship of Dr. E. E. 
Dreese, Chairman of the Department of 
Electrical Engineering of Ohio State 
University, the rules of participation have 
been reviewed and approved by the Com¬ 
mittee on Rules consisting of the follow¬ 
ing educators in agriculture: 

president Lyman E. Jackson, South 
Dakota State College of Agriculture 
and Mechanic Arts 

Dean Charles N. Shepardson, School of 
Agriculture, Agricultural and Mech¬ 
anical College of Texas 
Dean J. A. Hill, College of Agriculture, 
University of Wyoming 
Dean L. E. Call, &hool of Agriculture, 
Kansas State College of Agriculture 
and Applied Science 
Dean S. W. Fletcher, School of AgricuN 
ture, Pennsylvania State College 
Dean H. H. Kildee, Division of Agri¬ 
culture, Iowa State College of Agri¬ 
culture and Mechanic Arts 
Dean W. W. Burr, College of Agricul¬ 
ture, University of Nebraska 
Dean Paul W. Chapman, College of 
Agriculture, University of Georgia 


Dean John F. Cunningham, College of 
Agriculture, Ohio State University 

The awards will be made for papers 
describing the application of arc welding 
to maintenance of farm equipment, ma¬ 
chinery or farm structures, including the 
construction of miscellaneous parts and 
contrivances. In the treatment of this 
topic consideration should be given to 
such factors as: procedures, methods, ma¬ 
terials, electrodes, etc., as well as econo¬ 
mies of welding, such as savings in both 
time and money, or in any other pertinent 
factor; type of welding equipment best 
adapted with suggestions for new equip¬ 
ment and accessories; any factors dealing 
with the learning of welding. 

There are 131 cash awards in each of two 
divisions. The Program offers a total of 
$30,000 in cash awards, and $7500 in 
scholarships for the Colleges of Agricul¬ 
ture in the states in which the award 
winners reside. 

The cash awards in each division are as 
follows: a first award of $3000, second of 
$2000, third of $1000, fourth of $750, 
fifth of $500, sixth of $250, twenty-five 
of $100 each and one hundred of $50 each. 

There are 15 scholarship awards of $250 
each in each division. The College of 
Agriculture in the state in which the first 
award winner of each division resides will 
receive six scholarships totaling $1500; 
the College of Agriculture in the state in 
which the second award winner of each 
division resides will receive four scholar¬ 
ships totaling $1000; the College of Agri¬ 
culture in the state in which the third 



R^O 


r^ASTIAN-BLESSINlP^ 


4241 Peterson Av*. Chicago 30, III. 

Pieneeri and Leodert in Equipment for Using 
and Controlling High Pressure Genes 


YOU 


THEY’RE ”MT”? 


• The odds are against yoiir cylinders being 
if you don't have a modern manifold 
installed in your shop or plant. 

Learn now how a RegO Manifold, designed to your exact 
requirements, can cut your gas costs by withdrawing 
all the gas from all the cylinders . . . there's 
no obligation . . . simply write. 
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gun type resistance welder , 
an example of which is the \ \ 
overhead rail unit which 

can be rolled up and down an assembly line and allows 
operator a wide radius of travel about the work 
(see above)... Spot welders , from small utility rocker 
arm types (see left) to heavy duty units capable of 
I welding sheets up to % inch each have 

wide use in the metal working industry 
^ ... Roll spot and seam welders have 
Q equally broad application, produce a 
continuous or intermittent weld, autO' 
matically indexed... and many other cost saving types. 

Federal wants to make available to you full information 
on applications of resistance welding mi 

to better and faster fabrication. 5 

We want to bring you up to date on ^ 

resistance welding as a tool for mod- ^ I 

em production. Federal is ready to I 

help if you will tell us WHAT YOU 
WANT TO KNOW ABOUT RESISTANCE WELDING. 

Consult “the name of authority on resistance welding”. 

'^edemh^ 


WELDER CO. 


206 Dana Street 
WARREN, OHIO 
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VERSATILE MODERN 
PRODUCTION TOOLS 

BARREL WELDERS 

Of the millions of welded steel drums 
or barrels used to distribute gasoline 
and oil to our mechanized war in far 
corners of the earth, a vast majority are 
welded on Federal Barrel Welders. Not 
only has a major percentage of the in¬ 
dustry for many years been equipped 
with Federals, but The Federal Marine 
and Welder Company designed and 
built several complete barrel manufac¬ 
turing plants set up by the army at dis¬ 
tant bases to augment the tremendously 
increased output of the home industry. 

Seam welds (resistance welded) in 
such containers must be able to take 
terrific punishment. Immediately after 
welding, the barrel shells pass through 
a machine which forms two 'rolling 
rings in the side, by stretching the ste^ 
outwardly under great pressure. Then, 
too, the loaded barrels, weighing over 
four hundred pounds, often are dropped 
a distance that subjects them to thou¬ 
sands of pounds impact. The weld must 
hold. __ 

NEW FOLDERS 

Most recent informative bulletids on 
Federal Resistance Welders to come 
from the press are the new "Type R" 
bulletin describing a complete line of 
rocker arm utility spot welders . . . and 
"Type P" Bulletin with details of Fed- 
erafs Press Welders, used for projec¬ 
tion welding, mash welding, etc. Bulle¬ 
tins are available now on request. 

HOUSEWARE PRODUCTION 

Anticipated expansion of houseware 
production points up the advantages of 
Federal resistance welding for'the fast, 
low cost application oi handles to 
enameling steel or aluminum pots and 

S ans. Press type welders are used, with 
ies that permit rapid loading, give 

E roduction of 500 to 800 handles per 
our, depending upon type of handle 
applied. Cost with one manufacturer is 
one-fifth previous methods. 


INTERESTING PLANT 

Full details of a complete manufac¬ 
turing plant for high production of 
large resistance welded tank turret 
rings (up to seven feet OD) are in a 
book just released by The Federal 
Machine and Welder Company. The 
company designed and built the entire 
plant, shipped to a foreign power. 
Point of interest is that similar rin^s, 
which can be made with same equip¬ 
ment, could be used for large ring gear 
blanks, rotating table bearings, pos¬ 
sibly locomotive tires. Limit'ed number 
available to executives, technical men, 
sufficiently interested to write to Fed¬ 
eral giving name, official title and 
company name. 
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award winner of each division resides will 
receive two scholarships totaling S500; 
the College of Agriculture in'the state in 
which the fourth award winner of each 
division resides will receive two scholar¬ 
ships totaling $500. The College of Agri¬ 
culture in the state in which the fifth 
award winner of each division resides will 
receive one scholarship of $250. 

The selection of the recipients of scholar¬ 
ships, who are to be students in Agricul¬ 
tural Engineering or in allied scientific 
agricultural fields will be made by a com¬ 
mittee of three in each college which shall 
include: the Dean of the College of Agri¬ 
culture; the head of the Department of 
Agricultural Engineering (wherever such a 
department exists), and a third member to 
be selected by these two. In case there is 
no Department of Agricultural Engineer¬ 
ing, the Dean will select two persons to 
act with himself as a committee. 

The scholarship funds may be used for 
one or more students for one or more years, 
depending upon the number of scholar¬ 
ships available in the particular scholar¬ 
ship fund. This shall be decided by the 
committee designated in the preceding 
paragraph. 

The only requirements of the donor with 
regard to the recipients of scholarships is 
that the scholarships are to be awarded on 
the basis of scholastic attainment, imagi¬ 
nation and promise without regard to the 
financial need of the students. 

The winners of all awards will be further 
honored since the scholarships in their 
respective states will be given names: 


"The John Doe (using name of award 
winner) Scholarship of the Lincoln Foun¬ 
dation." 

Those who may participate in the Pro¬ 
gram are divided into two divisions; 
Division 1—Persons actively engaged as 
agricultural producers of food and fiber 
products, or in the raising and breeding of 
farm animals, and Division II—Persons 
engaged professionally in agricultural 
education or services, including teachers 
of agriculture, county agricultural agents, 
soil conservationists and graduate stu¬ 
dents in Agricultural Engineering. 

The Jury of Award for judging the 
papers will be drawn from appropriate 
fields of agriculture and engineering. 
Selection of the jurors will be under the 
Chairman of The Jury of Award, Dr. E. E. 
Dreese, Chairman pf the Board of Trustees 
of The Lincoln Foundation. 

Further details of "The $37,500 Agri¬ 
cultural Award and Scholarship Program" 
which closes June 15, 1946, may be ob¬ 
tained by writing the Secretary, The 
James F. Lincoln Arc Welding Founda¬ 
tion, Cleveland 1, Ohio. 

The James F. Lincoln Arc Welding 
Foundation has conducted numerous 
award programs in the past. Among these 
have been the General Industrial Award 
Program and the Industrial Progress 
Award Program, which have been partici¬ 
pated in by business executives, engineers 
and industrial workers. 

Another recent program of The Founda¬ 
tion was the Undergraduate Award and 
Scholarship Program, participated in by 


engineering undergraduate students. A 
series of awards for textbooks to be used 
in technical schools and universities cover¬ 
ing Modem Machine Design and Modem 
Structural Design was announced by The 
Foundation, April 2nd. 

The Foundation has also been active in 
establishing special book collections in 
engineering schools. 

The Foundation, which was created in 
1936 in honor of James F. Lincoln, Presi¬ 
dent of The Lincoln Electric Company, 
Cleveland, Ohio, has also published books 
such as Arc Welding in Design, Manu¬ 
facture and Construction, Studies in Arc 
Welding and Maintenance Arc Welding. 


HARD FACING BOOKLET 

To be successful. Hard Facing should 
have a high Rockwell or Brinell hardness 
and retain its hardness and resistance to 
abrasion at high red heat. It should have 
enough toughness to withstand impact, 
and enough adhesion to form an unbreak¬ 
able bond with the parent metal, with 
slight penetration. 

One of the requisites of a successful 
Hard Facing job is the proper technique 
of application which is quite different 
fi-om that of welding steel to steel. A 
booklet published by Mir-O-Col Alloy Co., 
2416 East 53d St., Los Angeles 11, Calif., 
is an effort to set forth simply and under¬ 
standably the result of twenty years of 
research and successful application of 
Hard Facing. Available free on request. 



PUCTQHg. 


For Better and Easier Welding 


(E6011 and E6013) 

WELDING RODS 


Prompt dalivory con ba mada on OUCTONC AC redi, lha ola<- 
troda lhal hat baan datignad aipacioMy for AC walding. Thit 
U a pramium quelity alaetrodo that it for tuparier to oil othar 
AC redt. li it notad for ilt axtra-itabiliiollon in lha coating, 
which mokat striking and maintaining an ore aasy, ond for its 
all potilien wta . . . Small tixat ara atpacially good for thin 
ihaat matol. Excallant for varticol and evarhaad walding on 
DC petiliva polarity. Extrudad ail tixat from 1/16'* to 1/4" 
Saa your daalar. 


farriferiai Avoiiobia for Oftfribufort 



WONDERS NEVER CEASE! 


That's a fact... in a modern fabricating 
plant. Take the crane weldments shown 
above ... 5100 lbs. of complicated sub¬ 
assemblies . . . each a fair engineering 
and welding project in itself. 

Work of this character feotures opera¬ 
tions at United, svhere 32 years of 
experience and the latest In equipment 
are joined to produce welded products 
and ports with precision, speed and 
economy. 


Submif yovf drowingt. 
Contvir our En9in»«rs. 



THE UNITED WELDING CO. 


MieeurewM, ohio 


wrto'NC raitrcarots or mooiih ofs/cart 
SINCE 1413 
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AO Short Jackcc No. 203CL: 
Full protection for u-mt.oeck, 
cheat and shoulder). 




AO CLOTHING 
FOR HOT WEATHER 
WELDING 


for 20SB.CL-Com F 


Here are comfoi table garments for warm 
weather bench welding, cutting and burning. Made from 
high grade chrome tanned leather, these garments provide 
ample protection for those parts of the body which are 
exposed. Yet, they eliminate the necessity of wearing hot, 
heavy clothing over parts of the body which are not in 
danger from sparks or molten metal. 

AO carries a complete line of welders’ clothing — 
jackets, pants, overalls, spats, leggings and gloves. Send to 
your nearest AO Branch Office or direct to the 
company for complete information. 


American 'P Optical 


COMPANY 

SOUTHBRIDGE, MASSACHUSETTS 
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VICE-PRESIDENTS OF THE BABCOCK & 
WILCOX CO. 

Auguste G. Pratt, Presideut of The 
Babcock & Wilcox Co., announced re¬ 
cently that the Board of Directors had 
elected two additional Vice-Presidents, 
Alfred Iddles and J. H. King. Mr. King 
has been Manager of the MaHne Depart¬ 
ment of the Company since 1932, and 
Mr. Iddles, special assistant to the Vice- 
President in charge of engineering. 

Mr. Pratt was re-elected President, and 
Isaac Harter, E. G. Bailey and C. W. 
Middleton re-elected as Vice-Presidents. 
A. B. Phin was re-elected Comptroller, and 
William Sheldrick, Treasurer and As¬ 
sistant Secretary. C. U. Savoye has been 
appointed as an additional Executive 
Assistant. 


BUDD PLANS TO RESUME 
BUILDING COMPLETE RANGE 
OF PASSENGER EQUIPMENT 

The Edward G. Budd Manufacturing 
Company will rewme the manufacture of 
modem, lightweight stainless steel railway 
passenger cars just as soon as manpower 
and materials are available, Edward G. 
Budd, President, announc^ in Philadel¬ 
phia recently. The announcement said the 
Company, which eleven years ago pio¬ 
neered the building of modern streamlined 
trains of stainless steel, would include 
among its postwar products railway pas¬ 


senger cars for both day and night occu¬ 
pancy as well as all types of recreational 
facilities required for the well-balanced, 
all-purpose train. 

The program includes resumption of the 
now famous reserved seat sleeper coaches, 
or chair cars, developed by Budd during 
the ’30s, as well as dining, lounge, tavern, 
observation, and several t3rpes of sleeping 
cars, Mr. Budd said. 


QUINZIO JOINS CARBORUNDUM 

John R. Quinzio, formerly with the 
Buffalo Foundry & Machine Co., is now 
connected with the Carborundum Co. of 
Niagara Falls, as Maintenance Engineer. 


G.L'S OPPORTUNITY 

A guide book for those who would own 
their own business ... not just a job, but a 
chance for true achievement ... 34 au¬ 
thentic case histories of 34 successful con¬ 
cerns . . . the men, the ideas, the methods 
... that made them great. 

The true stories that make up the con¬ 
tents of this booklet have been carefully 
selected from past issues of Adventures in 
Business. These particular stories have 
been reprinted because each of them is a 
sturdy guide-post for the man or woman 
who wants more than a job—who is am¬ 
bitious to have his or her own business and 
a chance for true achievement in the post¬ 
war world. 


Published by Ghost Town Press, 112 
West Ninth St., Los Angeles 15, Calif. 
Price, 26ff a copy. 


ARCALOY DISTRIBUTOR 

The Johnson Welding Company of 2640 
West Van Burep St., Chicago, has been 
appointed the distributor for Arcaloy stain¬ 
less and tool steel electrodes in the Chicago 
area. 

This company is maintaining a com¬ 
plete stock of electrodes for immediate de¬ 
livery and has a well-balanced personnel 
that will assure Chicago consumers prompt, 
efficient service on all their requirements 
for Arcaloy electrodes. 


CLEANING AND SOLDERING CIRCULAR 

An eight-page folder covering cleaning, 
derusting, phosphotizing, soldering and 
maintenance processes has been released 
by Klem Chemical Works, Industrial 
Chemicals, 1500-18 E. Woodbridge, De¬ 
troit 7, Mich. 

A step-by-step procedure is outlined to 
acquaint the purchasing personnel with 
the diversified uses of the products which 
they are purchasing. Also this folder Is 
Mrritten for the shop superintendent, the 
factory manager, Uie chemist and the 
metallurgist or the process engineer. 

Fully described processes explain the 
use of phosphoric acid cleaners, alkali 
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# The next time you light your acetylene torch, take a look at that flame. 
If you’re still using “bottled” acetylene, you’re burning Dollars— you 
know: those bits of green paper which seem so plentiful these days, but 
which never come so fast but that you could always use a few more. 

If you’d just make your own acetylene with a Sight Feed portable 
generator, you could put about two-thirds of each of those acetylene 
dollars in your cash register where they belong. You’d have an unlimited 
supply of top-quality gas for your welding and cutting; and don’t forget: 
it’s Portable! 

If you’d like to have more information, contact your jobber or 

THE SIGHT FEED GENERATOR COMPANY 

RICHMOND, INDIANA 
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SMITHWAY ll•ctredet In 
action —Welding press- 
formed alloy steel truss mem¬ 
bers at 1 3 points assured 
adequate strength, boosted 
production and saved materi¬ 
als and finished weight on 
C-47 loading gear trusses, as 
compared with former forged 
iteel cgnstructioiv 


TTHEN the U. S. Army’s vital C-47 cargo 
plane was ready for mass production, there 
just wasn’t enough drop forge capacity avail¬ 
able in the nation to make the landing gear 
trusses pictured above. 

So the part was redesigned for welding 
with SMITH way electrodes, and the bottle¬ 
neck disappeared. 

In this vital war emergency, welding as a 
production tool had replaced fotgings with 
stampings, had avoided extensive machining 


time, had saved 106 pounds per unit of 
critical alloys, and assured unlimited pro¬ 
duction speed. 

SMITHway Certified Welding Electrodes 
are vital factors in this and many other 
modem welding achievements. Now available 
for your use, tool They are helping win 
recognition for welding as a great production 
tool ... as the best method for fabricating 
most products of steel. Write for catalog ... 
and make the most of WELDING! 


oh Boetd. *7J$U Monikl 

Mild Steel... High Tensile... and Stainless Steel 
WELDING ELECTRODES 


SAIfTHwoy WMimg Moa/for 

trams better weUers, faster. 


SMITH wa y 
Certified 
WELDING 
ELECTRODES 


mode by welt/ers • • • for wetJers 


SMITHway A. C. WaUiag Maehlaa 
saves power; elimmates are blow. 



A.O.C 


MITH Corporation 
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SUPPORTING COMPANIES 


SETTING UP A WELDING UNIT 


power wash and still tank cleaners, main¬ 
tenance cleaners, soldering fluxes, spray 
booth compounds and enamel or paint re¬ 
movers. 


CANCELLATION OF A.S.T.M. 

MEETING AND EXHIBIT 

The A.S.T.M. Executive Committee at 
its meeting on April 10th decided to cancel 
the 6-day regular Annual Meeting of the 
Society (scheduled for Buffalo. June 18- 
22, inci.) and instead to plan for a business 
session or sessions to be held probably the 
last week in June in New York City. This 
will permit actions on the formal stan¬ 
dards to be consummated and Society 
business to be conducted. Also cancelled 
is the Exhibit of Testing Apparatus and 
Related Equipment which had been 
scheduled for the Annual Meeting. These 
actions were taken in full cognizance of 
the transportation situation and after 
consultation with officials of the Washing¬ 
ton Committee on Conventions and the 
O.D.T. 

The Society will proceed with the print¬ 
ing of its techniccd papers and reports that 
would normally have been presented and 
these will be distributed to the members 
as is customary. The Society's technical 
committees are bolding meetings at vari¬ 
ous times and places and its work on 
specifications and tests for materials 
continues intensively. 


Avery & Saul Co., South Boston, Msm. 
Engineers, designers and fabricators of all 
types of welded steel assemblies. Si>ecialize 
in the welding of magnesium and aluminum 
alloys. 

• • * 

La Salle Electric and Mill Supply Co., 
1360 Franklin St., Detroit 7, Mich., has 
been appointed by the A. O. Smith Corp. 
of Milwaukee, Wis., to provide complete 
and immediate service on their line of 
welding electrodes and a.-c. welding ma¬ 
chines. Each type of welder, as well as 
large stocks of each rod, are maintained 
in Detroit. Each desk man and salesman 
has been a welder, or has taken training 
in the engineering and application of 
welding problems, thus providing a com¬ 
bination of experience and technical 
service. 

• • • 

Welding Equipment & Supply Co., 223 
Leib St., Detroit, Mich., distributors of 
welding supplies and manufacturers of 
Eureka tool and die welding electrodes. 

In the past ten years this Company has 
specialized in tool and die wel^ng and 
pioneered the development of a complete 
Ipe of tool and die welding electrodes, 
which are distributed nationally through 
distributor organizations. They main¬ 
tain a staff of field engineers as specialists 
in tool and die welding 


V'ictor Equipment Co. had made avail¬ 
able for vocational training schools and to 
beginners, a 4fl-page, fully illustrated bulle¬ 
tin describing in simple and understand¬ 
able langtuge how to assemble a welding 
or cutting outfit entitled—"Setting Up a 
Victor Welding or Cutting Unit.” 

Anyone interested may secure a copy, 
free of charge or obligation, by requesting 
Form No. 1 from Victor Equipment Co., 
844 Folsom St., San- Francisco 7, Calif. 


BRITISH MARINE SALVAGE AND 
HARBOR CLEARANCE 

"Britain will have, on the termination 
of hostilities, the finest and largest fleet Of 
salvage ships and croft available anywhere, 
a great amount of special equipment and a 
surplus of skilled and experienced salvage 
personnel,” declared Captain J. B. Pol- 
land. Chief Technical Officer of the Sal¬ 
vage Department of the British Admiralty, 
in a recent lecture to the Royal UnitM 
Service Institution. 

A new electric oxyarc cutting torch, an 
electric arc process for under-water weld¬ 
ing and the Cox submerged bolt driving 
gun are some of wartime contributions to 
salvage equipment. 
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STEEL MILL WELDING* 

By Walter K. Simont 

The welding department at the South 
Works Plant of Camegie-Illinois Steel 
Corp* was established during World War I. 
when welding first came into use for mak' 
ing emergency repairs. Improvements in 
welding equipment and materials have 
aided greatly in extending its use since that 
time. Welded fabrications that formerly 
were dreams are today almost routine, for 
welding has now taken its place among the 
established trades. 

One man made up the South Works 
department at first, but during 1942-43 
the department had expanded to include a 
force of approximately 300 employees. At 
present the force is limited to about 250. 
with 40% working in the shop and 60% 
in the fidd. As high as 35 women welders 
have been on the force at one time. 

The shop differs from most in that all 
weldments are layed out, cut to shape, 
assembled and welded to specifications 
wi thin the confines of the plant. The 
transition from raw materials to finidied 
weldments, with the exception of such 
heavy bending, forming or rolling as may 
be required, is strictly the function of the 
welding department. A good portion of 
the maintenance work is performed in the 
field, which makes possible continued 


* Coadensation of paper presented before Av 
•ociatioa of Iron and Steel Engineers, Chicago, 
lU.. April 3. 1946. 

f Graeral Porman, Welding Dept., South Works, 
Caimegie-Illinois St^ Corp. 


operation of the mills by eliminating the 
lengthy and costly dismantling operations 
required to replace worn or broken equip¬ 
ment. Repair jobs are a sizable portion of 
both shop and field work. 

Fabrication is confined to the shop and 
at present amounts to about 50% of the 
shop activities. This phase of operations 
is one that is increasing by leaps and 
bounds, with no sign of an ultimate goal. 
One of the more recent phases of arc weld¬ 
ing, the hard facing process, is playing a 
prominent part in work done by the weld¬ 
ing department, with indications that it is 
still in its infancy so far as applications are 
concerned. At present the department is 
hard facing spindles and coupling boxes, 
pug mill paddles, shear knives, soaking pit 
tong bits, reheating furnace skid pipes, 
scrap chutes, guides, side plates,- gag press 
anvils, conveyor buckets, mud gun pis¬ 
tons, bleeder valves, bucket tray lips and 
numerous other items. Automatic arc 
welding at praent is limited to build-up 
work that can be rotated in a lathe with a 
21-in. swing and a 24-ft. bed. 

In a steel mill where most of the equip¬ 
ment is of a heavy nature. Thermit weld¬ 
ing has an essential use in joining sections 
that could not be welded by any other 
means. During the past 2 yrs. the welding 
department at South Works has Thermit 
welded 120 jobs consisting of: 

22 open-hearth rams or reels 

10 manipulator rams 

15 spindles 

10 work and back-up rolls 


8 pinions 

5 ladle car frames 

15 stripper tongs 

4 gas engine piston rods 

6 rail jobs 

25 miscellaneous items including shafts, 
racks, trunnions, roll housings, 
side guards, etc. 

The largest and heaviest of all welded 
fabrications built in the shop thus far is a 
Beam mill manipulator, weighing 90,000 
lb., with an over-all length of 31 ft 8 in. 
This had to be fabricated in two parts to 
stay within the lifting limits of the over¬ 
head shop crane. 


LT. 7. CUTHBERT OWENS COMMENDED 

Lt. J. Cuthbert Owens; M.C.. U.S.N.R., 
of Beloit, Wis., was the first medical officer 
in our armed services to experiment with 
and successfully use whole blood in a for¬ 
ward invasion area on D-day. The prac¬ 
tice of using whole blood is now standard. 
Dr. Owens has been commended for his 
work. 

Dr. Owens is a recognized authcnity on 
beachhead surgical practice because his 
varied experiences in at least six major 
Pacific invasions, including, Tarawa, 
Kwajalein, Saipan, Guam, Leyte and 
Luzon. 

Dr. Owens’ father is James W. Owens. 
Director of Welding for all Fairbanks- 
Morse plants, and is located in Beloit, Wis. 


Carbide 


IN THE RED DRUM 


EFFICIENT 

ECONOMICAL 


DEPENDABLE 





M E. 42nd St. 


FOR WELDING and CUTTING — 

Use National Carbide in the Red Drum 

National Carbide Corporation New York. n. y. 
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U-S-S Rolled Steels 
for Welding Include 

.S-s HIGH STRENGTH 

„ose*^if ^ jjitional coU. 

•ttsssiSS: 

.SS“2.Kr 


For cfoxe work on enemy shorex, hordes 
of these smaU, self-propelled croft carry 
men, truchs, artillery and ammunition 
||| from larger vessels to the beaches. Their 
fabrication in quantity is another instance 
in which the call for new war equipment 
was met by welded steel — at top speed. 


S uccessful welders have told us 

tViot «M4irr Kova nf f,r\t\A 


^ that they must have steel of good 
welding characteristics if they are. to 
turn out quantities of quality work in 
jig time. 

When you work with U'S’S Rolled 
Steels you have this triple advantage: 
First, a full line of high quality rolled 
steels. Second, our technical staff’s ac¬ 
cumulated knowledge of all kinds of 
steel. Third, the findings of our welding 
research specialists, *who have made 
thousands of tests to determine the 
welding properties of various kinds of 
steel. Welding engineers and'designers 
tell us this information is of great prac¬ 
tical value. It helps them save metal, 
turn out lighter, stronger work—faster. 

Our technical staff will be glad to con¬ 
sult with you, to supply complete, de¬ 
tailed information that is helping count¬ 
less manufacturers to utilize advanced 
welding techniques, to maintain quality 
standards and to meet increased war¬ 
time quotas. Drop us a line today, this 
service is offered without obligation. 


U S S ROLLED STEELS FOR WELDING 


CARNEGIE.ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, 5ow Frattcisco 
TENNESSEE COAL. IRON & RAILROAD COthPAHY, Birmingham 
United State* Steel Supply Ciimpany, Chicaio, H'arailoax# Distrtbulorg 
United Stale* Steel Export Company, New York 


UNITED STATES STEEL ■ 
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GORHAM W. WOODS JOINS 
LINCOLN ELECTRIC 

The addition of Gorham W. Woods to 
its engineering staff has been announced 
by The Lincoln Electric Co., Cleveland, 
Ohio, world’s largest producers of arc 
welding equipment. 

Joining the Company as research en¬ 
gineer, Mr. Woods will devote a major 
part of his time to the development of 
electrodes, a ^ost for which he is well 
qualified in view of bis many years of ex¬ 
perience in the field of chemistry and 
metallurgy. 



A graduate of Rice Institute of Houston, 
Tex., he received his B.S. degree in Chemi¬ 
cal Engineering in 1923. 

Mr. Woods was chief chemist of the 
Hughes Tool Company, of Houston for 
seven years, and development engineer 
of the same firm for 12 years. His duties 
included the design, manufacture and use 
of oil field tools and supervision of work 
in various steel mills and oil fields in the 
.southwest and Mexico. 

During the past three years he was 
process engineer of the Dickson Gun 
Plant, a Hughes-operated concern, where 
he had charge of the technical aspects in¬ 
volved in the manufacture of cannon by 
the centrifugal casting process. 

A registered professional engineer in 
the states of Texas and Ohio, Mr. Woods 
is a member of the American Welding 
Society and in 1940-41 was Chairman 
of the South Texas Section. He has done 
considerable research and experimental 
work in the development of welding elec¬ 
trodes, materials and processes. He is 
also a member of the American Society for 
Metals and Tau Beta Pi fraternity. 


FLOATING FACTORIES REPAIR 
WARSHIPS IN BATTLE AREAS 

Enough electric equipment to furnish 
a good-sized factory plus a small hot^ is 
installed on each floating drydock the 
Navy is using to make emergency repairs 
of warships far from their most advanced 


permanent bases, engineers of General 
Electric disclosed here recently. 

These floating factories, recently re¬ 
vealed to be in action, are changing the 
concept of naval warfare by enabling 
strategists to plan ocean-going operations 
without dependence on the availability of 
fixed bases. Whereas the old static con¬ 
cept of sea strategy required ships to oper¬ 
ate within an approximate range of 2000 
miles from a permanent repair base, 
floating drydocks make it possible to es¬ 
tablish bases as they are needed and as 
near the fighting zone as desired. 

In operation these mobile drydocks pre¬ 
pare a warship for repair by literally lift¬ 
ing the damaged vessel out of the water, 
thus giving workmen access to any part 
of the hull or deck, the same as if-the ship 
were being overhauled on land. This is 
achieved by admitting water to sealed 
compartments so that the drydock sub¬ 
merges. When this is accomplished, the 
damaged vessel is floated over the dock 
or the dock is submerged under the vessel. 
Then water is pumped out of the compart¬ 
ments, and the drydock. with the ship 
under repair now nestling on it in a rack, 
arises to the surface. In this position, the 
damaged ship is completely out of the 
water, with its hull exposed, and examina- 
'tion or repair is made possible. 

Though several different models of 
floating drydocks are presently in opera¬ 
tion, the newest and most radical of these 
is the advanced base sectional type, in 
which 10 separate units, or barges, are 
joined together to form a repair dock that 




KRE-CO ALUMINUM 
BRAZING PROCESS 

Nothing tricky about joining aluminum when you 
use our simple process. The gauge of the m tal 
presents no problem. It is the least costly and 
most speedy method in use. Operators easily 
and quickly trained following simple instructions. 
The process makes brazing possible at a tempera¬ 
ture safely below the melting point of the parent 
metal. Request Bulletin (M3) 


KRE-CO MULTICHEMIC FLUX 

DIVISION OF 

CHARLES W. KRIEG CO. 


52-60 Dickerton St. 


Newark 4, NJ. 
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How to modernize Spot Welders 
for os little os ^105^! 


spoilage goes down and production goes up when 
welding power is controlled automatically. And it's a 
simple matter to equip machines, now in service, with 
modern timers and contactors for that purpose. 


To^-TYPE TBS-1 SAFRONT TIMER automaticQlly 
controls duration of welding current. All “live" ports 
ore behind a protective panel. Timer odfustments 
can be made simply by turning the small knurled 
wheel on the panel front. Timer did is calibrated 
3 to 100 cycles. 


Safront Timer and High-Speed 
Contactor eliminate human element 
and assure weld quality 


Your nearest Square D Field Engineer will be glad 
to check up on your present welding equipment. Quite 
often, such check-ups lead to substantial improvement 
in quality and output^at very little cost. 


5o//om—HIGH-SPEED CONTACTOR closos and 
opens the circuit to the primary of the resistance 
welding transformer. It is designed specifically for 
fost operation and heovy loads. Notice omple 
ventflaHon ond generous wiring space. Knockouts 
for conduit entrance are provided In both top 
and bottom. 


5QUHRE D COMPANY 


DETROIT 


MILWAUKEE 


LOS ANGELES 
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REDUCES 

WELDING 

FOOTAGE 


UNLESS 

you USE 

THERMACOTE 

SPAHER-PROOF 

COVER LENSES 

THERMACOTE sp«tter-prooF, 
water-proof, always-clear cover 
lenaec pay big dividendc in in- 
created welding footage. Prove 
it with free tamplet from your 
nearest dealer. 

THERMACOTE CO. 

NEWARK CHICAGO 

LOS ANGELES PORTLAND 


can accommodate a battleship. When 
this type dock is assembled, the separate 
barges form & surface nearly as long as 
three football fields and with side walls 
rising higher than a five-story building. 
Each of the sections has a lifting capacity 
of 10.000 long ton^, equivalent to a fleet of 
7500 average automobiles. An assembly 
composed of 7 such sections joined to¬ 
gether is large enough to accommodate a 
cruiser. 

Because each barge is a complete unit in 
itself, as well as a “hotel” for the men who 
comprise the service crew, great amounts 
of electricity are consumed. This is gen¬ 
erated by diesel-driven generators on each 
section and is used to operate machine 
tools, cranes, welders, anchor windlasses, 
hoists, blowers, compressors, ventilating 
and refrigerating units and pumps for 
emptying and filling buoyancy compart¬ 
ments. Electric equipment for these sec¬ 
tional drydocks was supplied by General 
Electric. 

Unable to navigate under their own 
power, sectional drydocks are towed' by 
other vessels to a protected location and 
there assembled and put into operation. 
Their latest repair equipment enables 
them to overhaul huge warships in short 
order and either send them back to per¬ 
manent bases under their power or put 
them back in the fight. 


EISLER ENGINEERING CELEBRATES 
25TH ANNIVERSARY 

In Jtme of 1920, Charles Eisler founded 
the Eisler Engineering Company of New¬ 
ark, New Jersey. It was a small plant 
employing only a few men, but it’s pur¬ 
pose was a big one for it specialized in the 
design and manufactme of automatic 
machinery essential to the mass produc¬ 
tion of incandescent lamps, ra(ho and 
electronic tubes and accessories. 

Eisler was among the first to install 
special automatic volume production 
equipment and methods. He introduced 
the universal coil winding machine for 
continuous and gap filament coils. No¬ 
table among his inventions is the bent ex¬ 
haust tube process for making tipless 
house lamps. Year in and out a steady 
stream of new ideas in automatic machin¬ 
ery continues to flow from the Eisler or¬ 
ganization. Most of these have been de¬ 
signed for the lamp industry and include, 
tools and implements necessary for the 
proper manufacture of incandescent lamps, 
radio, neon and electronic tubes and ac¬ 
cessories. 

During 25 years of fundamental and 
pioneering research, the Eisler organiza¬ 
tion has grown into a large progressive 
plant, internationally recognized and dis¬ 
tinguished for its many contributions to 
the radio tube and lamp industries. 
Standing at the threshold of a new and 
more promising era in radio advancement 
the company is commemorating a quarter 
of a century of service to industry with a 
special anniversary catalog. This unique 
catalog is a striking commentary on the 
historical background and a revealing pic¬ 
ture of the Eisler organization. Profusely 
illustrated with more than 4000 machine 
and methods illustrations, it is replete 
with useful information and technical 
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Charles Eisler 


data for the electronic glass working in¬ 
dustry, and its numerous branches. It 
will make an invaluable addition to engi¬ 
neering libraries and company records 
throughout the country. Those wishing 
copies are invited to write directly to the 
Eisler Engineering Company, 760 South 
13th Street, Newark 3, New Jersey. 


HOBART SALES OFTICE 

Announcement is made by the Hobart 
Welder Sales & Service for a new address 
of its Oklahoma City office and salesroom. 
The new location, 518 South Robinson, 
Oklahoma City, is in charge of C. H. Min¬ 
ton, District Sales Engineer of The Hobart 
Brothers Co. Mr. Minton has been with 
The Hobart Brothers Co. for more than 8 
yr. in the Oklahoma City area. Mrs. Min¬ 
ton has ably assisted him in the office. 



Mr, and Mrs. Minion 

I'liu in'w location provides ample 
quarters for service. rei)air parts, and is 
eqiiiiiped for welding demonstrations. 

Gene Bryan, fonnerly of Tulsa, has 
joined the organization in a sales capacity. 
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HERE’S HOW ONE MANUFACTURER 

(AND THERE ARE MANY OTHERS) 

SOLVED THIS ARC WELDING PROBLEM 

The general manager of a large Michigan plant, using manual 
arc welding equipment, discovered that the percentage of poor 
welds went up considerably between 11 and 12 oclock m^e 
morning and between 4 and 5 o'clock in the afternoon. The 
reason was obvious — strain and fatigue began to tell on the 
operators after several hours of work. 

Being an alert general manager, he figured that operators 
fatigue not only cut down production ... it also 
reduced profits. And at that point he decided to take 
the logical step —install Unamatic Welding —the 
modem automatic arc welding process. 

The benefits of this action were threefold: (1) Una¬ 
matic Welding enabled this plant to speed production 
200-300%, (2) it cut arc welding costs, (3) it resulted 
in better welding. 

We suggest that if you want, to eliminate the 
"fatigue hours" in your welding departments and 
obtain these plus advantages, get the facts on Una¬ 
matic Welding . . . today. 


UNAMATIC HEAD 
for ••CONCEALH) 
ARC" (ItBfcl eeot»d 
wif and granular 
flvx) Automaiie Arc 
Walding. 




UNAMATIC HEAD FOR 
“PROTECTED ARC” (ffflfc# 
coofnd w/r* and tap*), Awf^ 
m^tc Arc Wntding. 


UNA WELDING, INC. 

1615 COLLAMER AVENUE 
CLEVELAND 10, OHIO 


UNAMATICHEAD 
FOR “OPEN ARC" 
c»al*d wire) 
Avfomafic Arc 
Wlding. 




UNAMme WEIDING 


1945 


ADVERTISING 


589 


Digitized by 


Google 














NEW PRODUCTS 


F- 


The Society etssumes no responsibility 
for the validity of claims in this Section 


P & H ARC TIMER 

A patent has recently been granted to 
Erwin C. Brekelbaiun and Sol. Oestreicher 
of the Hamiscbfeger Corp. of Milwaukee 
covering the basic functions of the P & H 
Arc Timer, for use in conjunction with the 
Production Welding Control System 
originated by that 'company, manufac¬ 
turers of a complete line of arc-welding 
equipment. The arc timer is an electric 
clocking device which, connected to the 
circuit of a welding machine, records the 
actual time spent by the operator in de¬ 
positing weld met^. And the system itself 
is a means of controlling welding proce¬ 
dures, production, quality and cost. 
Though relatively new, the P & H Pro¬ 
duction Welding Control Ssrstem has 
found a ready acceptance by the welders 
themselves, providing as it does a just 
basis for compensation, whatever the wage 
plan. 


A.-C. WELDING MACHINES 

J. H. Read, President of Brgolyte Manu¬ 
facturing Co., 3627 North Lawrence St.. 
Philadelphia, announces a new line of a.-c. 
arc welding machines that replace their 
"plug-in” models. 

The new machines are built in a modem 
octagonal all-metal case. The body of the 
case is a bright red, with black top. The 
control panel is located on the front to 
provide easy view of plug-in knobs. 

The new machines are called Ergolyte 
Standard 161 arid Standard 251. The big 
features of these machines are the ease 
with which the whirlwind air cooling as¬ 
sembly and cyclone automatic arcing 
assembly can convert either one of these 
machines to specific welding needs. By 
the addition of these units to the Standard 
161 and 251, four different machines are 
made. This makes it easy for jobbers to 
supply the type of machine wanted with¬ 
out carrying large stocks of models. The 
standard machines plus fan and conversion 
accessories provide a.-c. welding machines 
for continuous welding or machines that 
strike a quick arc with practically any 
type of rod. 

The heavy-duty 300 machine is a step¬ 
less type. Built in heavy red octagonal 
case with black top, the heat gage on the 
front clearly shows the heat changes. 
This machine has been tested with a va¬ 
riety of high production heavy welding jobs 
such as generator bases and landing craft 
ramps. 


ELECTRODE TO WELD COPPER METALS 
WITH A. C. AND D. C. 

The Eutectic Welding Alloys Co. has 
introduced a new electrode for arc welding. 
Known as EutecTrode 28, the new elec¬ 
trode is a coated special bronze alloy to be 
used for the arc welding of bronze, brass 
and copper. 

EutecTrode 28 contains an unusual com¬ 
bination of metals and is shielded with a 
newly devised ffux .coating that makes it 
suitable for use either on a.-c. or d.-c. cur¬ 
rent. 

^e dectrode will deposit dense and 
tough metal that is a good color match to 
most types of bronzes. It will give the 
welded area substantially the same corro¬ 
sion resistance as these various base metals 
possess. It may also be used for welding 
copper and brass or joining t hese metals to 
steel, cast iron or nickel alloys, and for 
overlaying steel or cast iron to provide a 
good bearing surface. 

EutecTrode 28 is available in ^/t and 
Vu'in. diameters and can be identified by 
a light green tip. 

A procedure sheet on the proper use and 
application of the electrode and a photo¬ 
graph of a welding job done with Eutec¬ 
Trode 28 are avai^ble, upon request. 
Please address all inquiries to Department 
A-2, Eutectic Welding Alloys Co., 40 
Worth St.. New York 13, N. Y. 


ELECTRODE HOLDER 

A new armor-clad (screw type), fully 
insulated electrode holder has been an¬ 
nounced by the Electric Welding Division 
of the General Electric Co. Designed 
from the operator’s viewpoint the new 
holder is recommended for use wherever 
durability, maximum safety and mini¬ 
mum operator fatigue are desired. 

A feature of the new holder is its head, 
which b completely enclosed in a sheath 
of aluminum armor. This armor pro¬ 
tects the insulation, resbts weld spatter 
and eliminates the possibility of accidental 
contact with the welding circuit. Thus 
the holder remains clean while in use and 
lasts considerably longer than insulated 
holders without armor cladding. 

Designed to accommodate electrodes up 
to and including ^/* in. in diameter, the 
holder is easy to use, light in weight (15 
oz.) and unusually cool in operation. A 
slight twist of the hand tightens or re¬ 
leases the electrode. While in use, the 



holder firmly grips the electrode at the 
proper angle and good current contact is 
maintained. This keeps the holder cool, 
tends to prevent overheating of the elec¬ 
trode and maintains a uniform melting 
rate clear down to a stub end. The threads 
of the push-up rod do not carry current. 
A soldered cable connection also helps the 
holder to remain cool. The width of the 
electrode slot limits the size of the elec¬ 
trode which can be inserted, thus pre¬ 
venting overloading, one of the evils 
which materially shorten the life of elec¬ 
trode holders. 


NEW WELDER'S TRUCK 

For the acetylene gas welder who must 
take hb equipment to the place of welding, 
Palmer-Shile Co., 7109 West Jefferson 
Ave., Detroit 17, Mich., haa provided a 
convenient means in their new Welder’s 
Truck. 



Designed to accommodate one gas and 
one air cylinder, the new truck cradles to 
stabilize cylinders and b thus said to pro¬ 
vide for easy handling. Truck handles are 
equipped with cross bar on which Gasaver 
or torch hanger may readily be mounted. 
Hooks welded on handles provide a con¬ 
venient place for hanging gas hose when 
not in use. Tool box b mounted on swiveb 
so that toob are always in level position. 

The new truck b of all-metal, all- 
welded construction. Frame work b of 
angle iron and sheet metal. Handles are 
of heavy tubular steel. Over-all height b 
48 in., width 29 in. Wheeb are 24 x 2 in. 
Further detailed information will be sup¬ 
plied by the manufacturer. 
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Inspection covers are an excellent application for stud welding be¬ 
cause the studs are easily and accurately located without drilling and 
tapping. Welds are as strong as those made by any other method. 

rf ^ 

H / For complete details, prices and catalog write: 

I NELSON SPECIALTY WELDING EQUIPMENT CORP. 

I Dept. J, 440 Peralta Ave., San Leandro, Calif. 


Eastern Representative: Camden Stud Vf'elding Corp. 
Dept. 122, 1416 South Sixth Street, Camden, N. /. 


Nelson Stud Welding saves time and material be¬ 
cause studs are end-welded to metal without drill¬ 
ing or tapping to secure them. Uniform welds, 
with full Mlet, result every time . . . complete 
fusion between the stud and metal is obtained in 
1/2 second. 

The Nelson Stud Welder is jully automatic and 
completely portable. Light in weight and easy to 
use, it welds effectively in any position. Or it may 
be operated as a production unit from a fixed jig. 
Thousands of these automatic welders are now 
being used in more than 650 industrial plants. No 
previous welding experience is necessary. 

Write today for complete details about the 
Nelson Stud Welder, catalog and price list. 


After layout and centerpunching the studs are welded to the metal. 
The stud is inserted in the gun chuck, the trigger pulled and a 
complete, fuli-fillet weld results. Operators can weld from 500 to. 
1500 studs in eight hours without dithculty. A template may be 
used if desired. 


CvtiWtf VifW stud after welding and etching 
with Nital shows the complete fusion of the 
stud to metal. Fillet is not only around outer 
surface of the stud but weld is a complete fusion 
of the stud to metal. 


Eliminate drilling and 
tapping studs with 


NELSON STUD WELDING! 
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CRANE CAB DESIGN 

A radical innovation in cab design for 
overhead traveling cranes has been de¬ 
veloped by the Cleveland Crane & Engi¬ 
neering Co., Wickliffe, Ohio, which in¬ 
cludes full vision for the operator, com¬ 
fortable sit-down control and air condi¬ 
tioning. 

The cab is the greatest step forward in 
crane design since the advent of the all- 
welded steel crane construction also 
pioneered by Cleveland Crane. Cylindri¬ 
cal in shape it is modem streamlined in 
appearance. Corners or blind vision spots 
are eliminated. Ample room is provided 
with no waste space. 



This Revolutionary Cleveland Crane Cab 
Is 6 Ft. 6 In. High by 4 Ft. 6 In. Diameter 
and Equipped with Electric Controller & 
Manufacturing Co. Master Switches and 
Lintem Aiie-Rectifier 

The transparent enclosure panels ex¬ 
tend to the floor permitting maximum 
vision in every direction over the area 
covered by the crane. The panels are of a 
new plastic which is shatterproof and im¬ 
pervious to certain gases common in many 
plants that may be injurious to glass. 

With this <Sib, crane operation becomes 
an easy, sit-down job. Master switches 
especially designed for magnetic control 
are located for greatest convenience. 
Hoist and trolley switches are attached to 
the right and left arms of the chair. The 
bridge switch is on the floor and controlled 
with the right foot. Thus there is a defi¬ 
nite control job for each of the operator’s 
hands and feet, but none of his limbs need 
serve a double duty as in most conven¬ 
tional cabs. 

An air-cooled air-conditioning unit, 
especially designed for this cab provides 
fresh clean air at any normal temperature 
desired and gives protection against ob¬ 
jectionable gases, dusts and fumes. The 
unit attached to the cab illustrated is for 


use where temperatures do not exceed 
140*’. Adequate sealing and insulation is 
provided to assure against excessive losses. 

A novel feature is the traveling plat¬ 
form which serves both as vestibule to the 
cab and a means for easy access to the en¬ 
tire exterior side of the window for clean¬ 
ing purposes. Safety locks on both plat¬ 
form and cab door prevent operation of 
either except when platform is in proper 
position. 

This new cab is a self-contained unit 
that may be furnished with any new crane 
employing magnetic control and it may be 
applied to existing cranes of any make. 


ALL-POSmON WELDING WITH A. C. 

The use of a.-c. welding, particularly for 
vertical and overhead work, has been ham¬ 
pered by the lack of an all-position a.-c. 
electrode capable of producing highest 
qqality weld metal. Long a research 
project, an a.-c. electrode, known as the 
ACP, has emerged from Westinghouse 
laboratories; it meets the requirements 
of the U. S. Navy Department Bureau of 
Ships and the standards for welding set by 
various associations. The new electrode 
includes an arc pacifier that prevents ex¬ 
cessive spatter loss during the negative 
half cycles and an arc stabilizer to aid in 
re-establishing the arc after each current 
zero. 

For best performance on vertical and 
overhead arc welding, a high-organic 
electrode coating is used. This coating 
provides an envelope of burning gas that 
keeps the oxygen and nitrogen in the at¬ 
mosphere from contaminating the weld 
metal. This type of coating leaves but 
a scanty slag over the deposited metal that 
does not interfere with welding. Curi¬ 
ously, this high-organic coating works in a 


satisfactory manner when the current 
flows in one direction but not the other. 
Obviously, d.-c. welding is easily per¬ 
formed in these positions but alternate 
half-cycles of a.-c. welding would be un¬ 
satisfactory. This restriction has im¬ 
peded the progress of the much simpler 
a.-c. welding for some fifteen years. 
Good reverse-polarity (electrode positive), 
all-position, d.-c. electrodes have been 
available for years. The secrets of the 
prerequisite coating for all-position, a.-c. 
welding began to unfold some two years 
ago. 

The coating of an a.-c. welding electrode 
must provide a number of factors, indis¬ 
pensable to a satisfactory weld. Protec¬ 
tion from atmospheric gases, scanty slag, 
no slag interference with the arc, ade-. 
quate drive and penetration without un¬ 
due spatter loss, are some of the factors 
dependent upon a proper coating. 

In addition, two factors of great im¬ 
portance in a.-c. welding are arc stabiliz¬ 
ing and "arc pacifying.” When the cur¬ 
rent goes through current zero, the arc is 
extinguished and the coating must pro¬ 
vide an enveloping atmosphere of highly 
ionized gas so that the arc will restrike 
for the succeeding half cycle. Also, as¬ 
suming the current during the first half 
cycle has been flowing in the reverse-po¬ 
larity direction (the direction in which 
high-organic coatings operate best), the 
correct amount of "arc pacifier” must be 
provided for the next half cycle to pre¬ 
vent excessive spatter loss, at the same 
time avoiding loss of drive and penetra¬ 
tion. 

The availability of an electrode capable 
of producing welds in overhead and verti¬ 
cal positions, having the high ductility and 
freedom from porosity necessary to meet 
the most rigid code requirements, has 
further accelerated the use of a.-c. welding. 



Including an Arc Pacifier That Prevents Excessive Spatter Loss During the Negative 
HaU Cycles and an Arc Stabilizer to Aid in Re-establishing the Arc After Each Current 
Zero, a New A.-C. All-Position Welding Electrode Now Makes Possible Overhead 
and Vertical Welding Such as This 
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Another example 
of how Bronze Welding is help¬ 
ing keep vital production tools in 
action, is this punch press used in 
producing bomb parts. 

Repairs to the cracked frame had to be 
strong and dependable ... unH tnetde with mini¬ 
mum delay. So the Wayne Welding Supply Com¬ 
pany, Inc of Fort Wayne, Indiana used Tobin 
Bronze*. A total of 60 pounds of V^-inch rod was 
required . . . and the work was completed . . . 
preparation, preheating, welding and finishing 
... in only 22V4 hours. 

"Don’t scrap it... Bronze weld it,” is a slogan 
worth remembering. How to put it to work in 
your shop forms part of the practical information 
presented in Publication B-13. This publication 
also gives detailed information on the complete 
line of Anaconda Welding Rods. Write for your 
copy today. 

• Reg. U. S. Pkt. Off. 


What's YOUR experience 

with BRONZE WELDING? 

Tell us what you've accomplished with Bronze Weld¬ 
ing in the woy of repairs, building up of worn sur¬ 
faces, production operations, etc. We'll gladly pub¬ 
licize items of general interest for the benefit of all. 


THE AMERICAN BRASS COMPANY 

General Offices: Waterbary 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 
/« Canada: Anaconda American Brass Ltd., Nw Toronto, Ont. 


Busy on Bomb Parts, 
Fractured... 




Keep Faith With Your Fighters and Yeurselfl Buy War Bends 

c^utemYd 
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Enlarging Storage Tanka 


The design of the new KH'2 Magnaflux 
unit is based on both practical experience 
and extensive laboratory research. Mini¬ 
mum size, weight and maintenance with ex¬ 
treme durability are featured. It furnishes 
half-wave, single-phase, rectified output 
for d.-c. magnetization and also hi^- 
amperage, low-voltage a. c. for both mag¬ 
netization and demagnetization. It is ex¬ 
tremely versatile and requires no auxiliary 
equipment except the Magnaflux Powder 
Blower. 

Additional information and compli¬ 
mentary copy of the article “Routine 
Inspection and Salvage of Machinery 
Wddments...” by James W. Owens may 
be obtained by writing to Magnaflux 
Corp., 5900 Northwest Highway, Chicago 
31. ni. 


ENLARGING STORAGE TANKS 

A new method by which liquid storage 
tanks may for the first time be enlarged 
to as much as twice initial size without dis¬ 
mantling the original structure has been 
developed by the Stacey Bros. Gas Con¬ 
struction Co., Cincinnati, one of the 
Dresser Industries. 

The old tank is literally boosted to new 
capacity height, as new rings are added at 
the base by a patented process which 
makes use of virtually all of the original 
structure in assembled form. Such re-use, 
along with the utilization of the original 
foundation and the minimum dislocation of 
connections, contributes much to the 
economy of the process as well as to the 
speed with which a job may be completed. 

Providing for the first time an alterna¬ 
tive to new tank construction to increase 
storage capacity, the Stacey Bros, method 
will be particularly useful where facilities 
are crowded and there is room only for 
expansion upward. 

As much as 100% additional capacity 
may be added by Stacey men, who cut the 
fTigting tank shell at the base, add new 
radial plates and build a new shell around 
the old structure to give the derired height- 
Water is then run into the tank up to the 
new shell level, so that compressed air 
may be introduced to float the old cover 
sh^ up to the new level. Various con¬ 
trols hold the tank steady and level to 
'/ii in., while 4-in. filler plates are inserted 
between the sheUs, and the two units are 
tack welded in place. 

When air pressure is released, and the 
water drained from the tank, the two shell 
sections and fillers are completely seal 
welded on the outside. Inside, the old 
shell is trimmed and welded at intervals 
around its circumference, and the en¬ 
larged tank is ready for connections and 
service. 

Originally developed to obtain better 
buoyancy control of petroleum storage 
tanlm in areas subject to flood, the new 
method can be used to build up tanks hav¬ 
ing either umbrella type roofs, or roofs 
supported by center columns. The in¬ 
herent economies of this method are ex¬ 
pected to be of widespread significance in 
the busy dasv ahead. 


MAGNAFLUX INSPECTION 

A new unit for magnetic particle in¬ 
spection, known as the KH'2 unit, has 
just been introduced by Magnaflux Corp. 
Of radically different electrical design this 
Magnaflux unit is particularly well suited 
for inspection of welds, castings, large 
forgings and machinery parts, and is 
recommended for general use in foundries, 
welding shops, oil refineries, shipyards, 
etc. 

This unit is unique in effectiveness. It 
permits detection of deeper subsurface 
discontinuities and enables one to dis¬ 
tinguish between laminations and segrega¬ 
tions in rolled plate. Welds designed with 
open roots can be inspected without inter¬ 
ference of nonrelevant indications. This 
unit may be used to locate shrinkage 
cracks, hot tears, blowholes, porosity, etc., 
in castings; therm^ cracks, lack of pene¬ 
tration and fusion, slag inclusions and 
other discontinuities in welds; laps, 
bursts, cold shuts, etc., in forgings; and 
fatigue cracks in machinery parts 


SAFETY CHART 

A new, invaluable reference chart for 
welders, which points out the proper 
shades of filter lenses to wear for dMerent 
types of welding operations, is announced 
by the American Optical Company. 
Copies of the chart can be secured free of 
charge by writing the concern direct at 
Southbridge, Mass. 

The new chart will help simplify and 
speed up the welder's work in addition to 
guarding his eyesight. For example, in 
oxyacetylene torch cutting and welding, 
the shades of filter lenses are classified 
according to whether the cutting or weld¬ 
ing is light, medium or heavy. 

Of great importance to the welder, the 
shades for electric welding are classified 
according to the different diameters of the 
welding rods; consideration has also been 
given to the use of carbon, helium and 
atomic hydrogen arcs. 

Wherever possible, a choice of shades is 
given because of each individtud’s varying 
sensitiveness to light. The chart is printed 
on substantial lightweight cardboard. 
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FOR HORIZONTAL 


FILLEt WELDS ON MILD STEEL 


ELECTRODES 


Used particularly in positioned production welding of a 
wide variety of plate assemblies—in shipyards for welding 
bulkheads, hatch girders, deep tank?, etc. ... in other 
industries for weld^ car frames, roll pipe welding and 
welded machinery. RACO 20 Electrodes may be used with 
equal success on direct or alternating current 

These electrodes meet the requirements of: 

A.W.S.—A.S.T.M. Sp«dficatioa A233^T. Typ# E-6020 
U. S. Navy Buxeau ^ Ships SiyoihcotioD 46^ (INT) 

Grade II, Oass 2 

Other RACO Mild Steel Electrodes; 

RACO 5—For d«ep groovas. A.W.S. E-6030 

RACO 7 -r All positkm, rev«rw polarity. A.W.S. E*6010 

RACO 8— General purpose, poor fit-up. A.W.S. E-6012 

RACO n -AU^ioBition, A.C. A.W.S. E-601I 

RACO 13— General purpose, light gouge. A.W.S. E-6013 


All RACO Electrodes 
must comply with the 
highest standards ot 
quality. Convince your¬ 
self — send for samples 
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SECTION ACTIVITIES 


BOSTON 

The Annual Meeting of the Boston Sec¬ 
tion was held on April 9th at the Engi¬ 
neer’s Club. C. E. Betz, Vice-President, 
Magnaflux Corp., Chicago, spoke on “The 
Place of Magnetic Particle Inspection in 
the Welding Field,” and Arthur N. Kug- 
ler. Applied Engineering Department, Air 
Reduction Sales Co., New York, spoke 
about *Electrodes,.Their Classification and 
Use.” 

The following officers were elected by 
ballot to serve for the year 1945-’46: 
Chairman —P. E. Kyle, Mass. Institute of 
Technology, Cambridge; Vice-Chairman — 
H. G. Austin, Lukenweld, Inc., BostAi; 
Sec.-Treas. —P. N. Rugg, Boston Edison 
Co., Boston; Trustee —L. F. Jackson, The 
Linde Air Products Co., Boston. Direc¬ 
tors (for 2 yr.)—G. A. Ross, General Elec¬ 
tric Co., L}mn; E. L. Sheerin, The Linde 
Air Products Co., Boston; H. H. Stahl, 
The Lincoln Electric Co., Boston. 

CHICAGO 

The April meeting of the Chicago Sec¬ 
tion was held on the 20th. B. L. Wise, of 
the Federal Machine and Welder Co., dis¬ 
cussed “Recent Resistance Welding De¬ 
velopments.” Pre-Meeting Movies “On 
the Air” and “Electronics at Work” were 
shown through the courtesy of the West- 
inghouse Electric Corp. 

CINCINNATI 

James K. Ross, Design Engineer, Cin¬ 
cinnati Milling Machine Co., gave a Dis¬ 
cussion of Welding Costs, at the April 24th 
meeting. Movies “Back to Normal” and 
“Air Battles, January 1st” were shown 
following the talk. 

CLEVELAND ' 

J. F. Wagner, Vice-President, The Bur- 
dett Oxygen Co., 3300 Lakeside Ave., 
Cleveland 14, Ohio, has been appointed 
Secretary-Treasurer of the Cleveland Sec¬ 
tion. 

COLUMBUS 

The May meeting of the Columbus Sec¬ 
tion was held on the llth. R. W. Holmes, 
Service Engineer for Curtiss-Wright spoke 
on Helldivers in action in the South Pacific 
Theatre of War. A Navy film “Aircraft 
Welding” was shown. 

DETROIT 

The speaker of the April 4th meeting 
was J. W. Cable, Sales Manager of the In¬ 
duction Heating Corp., New York City, 
who discussed induction heating and braz¬ 
ing. Mr. Cable was introduced by the 
honorary chairman, E. L. Kavanaugh, 


Senior Engineer, Power Sales Division 
of the Detroit-Edison Co. Mr. Kava- 
naugh advised the meeting of the Induc¬ 
tion and Dielectric Heating demonstra¬ 
tion sponsored by his company, to be 
held April 10th, llth and 12th. He gave 
a brief history of the development and use 
of induction heating before introducing the 
speaker. 

Mr. Cable described how induction heat¬ 
ing uses high-frequency electrical current 
to rapidly heat closely controlled areas to 
provide sufficient heat to melt various 
bonding materials from soft solders to cop¬ 
per. Slides and brazed specimens demon¬ 
strated accomplishments achieved, using 
this method of heating. A lively question 
and answer period followed Mr. Cable’s ex¬ 
cellent talk. 

The technicolor film “The Alcan High¬ 
way” presented by Lt. Col. W. H. Harvie 
of the U. S. Engineers Corps opened the 
meeting; 

A broad scale survey of wdding tech¬ 
nology was presented May 4th at the Sec¬ 
ond Annual Welding Conference of the 
Detroit Section, comprising an afternoon 
and an evening session. 

Three papers were offered in the after¬ 
noon program, which was under the tech¬ 
nical chairmanship of L. A. Danse, chair¬ 
man of General Motors Corp. metallurgi¬ 
cal committee. The first of these was a 
paper by G. O. Hoglund, welding engineer 
Aluminum Co. of America, on “Methods 
of Joining Aluminum.” Mr. Hoglund de¬ 
scribed the various classes of welding 
which could be utilized in specific situa¬ 
tions where aluminum was the metal to be 
joined, and described a number of new uses 
to which aluminum is being put. Charles 
H. Jennings, of Westinghouse Electric & 
Mfg. Co. Research Laboratory, spoke on 
“How to Control Welding Distortion.” 
One of the main points he brought out was 
that a definite welding procedure is neces¬ 
sary in all shop work even though full ad¬ 
vantages are taken of fixtures and pre¬ 
forming. He described distortion as an in¬ 
evitable result of cooling. 

The third paper of the afternoon was on 
“Resistance Welding Laboratories and In¬ 
struments,” presented by R. T. Gillette, 
welding engineer of General Electric Co. 
Mr. Gillette declared that a well-equipped 
laboratory must be prepared to make 
metallurgical studies', macro and micro 
photographs, X-rays and also X-ray testing 
to determine weld soundness. The labora¬ 
tory abo should have facilities for develop¬ 
ing data on preheating and pc^theating, 
together with equipment for physical, 
chemical and spectrographic testing. At 
the evening program the dinner speaker 
was C. M. Ripley, power engineer of Gen¬ 
eral Electric Co., who offered a nontechni¬ 
cal presentation of the broad sphere occu¬ 
pied by electricity, and the effects of its 


adaptability and low cost. Following din* 
ner, for which the toastmaster was Austin 
Grant, Detroit radio commentator, there 
was music and dancing. 

New officers for next year were an¬ 
nounced during the evening. George J. 
Friebel of Hamischfeger Corp. becomes 
chairman, A. H. Lewis of Sv^t Electric 
Co. b first vice-chairman; A. J. Last of 
Welding Sales & Engineering Co. is second 
vice-chairman; G. N. Sieger of S. M. S. 
Corp. is secretary-treasurer; and Edgar B. 
Brown of the American Brass Co., who 
served as chairman of the Second Annual 
Welding Conference of the Detroit Sec¬ 
tion, b assistant secretary-treasurer. 

INDIANA 

The April meeting of the Indiana Sec¬ 
tion was held at the Riley Hotel, Indian- 
apolb, April 27th. 

E. F. Holt, Research Engineer, P, R. 
Mallory & Co., inc., gave an interesting 
talk on “Comparison of CopRer Base Ma- 
teriab Used in Resbtance Welding.” 

A technicolor film, “The Magic Wand 
of Industry,” which was produced by the 
Lincoln Electric Co., and which was re¬ 
cently released by the Navy, was shown. 

KANSAS cnr 

H. W. Sharp, Metallurgbt of the Stoody 
Co., was the speaker at the April meeting. 
Hb subject was “Micro-Structure of Hard 
Facing Alloys." Heexplained theapplica- 
tion of hard facing alloys, the type ^d 
construction of rods available, and illus¬ 
trated by slides of micro photographs the 
structure of the deposited material. 

A sound film “What Makes the Battle” 
was presented. 

LEHIGH VALLEY 

The final meeting of the 1944-45 season 
was held on May 7th at the Hotel Bethle¬ 
hem, Bethlehem, Pa. After the dinner, the 
Eastman Kodak sound film on “Color 
Photography” was shown. 

The following officers were re-elected for 
nextseason: Chairman —J. W.Kenworthy, 
Mack Manufacturing Corp.; Vice-Chair¬ 
man —G. E. Doan, Lehigh University; 
Secy.-Treas .—Julius Naab, Ingersoll-Rand 
Co. Incoming Directors —H. O. Hill and 
Q. E. Charlesworth, Bethlehem Steel Co. 

The technical paper on “Steel Castings 
in Welded Construction” was prepared by 
C. W. Briggs of the Steel Founders Society 
of America and read by J. W. Juppenlatz 
of the Lebanon Steel Foundry. The paper 
did not dbcuss the controversial subject of 
castings versus welded constructiop but 
did discuss the repair and assembly of cast¬ 
ings by welding. 

After the technical program refresh¬ 
ments were served. 
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How I tipped Smitty off 
to the new Murex HTS 


S MITTY, our arC'weldiog $up«r, let 
out a roar that must have carried 
clear up to the Froot Office, waking 
op half our Brass Hats. 

"I'm the boy,” he squawked tragic* 
ally, "that everything happens to! 
Kindly look at that assembly, Miss 
IDavis.” 

I kindly looked at the assembly. It 
was a part he’d just welded. It bad 
cracked. 

"It's busted,” I said brightly. 

"You’re-right it’s busted!’) 

Smitty yelled, forgetting I’m just a 
lady welder, and not a night club babe 
who is used to such fascinating lan¬ 
guage* "And I’d like to bust the guy 
that thought this steel could be welded 
in the first place. Now what do I do?” 
"Being new around here,” 1 said 


We soR of detuned up Miss Davis. But 
Saiittr's problem was only too real: it 
involved Speedcase steel analyaog .20 
carbon, 1.29 manganese, .02 pbosphor- 
oos, .03 silicon and .29 sulphur. The 
new Mores HTS rod solved it for him— 
and is solving lots of other arc-welding 
problems under conditioos mendoned 
in italics above. 


1945 


calmly, "I wouldn’t know. But I can 
tell you what the arC'welding super 
I used to work for did whenever he 
got in a jam. He put in a hurry call to 
Metal & Thermit, who make about 
thirty electrodes they call Murex, and 
a Murex man would come on the run 
with the answer.” 

Smitty began to flare up, the way 
men usually do when they ask your 
advice and you give it. But one more 
look at the cracked welds cooled him 
off. He called Metal & Thermit. 

The Murex man was out the next 
day with something he called the new 
Murex HTS or High Tensile Steel 
rod. In a jiffy he hadon welding gloves 


and a helmet and was making welds 
without cracks or porosity. 

"This new Murex HTS,” I heard 
him tell Smitty, "was designed to fill a 
derate need. Because of its moderate 
penetration and low pick-up of alloys it 
is an {deal rod for me on many hard-to- 
weld steels, particularly those of the high 
carbon and high sulphur types. And ifs 
an all position rod that can be used on 
lots of fobs where we used to have to weld 
with stainless steel. ” 

The upshot was that Smitty ordered 
3000 pounds of the new Murex HTS 
on the spot. And when I left for the 
day, he and the Murex man still had 
their heads together over the new 
Murex Wall Chart, which gives all 
the data on Murex’s thirty-odd elec¬ 
trodes. I advise you to write for one 
to tack up in your department. And to 
save a lot of excitement and agony 
when some new arc-welding problem 
comes up, tip your boss off to call or 
drop a line to: 


METAL A THERMIT CORPORATION 

J20 BROADWAY, NEW YORK 5, N. Y. 

ALBANY • CHICAGO • PITTSBURGH • SO. SAN FRANCISCO • TORONTO 



MUREX 
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LOS ANGELES 

April Dinner meeting of the Los Angeles 
Section was held April 19th, at Scully’s 
Restaurant. Pre-dinner showing wzs 
made of the British produced short "Air 
Battle." 

The speaker, C. C. Pendrell, District 
Manager, Haynes-Stellite Co. presented a 
paper titled "Welding Structures of Hastel- 
ioyAllo}rs." This paper consisted of a com¬ 
pilation of the nation's manufactmer’s ex¬ 
periences in Hastelloy fabrication. Slides 
clearly illustrated the various steps in and 
methods of construction with sketches and 
photographs. C. G. Chisholm, Chemical 
Engineer of Haynes-Stellite Co. took over 
the discussion and gave "all the answers" 
including a "ringside" accotmt of the de¬ 
velopment and application of Hastelloy in 
the 100 Octane program. 

Sectioned specimens were presented for 
personal examination by each of the group. 

Preview showing for the West Coast was 
made of the film "Magic Wand of Indus¬ 
try—Arc Welding.” This film produced 
by Lincoln Electric Co. was acclaimed a 
natural for selling arc welding to the lay¬ 
man. 

Concluding feature on the program was 
reshowing of film "Air Battle." 

LOUISVILLE 

April dinner meeting, the "grand- 
finale" of the current seasonal activities 
was held Tuesday, April 24, 1945, with a 
dinner meeting attended by 160 members 
and guests with a very popular subject 
"The Welding of Aluminum" being pre¬ 
sented by Alcoa’s G. O. Hoglund. A 
"sound" motion picture "How to Do It" 
together with lantern slides plus the knowl- 
edge'and personable Mr. Hoglund’s inter¬ 
pretation of the subject really put the final 
touch to the aforesaid "grand-finale." 

Our "dinner-toaster" Bruce Dudley, 
President of the Loxiisville Baseball Club 
of the American Association, entertained 
with an analysis of the "Colonels" and 
their individual characteristics which left 
no doubt in the audience’s mind that 
Louisville has won the pennant—at least 
on paper— and all we need to do now is 
to follow through. 

The invited guests seated at the execu¬ 
tives’ table of nine were: Colonel Kelley 
Lewis of the Indiana Ordnance Works, Lt. 
George C. Watt, Jeffersonville Boat & Ma¬ 
chine Co., and Dr. G. C. Williams, Univer¬ 
sity of Louisville. 

R. E. Fritsch, our veteran Master of 
Ceremonies had on display the extraordi¬ 
nary paintings of "Twelve War Subjects” 
by James Sessions which have been recog¬ 
nized by the Metropolitan Museum of Art, 
also the Chicago Art Institute. Rudy be¬ 
ing President of Tube Turns, Inc., the own¬ 
ers, the Display was allowed by special 
arrangements. Each guest was presented 
with a "Calendar-ized" copy of each 

p ainting . 

Theodore H. Lewis, Chairman pre¬ 
sented to Mr.*Hogluttd (Alcoa) "A certifi¬ 
cate of appreciation" appropriately framed 
for wall decoration. G. W. Plinke also re¬ 
ceived an award for his composition en¬ 
titled "A Tribute to the American Welding 
Society.” 

see 


MARYLAND 

At the March Meeting, A. C. Earlbeck, 
Welding Technician, presented the paper, 
"The Future of the Welding Operator in 
the Baltimore Area." Mr. Earlbeck cited 
the possibilities in further designing for 
weldmg and the need<for continued educa¬ 
tional effort along these lines. The de¬ 
mand for operators hinges upon this ex¬ 
pansion of the welding art. The need for 
competent job shop'Operators in the vari¬ 
ous communities, will, no doubt, increase. 

The discussion brought out the fact that 
many of the war-job trained people are 
now returning to their home towns to open 
shops of all kinds. It was interesting to 
note the opinion that many of these people 
will return to farms and maintain their own 
welding facilities where possible. 

At our April Meeting, Lt. L. B. Sykes, 
U.S.N.R., Bureau of Ships, Research and 
Standards Section, presented a paper, 
"Some Metallurgies Factors Which In¬ 
fluence the Weldability of Steel." Lt. 
Sykes' paper was, in a sense, a critique on 
the efforts of manufacturers of equipment, 
rods, and upon the nature of tests to prove 
their adequacy for the wdding job. 

J. C. Cumberland, our Chairman, was 
not present, as he was undergoing a minor 
operation in the hospital. 

Two of the General Electric Co.’s films, 
"Excursions in Science" were shown for 
educational entertainment. 


MILWAUKEE 

Leon C. Bibber, Welding Engineer, 
Camegie-IlUnois Steel Corp., Pittsburgh. 
Pa., presented the welding address on "A 
Study of the Longitudinal Tensile Proper¬ 
ties of Large Specimens Simulating Ship 
Construction," at the April 27th meeting. 


NEW JERSEY 

Charles Kandel of Craftsweld Equip¬ 
ment Corp., and Charles Cooper of Metal 
& Thermit Corp., were the guest speakers 
at the April 17^ meeting. Their sub¬ 
jects were on Underwater Welding and 
Cutting in Salvage and Industrial Opera¬ 
tions. Demonstration models of diving 
gear gas cutting torches and arc-oxygen 
electrode holder added to the interest of 
the papers. A film "Bombing of Pearl 
Harbor" was also shown. One hundred 
forty-two members and guests were pres¬ 
ent. 


NORTHERN NEW YORK 

George N. Sieger, President of S-M-S 
Corp., Detroit, spoke on Resistance Weld¬ 
ing, at the April 26th meeting of this Sec¬ 
tion. 


OKLAHOMA CITY 

April meeting held on the 19th was ad¬ 
dressed by H. W. Sharp, Metallurgist of 
Stoody Co., Whittier, Calif. Mr. Sharp’s 
address "Micro-Structure of Hard-Facing 
Alloys" was completely illustrated with 
slides and actual specimens. 
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PEARL HARBOR 

The newly formed Pearl Harbor Section 
has announced the election of the fol¬ 
lowing officers: Chairman —Howard J. 
Sbanley, Vice-Chairman —Norman J. 
Woods, Secy.-Treas. —David E. Woodlmg, 
Jr. Past-Chairman —Roncisco H. Davis. 
Directors —Joseph Waldman, Armand J. 
Champagne and Stanley Jurezynski. 

Since the above election Mr. Woodllng, 
the Secretary-Treasurer, has been trans¬ 
ferred and Donald B. Towler of Hono¬ 
lulu, Hawaii, has been appointed as Act¬ 
ing Secretary-Treasurer. 

PHILADELPHiA 

RegtUar meeting held on April 16th. 
Professor J. T. Norton of Massachusetts 
Institute of Technology, si>oke on "Re¬ 
sidual Stresses in Welds." 

The following are the members of the 
Philadelphia Executive Committee for 
1945-46: Chairman —Arthur A. Holz- 
bauer. Sun Shipbldg. fk D.D. Co., Chester; 
Vice-Chairman —Harold B. Seydel, Air 
Reduction Sedes Co., Philadelphia; Treas¬ 
urer —^William F. Carson, Carson & Carson 
Philadelphia;' Secretary —K. W. Ostrom, 
Arcos Corp., Philaddphia; Jr. Past 
Chairman —George R. Johnson, The Lin¬ 
coln Electric Co. Term Expires 194$: 
T. M. Jackson, W. S. Wagner. Term Ex¬ 
pires 1947: H. J. Irrgang, I. C. Frederick. 
Term Expires 1948: Harry W. Pierce, A. 
B. Gordon, O. J. Pearre. 

PITTSBURGH 

Nearly 100 members and guests at¬ 
tended the March 21st meeting of the 
Pittsburgh Section and heard William 
Watts, Research Metallurgist, Falk Corp., 
Milwaukee, discuss "Steel Castings, Their 
Use in Weldments.” 

Mr. Watts discussed the engineering and 
metallurgical properties of cast sfeel suit¬ 
able for welding; the factors of design and 
specifications required to insure satis¬ 
factory castings for welding, and the 
economies of steel castings for weldments, 
including tjrplcal examples. 

It was shown that cast steel has identical 
physical metallurgical and welding proper¬ 
ties as those of rolled and forged steels of 
similar composition. With proper atten¬ 
tion to design, sound castings can be se¬ 
cured which can materially aid in reduc¬ 
ing the production time and costs of weld¬ 
ments. Numerous examples of the effec¬ 
tive use of steel castings in industrial 
applications were illustrated by slides. 

PUGET SOUND 

The following officers were elected for 
the coming year at the April 25th meeting 
of the Puget Sound Section; Chairman — 
Prof. Gilbert S. Schaller, Vice-Chairman — 
Floyd Mathews, Secy.-Treas. —Robert E. 
Russell. Executive Board (1-yr. term)— 
George Tepley, Jack Ward, Grorge Brett; 
(2-yr. term)—-I. C Bradway, Carlos Flohr, 
H. O. Van Slyke. 

The meeting was preceded by the usual 
question box discussion with Joe Holt 
presiding. 

JUNE 

by Google 







The first electrode of a new type, or a definite im¬ 
provement of an old one, is always hard to make. 

Once the perfection of the "sample” is established, 
the ability to turn out millions of duplicates belies the 
difficulties overcome in the creation of that first satis¬ 
factory new one. Months, sometimes years, of research 
and experiment are necessary in our own laboratories 
and through our Fellowship at the Mellon Institute, to 
achieve the exact combination of physical properties, 
operating characteristics and standards of performance 
required of each new McKAY Electrode. 

Thereafter, all others of the adopted type, are copies 
of the original. 

That-these "copies” may be faithful reproductions, 
McKAY assures uniform production by careful anal¬ 
yses of core wire and coating ingredients, constant 
supervision, frequent checks of production samples 
and rigid inspection. 

So, from first to last .. . from research through pro¬ 
duction . . . McKAY mild, alloy and stainless steel 
electrodes are made to be better. Try them and see. 


Can you answer these questions 

about Welding of Stainless Steels ? 




TRUE 

FALSE 

1 1. Molybdenum is added to itainleis $leeU to 



increase their Koling retislonce at 
voted temperatures. 

ele- 

□ 

□ 

12. Not all stainless steels are classified 

by 

□ 

Q 

metallurgists as "austenitic." 


13. Stainless steel electrodes ore used 

on 



reverse polarity becouse they will 

not 

□ 

□ 

operate sotisfactorily on straight polarity. 


••nji ‘Cl 'Cl 'll 

Oi/tsfjons I to JO, inehsive, have appeared ir» preceding advertise- 
quesfioni w»i( appear next monfh. Wofch far t 


A limited number of these 
valuable booklets are still 
available for distribution. 
We shall be glad to send you 
a copy upon request. Ask 
for "Things to Know about 
Welding Stainless Steel." 
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The speaker for the evening was WtUiajn 
A. Snyder of the Engineering Dept, of the 
University of Washington, who gave one 
of the outstanding talks of the year in a 
discussion on the fundamentals of welded 
machine design. A very important part of 
his talk referred to the amount of dis¬ 
tortion and residual stress caused. 

SAINT LOUIS 

On April 13th, the St. Louis Section of 
the American Welding Society -held its 
regular monthly meeting at the Engineers’ 
Club of St. Louis, and our speaker for the 
evening was H. O. Westendarp, Jr., Elec¬ 
tric Welding Division, General Electric 
Co., Schenectady, N. Y. 

Mr. Westendarp's subject for the eve¬ 
ning was “The Selection of Welding Elec¬ 
trodes’’ and in presenting this subject, 
A.W.S. specifications on electrodes were 
discussed in considerable detail. The pur¬ 
pose of detail acquainted those in attend¬ 
ance with the significance of the specifica¬ 
tions, and pointed out how these specifica¬ 
tions serve as a guide in the selection of 
electrodes. A significant point which was 
brought out was that a welding operator 
who is reasonably familiar with the new 
A.W.S. specifications would not go very 
far off the track in selecting electrodes to 
meet the requirements of the various jobs. 
Considerable detail was given in describing 
the characteristics of electrodes falling 
into each class of the A.W.S. specifications, 
and that was the main intent of the talk. 

A premeeting movie was shown en¬ 
titled "The Story of A.-C. Welding,” 
which film was produced and presented in 
technicolor sound by the General Electric 
Co. 

There was a short business session dur¬ 
ing which time a nominating committee 
was elected from the floor for the purpose 
of selecting a roster of nominees for elec¬ 
tion to the e.\ecutive offices of the Section. 

'The attendance was approximately 250, 
and at the conclusion of the meeting, re¬ 
freshments were served in the Club Recrea¬ 
tion Room. 

SAN FRANCISCO 

The principal speaker at the March 


26th meeting, was LaMotte Grover, Weld¬ 
ing Engineer for Air Reduction Sales Co., 
New York. Mr. Grover spoke on “Design 
and Construction of Arc-Welded Steel 
Structures,” illustrating his talk with a 
number of very interesting slides. Some 
of these illustrated t 3 rpical layouts for 
welding structures, su^ as bridges- and 
building structures and, furthermore, illus¬ 
trated some structures which had been 
thus erected. Other slides illustrated 
proper and improper sequences as used in 
ship construction. 'This talk evoked a 
considerable amount of interesting discus¬ 
sion. 

A surprise speaker was A. G. Bissell, 
Principal Materials Engineer for the U. S. 
Navy Bureau of Ships. Mr. Bissell spoke 
very briefly on the "Welding Engineer.” 

Following the speakers, a motion pic¬ 
ture, "Arc Welding Stainless Steel,” pre¬ 
pared and provided by the Allegheny- 
Ludlum Steel Co., was presented. 

WASHINGTON, D. C. 

The Washington Section held its annual 
dinner and final meeting of the 1944—45 
season on Tuesday. April 24th, at the 
Hotel 2400. A cocktail hour, generously 
sponsored by local representatives of in¬ 
dustry, preceded the dinner, which was 
interrupted at strategic intervals by re¬ 
tiring chairman C. E. Jackson, who en¬ 
tertained the 106 guests from his reper¬ 
toire of magic. 

The organizer of'the Section and first 
Chairman, A. G. Bissell of the Navy De¬ 
partment, presented “Jack” with the re¬ 
tiring chairman’s pin. He then installed 
the new officers for the coming year, who 
are as follows: Chairman —S. W. Trainer, 
Harnischfeger Corp.; Vice-Chairman —G. 
G. Luther, Naval Research La,boratory; 
Secretary —A. Piltch, Naval Gun Factory; 
Treasurer —R. F. Wood, Washington 
Technical Services. Executive Committee — 
New Appointees: G. Hodge, G. B. Grable, 
J. O. Mack, W. M. Wilkerson. Other 
Members of the Executive Committee: C. E. 
Jackson, H. L. Ingram, R. H. Davies, A. 
G. Bissell, T. E. Haim^, R. S. Stover, J. 
C. Ritter, L. H. Fawcett. 

Miss M. M. Kelly, National Secretary, 
was special guest of the Section and she 


spoke briefly of the growth of the Society 
and the interest of national headquarters 
in section affairs. 

Ted B. Jefferson, Editor of The Welding 
Engineer, was the principal speaker of the 
evening. Mr. Jefferson discussed “Weld¬ 
ing ip the Postwar World.” His material 
was well selected and left no doubts as to 
the futiu'e security of the field of welding. 

The meeting closed with a lively ques¬ 
tion and answer period which was handled 
by the speaker. 

WESTERN MICHIGAN 

April meeting held on the 30th was ad¬ 
dressed by E. B. Brown, Development 
Engineer of the American Brass Co., De¬ 
troit, Mich., on “Welding of Copper and 
Copper Alloys.” Mr. Brown did a very 
fine job with his subject and held the inter¬ 
est of a sizable audience. The colored 
movie "Copper Goes to War” was a beauti¬ 
ful thing and is recommended to any audi¬ 
ence of a welding nature. 

WiemTA 

The April meeting of the Wichita Sec¬ 
tion was held on the 18th. H. W. Sharp. 
Metallurgist, Stoody Co., Whittier, Calif., 
spoke on “Microstructures of Hard Pacing 
Alloys.” Mr. Sharp’s talk was illustrated 
by interesting slides. A very active ques¬ 
tion and answer period followed. 

Through the courtesy of the Army Air 
Forces, a sound film “Birth of the B-29” 
was shown. 

YORK-CENTRAL PENNA. 

An Annual Meeting and Dinner was 
held on April 11th. A delicious dinner in 
addition to the General Electric House of 
Magic were the features. 'This meeting 
was designated as Ladies Night. 

YOUNGSTOWN 

R. B. Lincoln of Pittsburgh Testing 
Labs, addressed the April 19th meeting on 
"Metallurgy for Welders.” Sixty-five 
members and guests were present. 


DISTRICTS AND SECTIONS—American Welding Society 

(Vice-Presidents, Chdrmen, Secretories end Regular Meeting Dates) 


^I—NEW YORK AND NEW ENGLAND 

F. C. Fyke, Vice-President, c/o Stand¬ 
ard Oil Development Co., Elizabeth. 
N.J. 

BOSTON 2nd Mon. 

cnAisiiAN—P rof. P. E. Kvlr. Mass. Inst, of 
Technology, Cambridge, Mass. 

SBCRBTARV —P. N. Ruco, 22 Eastern Ave., 
Wakefield. Mass. 

BRIDGEPORT 

CMAIRWAN —M. B. Gillila.vu, 4883 N. Main 
St., Stratford, Conn. 

BBCRBTARV— -C. PARKS, The Bullard Co., 286 
Canfield Ave., Bridgeport 2, Conn. 


HARTFORD 

CHAIRMAN — J. W. Mortimer, The Whitelock 
Mfg. Co., P. O. Drawer 390, Hartford, CoQn. 

SBCRBTARV—R. H. Florian, Trumbull Electric 
Mfg. Co., Plainville, Conn. 

NEW JERSEY 3rd Tum. 

CHAIRMAN—G. W. Nigh, Tidewater Associated 
Oil Co., Bayonne. N. J. 

SBCRBTARV —P. N. Mattern, Wilson Welder & 
Metals Co., 60 E. 42ad St., New York 17. 
N. Y. 

NEW YORK 2nd Tum. 

CHAIRMAN—H. O. Klinkb, Air Reduction 
Sales Co., 181 Pacific Ave., Jersey City, N. J. 

SBCRBTARV —G. SvKBS, The Ltnde Air Products 
Co-. 30 E. 42nd St., New York 17, N. Y. 


NORTHERN NEW YORK LMt Thura. 

CHAIRMAN—H. S. Swan, American Locomotiv 
Co.. Nott St., 8 Story Bldg., Schenectady, 
N. Y. 

. SBCRHTARV—R. S. PstTON, General Electric 
Co.. Schenectady. N. Y. 

PORTLAND. ME. 

CHAIRMAN—Robert MacGrboor, 346 Wood¬ 
ford St., Portland, Me. 

SBCRBTARV—LEONARD W. COOPBR, PalmOUth 
Foreside, Town Landing, Portland, Me. 

ROCHESTER let Thura. 

CHAIRMAN —P. A. EcKLUND, 36 Hafgrave St., 
Rochester, N. Y. 

SBCRBTARV —E. R. JoNBS, Allen Iron & Welding 
Wks., 133 Murray St-, Rochester 6, N. Y. 
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WITH WSR (WELDING SERVICE RANGE) FROM 60 TO 375 AMPERES 


Built in response to popular demand, this new 
machine incorporates all the advantages oi 
P6iH's imique Square-Frome design. Here's 
simple construction, with but two major ports 
. . . parallel operation, (with dual mounting 
of machines you can handle higher amperage 
needs) . . . single control for any desired weld¬ 
ing heat... “Visi-matic" calibration which en¬ 
ables you to select, instantly, the right current 
for each of the three classes of electrodes— 
high, Medium, or low voltage. 


Now — these added features: 

• POLARITY REVERSINO SWITCH 

• REMOVASLE STATOR—for easier iaspeefioa 
aad serviciig 

• CONTACT OVERLOAD PROTECTION 

• MAONETIC STARTER—with low voltage ond 
overload preteetloa 

• WEATHER-PROOF CONSTRUCTION 

P & H's Square Frame de^gn—^proved by over 70 million 
production hours—assures you of reliable operation for 
many years to come. And WSR (Welding Service Range) 
ratings give you the actual usc^le welding current the 
machine will deliver from minimum to maximum. 

Write for your copy of BuUetiu W-59. 


General Offices; 4551 W. National Ave., Milwaukee 14, Wis. 


A COMPLETE ARC WELDING SERVICE 


ri)QQ0O| 


AC WELDERS 


WELDING 

ELECTRODES 


WELDING 

POSITIONERS 


WELDING PRODUCTION ELECTRIC 
CONTROL SYSTEMS HOISTS 


Iharivisc 


ARC 

WELDERS 
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SYRACUSE 2ndThu«. 

C«Ti«r Corp., 302 S. 
Geddet St., Sjmiciiae, N. Y. 

SBCIBT^—J. HOTCKEIM, 1690 WcstnOT*- 
l«ad Avc., Srraciiac 10, N. V. 

WE B TE MM MASSACHUSETTS ImiMm 

CKAiKHAM—'Eim. Stoltb, WcvtissbooM Blec 
Corp., 663 P«<c Blvd., Sprinrfi^ 2, Mm«. 

B. J, PK.n»*, WcrtiMboiiM 
Blcc. Corp., 663 Page Blvd., 2 

Mom. 

WBSTERIf NEW YORK Srd Fri 

CKAtBMAJf—J. COUUM*, I. D. CotuifU ft SoU 
Boticr Wkt., 667 Tifft BuffiJo, N. Y 

*«“ HeoUr ft Mfg. 
Co., 1407 W««t Ave., Buffolo, N. Y. 

^MIDDLE EASTERN 

H. W. Lawson, Vice-President, c/o 
Ingalls Iron Works, 1 E. 42nd St 
New York 17, N. Y. 

liEHIOH VALLEY 

J- W. KsmToarav, 113 N. lltb 
St., Alleatowo, Fa. • 

■BCBBTaav— Julios Naab, IngenoU-Raad 
Co..Pbmipsburf.N. J. 

MARYLAND 3rd Frl., osoopt April 

CBAniHAN—W. H. Sbatkow. 3306 B&or 
Road. Baltimore, Md. 

BBCIBTABY—R. PiTtOBBALO,* Consolidated 
Gas Elect. Light ft Power Co., Westport, 8U., 
Klomaa St. Baltimore 30. Md. 
PHILADELPHIA 3rd Men. 

caAiBMAJi—A. A. Rolssausk, Sun Ship¬ 
building ft Drydock Co., Chester, Pa. 
sacBBTABY—K. W. OsTKOH, 213 Glco Gary 
Dr., West gate Hills, Upper Darby, P. O., Pa. 
TIDEWATER 

CBAtaMAN—C. O. Bakham, 1601 Lansing Ave., 
Portsmouth, Va. 

SBCaBTAJtv—B. C. Rowau., 118 Oregon Ave., 
Portsmouth. Va. 

WASHINGTON, D. C. 2nd Tuoa 

c^iaMAii^ W. TBAiNsn, Hamisetafeger 
Corp., 1020 Vermont Ave., N. W., Wash¬ 
ington, D. C. 

sacBBTAnr—A. PiLnif, 1446 Otis Place, N. W . 
Washington 10, D. C. 

YORK-CENTRAL PA. 8nd Wod 

cBMUfAN—C. B. Lbwib Kbbchnbb, R. D. 1. 
Thomasvlllc. Pa. 

sbcbbtaby—Paul DBaaasL, Dressel Spring 
Works, 326 Prospect St., York, Pe. 

^(3—SOUTHERN 

F. E. McAtbb, Vice-President, c/o 
Chicago Bridge & Iron Co., P. O. 
Box 277, Birmingham, Ala. 

ATLANTA Irt Fri. 

SBCBITABY—J. V. TvaiiBB, Air Reduction 
Sales Co., 836 Spring St., N. W.. Atlanta. Ga. 

BIRMINGHAM let Thura 

CBAiaHAM—W. B. Bbownino. The Linde Air 
Products, 1001-18 S. 22nd St.. Birmingham. 
Ala. 

aacBiTABY—W. L. Pools, Air Reduction 
Sales Co., 2826 N. 20th Ave., Blrmlngbem. 
Ale. 

BRUNSWICK 

CRAIBMAM—W. A. PiBBBB, Js.. J. A. JonCS 
Const. Co., Brunswick, Oa. 

UCBBTAav—W. P. Bolbn, 1308 Dartmouth 
St., Brunswick, Ga. 

CHATTANOOGA lat Wad 

CBAiBHAN—JuariN Bbowm, Chattanooga 

Boiler Tenk Co., 1011 B. Mein St., Chatta¬ 
nooga, Tenn. 

SBCBBTABV—R. O. Wn,soN, 1329 Cheetnnt St., 
Chattanooga 2, Tenn. 

MOBILE 

CHAIBMAN—Rbynolo Alonso, Rt. 8, B(W 24. 

Stanton Rd., Mobile, Ala, 

•BCBBTABV—W. B. Kblly, 1661 Luling St.. 
Mobile, Ala. 

PASCAGOULA Neat to Laat Thuia. 

CBAiBUAN—W. B. Bowbn, The Ingalls Ship¬ 
building Corp., P. O. Box 149- Pascagoula, 
Miss. 

•BCBETABY—MtLTON PoBHAN, 1012 ChCTU- 
busco St., Pascagoula. Miss. 


#4--CENTRAL 

J. F. Mainb, Vice-President, 12003 
Scottwood Ave., Cleveland 8. Ohio 

CINCINNATX 

CHAtBBAj*—G. A. Jacoby, 1743 S. Oerexa Dr.. 
Hamilton, Ohio 

•BOBTABY— Wm. F. Pahmbr. Cincinnati 
^per Hill PUnt. R. R. I, Box 45A, 
Sbaronvtllc, Ohio 


CLEVELAND 


and Wod. 


< ” * "* * " —Roaa J. Yabbow. Republic Struck 
tural ^n Works. 1290 B. 53rd St.. Cleve¬ 
land, Ohio 

saemsBY—J. p. Waoxbb, A.W.S. 3300 Lake¬ 
side Ave., Clevdead 14, Ohio. 

COLUMBUS and Fri. 

L. P, Wood, Curtiss-Wright Corp., 
43CiO B. 6tb Ave., Columbus 16, Ohio 
SBOBTABY-^. S. Hbbbbn, The Seagreve 
Corp.g Colambua, Ohio 

DETROIT Prt 

G. J. PBtBBBL, 878 W. Oakridge. 
Pemdale, Mi^. 

aBOtBTABy— G. N. Sibobb, S-M-S Corp., 1166 
Harper Ave., Detroit 11. Mich. 

THE MAHONINO VAUEY 3rd Thure. 

CHAiBMAM—A. W. Waldo, Youngstown Weld- 
tawn cS$' Ave.. Youngs- 

SBCBBTABY—H. Ross Stbobbcbbr, Youngs- 
totrn Welding ft Bng. Co.. 8700 Oakland 
Ave., Youngstown. Ohio ^ 

PITTSBURGH Middle Wed. 

C HAiaMAH —G. O. HooLOitn, Aluminum Co* 
of America, New Kensington, Pa. 
sacBBTABY-j. F. Minmottb, Minnottc Bros. 

1201 House Bldg., Hays (7), Pittsburgh, 

TOLEDO 3^ Tuea. 

caAXBtfAM—B dwik Navxobb, Toledo steel 
Tube Co.. 2106 Smead Ave., Toledo 6, Ohio 
SBCBBTABY—Lloyd BaBS-ncKBS, 4234 Templer 
RosmI, Toledo 12, Ohio 

WESTERN MICHIGAN 
CBAIBXAN—W. J. Blbbookb. Ueveu-Busch 
Co., 601 Front, N. W., Grand Rapids, Mich. 
SBCBBTABV— R. D. Laynam, The Lincoln 
Electric Co., 200 Division Ave., N., Grand 
Rapids 2. Mich. 


^MID.WESTERN 

W. J. Brooking, Vice-President, c/o R. 
G. LeToumeau, Inc., Peoria, Ill. 

CHICAGO 3rd Fri. 

CBAIBHAN —C. L. Pbbxppib, 316Vi N. Menard 
Ave., Chicago, Ill. 

SBCBBTABY— T. B. Jbpbbbson, The Welding 
Engineer, 506 S. Webasta Ave., Chicago, 111. 

INDIANA 3rd Fri. 

CBAIBHAN —J. R. Wtar, Process Dept., Delco- 
Remy Div., General Motors Corp., Anderson 
Ind. 

SBCBBTABY-MbS. MBBCBOBS SpOTTS, P. R. 

Mallory Co., Indianapolis, Ind. 

LOUISVILLE hmt Tuaa. 

CBAIBHAN— T. H. Lbwis, Jeffersooville Boat ft 
Machine Co., Jeffersonville,, Indiana. 
SBCBBTABY —R. L. Hacbstbassbb, Joseph W. 
Greathouse Co., 630 River Rd., Louisville 2. 
Ky. 

MICHIANA 

CBAIBHAN —W. G. PA 88 NACBT, Bendix Prod 
Div., Bendix Aviation Corp., South Bend 
20, Ind. 

SBCBBTABY —G. C. HiLL, 1441 Cheater St.. 
South Bend 15. Ind. 

MILWAUKEE ImmI Fri. 

CBAtBHAN—C abl Malbbbbo, 666 BIm Sonne 
Ave., WeuwatOM. Wis. 

SBCBBTABY — Cbauncy Habt, Heil Co., 300 W. 
Montana St.. Milwaukee, Wis. 


NORTHWEST M Wsi 

®®*™/»-rLouia T. Kbnnv, Cenay B<xV 
8: Mfg. Co., St. Paul, Minn. 
SBCBBTABY—AlBZIS CaSWBU., h 
Assoc, of Minn., 200 Bulden 
Bldg., Minneapolis, Mins. 

PEORIA-CENTRAL tXiLDfOIS 
CHSTBBSN—Alpbbd A. Wald, 2910 
Rd., Peoria 4, Ill. 

SBCMBTABY—FBANBUN WATgrxa, 

Ave., Peoria, 111. 

#6—MU>-SOUTHERN 
M. A. Barrbtt, Vice-Pr 
Beech Aircraft Co^., Wichita 
KANSAS emr 

CBAIBMAN-«-DuABB DbBBUHNBB. .w. 

Steel Tank Co., 1609 W. 12th SL 
City, Mo. 

SBCBBTABY—A. C. Sldbs, Moore 
666 Westport Rd., City, 

OKLAHOMA CITY 
< ” * ”* * * *—SDoea, 1217 S. 

Oklahoma City. Okla. 

SSCBBTABT— J. M. MfDSBa. 100 B 
Oklahoma City 2, Okla. 

ST. LOUIS 

CBAIBHAN —W. S. Btans, 789 Glea> 
Glendale. Mo. 

SBCBBTABY -H. C. ClOSB, Ms_ 

Corp., 700 S. Spring Ave., St- Lo 

SOUTH TEXAS 3rd 

CBAIBHAN — B. C. Jacbson. Southe 
Lines. 324 Southern Paciffc Bldg.. 

Tex. 

SBCBBTABY- A. B. WULBB, HucbeS 

300 Hughes St., Houston, Te 

TULSA 

CBAIBHAN—JaBBS G. MCILKINBT. P. 

690, Tulse, Okla. 

SBCBBTABY—JaHBS B. DaVTS. TuISB 
Labs., Tulsa. Okla. 

WICHITA 

CBAIBHAN— B. A. Bussabo, Ths 
Lamp and Stove Co., 250 North SL 
Wichita 1, Kan. 

SBCBBTABY—AlVIB COYBBT. BoX 173, 
water, Kan. 

^—WESTERN 

F. A. Lonoo, Vice-President* 
Southern Pacific R. R. Co., 65 
St.. San Francisco 5, Calif. 

HAWAII 

CBAUHAN-GbOSGB GLOVBB, W. 

Ltd., Honolulu, T. H. 

SBCBBTABY- ALAN G. SUPFSB. Ks 

ProducU Co.. P. O. Box 2464. 

T. H. 

LOS ANOELES 

CBAIBHAN—ChABLBS A. BaBBITT. 

Pipe ft Steel Co., 6717 Santa Fe 
Angeles, Calif. 

SBCBBTABY —B. O. WiLUAHB. VtCtOT 
ment Co., 3821 Santa Pe Ave., Loo 
11. Calif. 

PEARL HARBOR 

CBAIBHAN - HOWABD J. SBANLBY. 61. 

SL, Naval Housing, Honolulu SO. T 

SBCBBTABY-DONALO B. TOWLBB, 

Kalani St., Honolulu, T. H 


PORTLAND. ORE. 

CBAIBHAN—Cabl Lodbll, 

K ais er Co. Inc., Vancouver, WashT 

SBCBBTABY-pAUL KDLLBBBO. Ind 

cialUea Co., 940 S. B. 7th Ave. 
Ore. 

PUGET SOUND 

CBAIBHAN-PbOB. G. S. ScBAULBB, 

at Washington, Seattle 5. Wash. 
SBCBBTABY—ROBBBT B. RUSSBL 
Supply, 7500 8tb S.. Seattle. 8, 


SAN FRANCISCO 

CBAIBHAN —C. P. Docobtt, Moore 
Co.. Ft. Adeline St., OBkland, 
SBCBBTABY—R. B. Labaob, Victor B 
Co.. 844 Folsom St., San Praneixeo, 











WHERE WELDS MUST BE RIGHT..Industry Depends Upon X-Ray 



Five years ago—to determine maximum seam efficiency of all 
tanks and pressure vessels of their manufacture—Graver 
Tank and Mfg. Co., Inc., selected a G-£ X-Ray 200 kv. Unit 
for weldment inspection. By this non-destructive method, 
imperfections are clearly revealed ... haxards resulting from 
seam failure are practically eliminated. 

Accompanying reproductions of radiographs typify infor¬ 
mation disclosed by Graver’s powerful G-£ X-Ray ’’candid 
camera.” Fig. 1 readily reveals inclusions in a portion of a 
welded seam—rejection is indicated. Another portion, 
illustrated in Fig. 2, is definitely proved free of defects and 
completely acceptable. 

After 5 years of continuous ' service—and using the same 
original tube—Graver reports their G-E X-Ray Unit as still 
operating with unimpaired efficiency. Countless other in¬ 
dustries utilizing G-E X-Ray equipment also attest to its 
characteristic durability. 

The G-E X-Ray industrial equipment line is complete— 
offers a power range of from 5,000 to 2,000,000 volts. 
No matter what your particular problem^ one of these com¬ 
pact, flexible, and shockproof units will doubtless provide 
the solution. Investigate the possible application of this 
modern tool of industry in your own field—let us tell you 
how x-ray can best serve you. For full information, write or 
wire today to Department N86. 



GENERAL ^ ELECTRIC X-RAY CORPORATION 


2012 JACKSON BOULEVARD 


CHICAGO (12), ILLINOIS, U. S. A. 
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List of New Members 

March 1945 

{Continued from May issue) 

YORK-CENTRAL PA. 

Bair,3. E., Sr. (C), R. D. 1, Bainbridf'e, 
Pa« 

Bair, L. (C), R. D. 1, Bainbridge. 
Pa. 

Baker, William H. (A), The J. E. Baker 
Co., 114 N. George St., York, Pa. 

Broden, E. R. (B). Blaw^Knox Co., York, 
Pa. 

Demmy, J<^H. (C), R. D. 1, Bainbridge, 
Pa. 

Hebbe, G. A. (C), The J. E. Baker Co., 
114 N. George St.. York, Pa. 

Leader, Walter L (C), Mt. Wolf, Pa. 

S4>e, N. B. (C), 30 N. Vernon St., York, 
Pa. 

YOXTNGSTOWN 

Beatty, Ray F. (C), 118 N. Cedar St., 
Niles, Ohio. 

Carter, Robert (C), Craig Beach, Lake 
Milton, Ohio. 

Crincic, laddie J. (C), 608 W. Princeton, 
Youngstown 7, Ohio. 

Cumiskey, (C), Youngstown Weld¬ 
ing & Eng. Co., 3700 Ctekwood Ave., 
Youngstown, Ohio. 

Featheringham, T. J. (B), Youngstown 
Welding & Engrg. Co., Youngstown, 
Ohio. 

Harria, Calvin Clyde (C), 830 Ohio Ave., 
Youngstown, Ohio. 

Har^, Jack C. (C), 4164 Belle Ave., 
Youngstown 0, Ohio. 

Helael, Clyde M. (C), Youngstown Weld¬ 
ing & Engrg. Co., 3700 Oakwood Ave., 
Youngstown, Ohio. 

Hillberry, Alfred D. (C), 2808 Fimley 
Ave., Youngstown 7, Ohio. 

Holmes, Fred W. (C), 1100 Hubbard Rd., 
Youngstown, Ohio. 

Homicide, Forrest (C), 920 Devon Ave., 
Youngstown, Ohio. 

Hripko, John S. (C), 4213 Rush Blvd., 
Yotmgstown 6, Ohio. 

Hripko, Stephen J. (C), 162 Millet Ave., 
Youngstown 9, Ohio. 

Hutch, Paul J. (C), 1039 Parkwood Ave., 
Youngstown, Ohio. 

Jeswald, Joseph (C), 41 N. Meridian Rd., 
Youngstown 9, Ohio. 

Jones, Frank Q. (C)k Youngstown Welding 
& Engrg. Co., 3700 Oakdale Ave., 
Yotmgstown, Ohio. 

Jones, Ralph M. (C), 444 Falls Ave., 
Youngstown, Ohio. 

Masson, Donald (B), 191 Kenmore S. E., 
Warren, Ohio. 

Means, Lloyd (C), 1318H Hillman, 
Youngstown, Ohio. 

Mentges, Frank (C), 511 Carroll St.. 
Youngstown, Ohio. 

McNeal, Lee (C), P. O. Box 52, Peters¬ 
burg, Ohio. 

Montgomery, William B. (C), 120 W. 
Dewey Ave., Youngstown, Ohio. 

Rehbogen, John (C), 3810 Frederick St., 
Youngstown 9, Ohio. 

Rostetter, John (C), Poland, Ohio. 

Salmen, Mike, Jr. (C), 156 Cleveland St., 
Youngstown, Ohio. 

Shank, John R., Jr. (C), North Jackson. 
Ohio. 

Spay, Andy (C), 768 Oxford Ave., Youngs¬ 
town, Ohio. 

WaddeU, Luther D. (C). 1034 Oakhill 
Ave., Youngstown 2, Ohio. 

Waters, Gflbert G. (C). R. D. 2, Colum¬ 
biana, Ohio. 

Williams, Norman L. (C), 171 Parkgate 
Ave., Youngstown 9, Ohio. 


Wlnterkamp, Frederick (B), Camegie- 
Illinois Steel Corp., McDonald Mills, 
McDonald, Ohio. 


NOT IN SECTIONS 

Barker, John Thos. (C), 63 Woodcot 
Ave., Baildon, Yorkshire, England. 
Burton, George M. (B), c/o National 
Cylinder Gas Co., Box 3038, Knoxville 
17, Tenn. 


Correa, Amaldo (C), 19 Rector St., c/ 
O. Philipp Co., New York, N, Y. 

Geddes, John (C), 74 Marlborough Avr 
Shor^Itch, London, E8, Bng^d. 

Harris, R^iiaald Geo. (C), Rose Vie 
WaU Hill Rd., Corley Nr. Coventr 
England. 

Spivey, Ralph Edw (C), USNCB, FF.( 
San Francisco, Calif. 

Womble, E. (B), I.ewis Supply Co., Dies 
Eng. Div., ^77 S. Main St., Memphi 
Tenn. 


Members Reclassified 


During Month of March 


BOSTON 

Anderson, Palmer (from D to C), 106 
Central St., Somerville 43, Mass. 

Chapin, Wm. C. (from D to C), 167 Pro¬ 
file Ave., Portsmouth, N. H. 

Rich, H. 0., Jr. (from D to C), 191 N. 

. Shore Rd., Revere, Mass. 

Williams, J<^ H. (from D to C), Lums- 
den & Van Stone Co., 426—1st St., 
S. Boston 27, Mass. 

DETROIT 

Cobb, Lee S. (from D to C), 1030 Reming¬ 
ton Ave., Flint 3, Mich. 

LOS ANGELES 

Barden, S. H. (from D to C), 822 Mon¬ 
terey Rd., S. Pasadena. Calif. 

Gray, Brajamin (from D to C), 846 K. 
80th St., Los Angeles 1, Calif . 

S.F.2/C Pauley, Wm. J. (from D to C), 
Barracks J, Navy 1^, c/o F.P.O. San 
Francisco, Calif. 

Schmidt, Wm. B. (from D to C), 042 New¬ 
port Ave., Long Beach 4, Calif. 

Staninger, Earl M. (from D to C), c/o 
Arabian Amer. Oil Co., A.P.O. 765, 
c/o P.M., New York, N. Y. 

MILWAUKEE 

Chandler, Roy D. (from D to C), 723 
Wisconsin Ave., Beloit, Wb. 

Hawthorne, Wm. Jr. (from D to C), 
2151 S. 85th St., W. Alib 14, Wb. 

NEW JERSEY 

Comandatore, Joseph (from C to B). 
Divbion Welding Co., 154 Broadway, 
Jersey City 6, N. J. 

NEW YORK 

Manzella, Jos^h (from D to C). 102-30 
Corona Ave., Corona, L. I., N. Y. 

NORTHERN NSW YORK 

Chernik, Joseph (from D to C), 21 Myn- 
derse St., Schenectady 7, N. Y. 

PHILADELPHIA 

Dulb, Edward (from D to C). U. S. Navy 
Yard, NAF, Bldg. 600, Philadelphia 12, 
Pa. 
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PITTSBURGH 

Pnnzo, Steve (from D'to C), Box > 
Rus^ton, Pa. 


ROCHESTER 

DeCaro, Paul (from D to C). 206 Atk) 
son St., Rochester 8, N. Y. 


SAN FRANCISCO 

Sti^iel, A. O. (from D to C), 3600 Lb< 
Ave., Oakland, Calif. 


SOUTH TEXAS | 

Croswell, A. M. (from C to B), Southwl 
Fab. & Welding Co.. 211^76 S 
Houston 11, Tex. 


TOLEDO 

Baron, J. L (horn D to C). Baron S' 
Co., w75 Detroit Ave., Toledo 12, 01 
Brad^w, Louis J. (from D to C). 

N. I St., Tacoma, Wash. 

Pulliam, Jesse H. (from D to C). P. 

Box 563,.Keyp<nt, Wash. 

Stamm, Ar^e C. (from D to C), 2 
Summit St., Toledo 11, Ohio. 


WESTERN MASS. 

(^towski, Walter A. (from D to 
Westfield Welding Co., 6 Clinton A 
Westfield, Mass. 


WESTERN NEW YORK 

Wiiitama, Floyd R. (from D to C),\ 
Shenandoah Rd.. Buffalo 20. N. Y. i 


NOT IN SECTIONS | 

Bergeson, Eric (from D to C), FI 
Mach. Wks., Platte, S. D. 

Berra, Albert (from D to C), Bm 
M etal Shop, 413 Dougla Ave., Evsl 
Miim. 

Carver, G. F. (from D to C). Looghi 
N. C. 

Hansel, Lee E. (from D to C), Han 
B(^y Service, Mount Holly, N. C. 
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"Straight Thinking Pays”.. 

LOOK, BMPEROR, how straight thinking with this new Lincoln Electrode 
can improve Arc Welding for greater justice to cost, output and quality 
in many applications: 



Easy Operation 


for Fillet Welds.,. 
All Positions 


*TLEETWELD 47” 


Lincoln announces a new member of the world-famous Lincoln 
“Fleetweld" family: 

“Fleetweld 47” is a shielded arc electrode for use with A.C. 
or D.C. Designed primarily for real ease of operation in all posi- 
tKms with excellent appearance and very easy slag removal. 
(Most welds practically self-cleaning.) Has extremely quiet arc 
and low spatter loss. Very smooth bead surface and good slag 
coverage. Operates especially well in flat, horizontal, vertical 
and overhead p>oeitions. Good control of shape of bead in large 
fillets in all positions. 

Conforms to A. W.S. ClassE-6012 and E-6013. Approved by 
American Bureau of Shipping. For welding A.S.M.E. U-69 
and U-70 pressure vessels under insurance requirements. 


Especially well suited for: 

1. Single pass horizontal fillets and 
single and multiple pass fillets in the 
vertical and overhead positions. 

2. Vertical, horizontal and overhead 
butts in plates over thick. 

PHYSICAL PROPERTIES 

(AS WELDED): Tensile strength— 
68,000 to 80,000 lbs. per sq. in. 

Yield point—55,000 to 62,000 lbs. per 
sq. in. 

Elongation in 2 inches—18% to 25%. 

Impact resistance—25 to 50 ft. lbs. Izod. 


(STRESS RELIEVED): 

Tensile strength—64,000 to 79,000 per 
sq. in. 

Yield point—48,000 to 60,000 lbs. per 
sq. in. 

Elongation in 2 inches—24% to 30%. 


Full details and procedure in the 
“Weldirectory,” Bui. 402, free on request. 


THE LINCOLN ELECTRIC COMPANY • DEPT. P-1 • CLEVELAND 1, OHIO 
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List of New Members 

April 1 to April 30, 1945 


BOSTON 

Corp, Clarence F. (B), Corp Brothers, 
28 Mason St., Providence, R. I. 
McCarthy, Harold F. (C). 56 Burbank St., 
Boston 15, Mass. 

Shaw, Richard L.' (C), 67 Orchard St., 
M^ford 55. Mass. 

BRIDGEPORT 

Grosberg, Harold (B), 46 Commodore PI., 
Milford, Conn. 


CANADA 

McMnUuA, Francia J. (B), Ontario Re¬ 
search Foundation, 43-^7 Queen's Park, 
Toronto, Ontario, Canada. 

Squire, A. J. (B), 4407 W. 15th Ave., 
Vancouver. B. C., Canada. 

CHATTANOOGA 

Thomas, C. L., Jr. (B), Ross-Meehah 
Fdr., IMl Carter, c/o Steel Plant, 
Chattanooga, Tenn. 


CHICAGO 

Andrle, James Henry (C), 116 W. Maple 
Ave.. Roselle. Ill. 

Greenlee, Fred W. (B), Metal & Thermit 
Co^., 151st St. & McCook Ave.. E. 
Chibigo, Ind. 

Wood, Kenneth A. (B). Metal & Thermit 
Corp., 7300 S. Chicago Ave., Chicago, 

m. 


CINCINNATI 

Burdett, R. W. (B), 5915 Red Bank Rd.. 
Cincinnati 27, Ohio. 

Kemp, C. Eugene (B), Hamilton Weld¬ 
ing^ Mfg. Co., 121 N. B St.. Hamilton, 
Ohio. 

Telford, George W. (C), 6882 Esther Lane, 
Madeira, Ohio. 

Schulte, William P. (C), RaUton Steel 
Car Co., 2001 E. Fourth Ave., Colum¬ 
bus, Ohio. 

Vonville, A. O. (C), Ralston Steel Car Co., 
2901 E. Fourth Ave., Columbus, Ohio. 


DETROIT 

Butler, Arthur R. (B). Welding Equip. A 
Supply Co., 223 Leib St., Detroit 7, 
Mich. 

Butler, Harry (B), Welding Equip. A 
Supply Co., 223 Leib St., Detroit 7. 
Mich. 

Chew, Lawrence (C). 1114 Fudd Ct.. 
Flint, Mich. 

Crampton, Carl (C), 2006 Kentucky Ave., 
Flint 6, Mich. 

Kessler, Frank E. (B). Welding Equip. A 
Supply Co., 223 Leib St., Detroit 7, 
Mich. 

Miltimore, Charles R. (B), Welding Equip. 
& Supply Co., 223 Leib St., Detroit 7, 
Mich. 

Scott, P. D. (B), Welding Equip. & 
Supply Co., 223 Leib St., Detroit 7, 
Mich. 

Zanolli, A. R. (B), Welding Equip. & 


Supply Co., 223 Leib St., Detroit 7, 
Mich. 

INDIANA 

Campbell, J. W. (C), 915 Washington 
Blvd., Anderson, Ind. 

Culbertson, Russell P. (C). 2217 N. 
Waugh St., Kokomo, Ind. 


LOS ANGELES 

Carroll, Andrew S. (C), 3105 Dorchester 
Ave., Los Angeles 32, Calif. 

De Van, Ralph W. (C). 3644 Wdlnnt St., 
Lynwood, Calif. 

Kennedy, Frank J. (C),332RedondoAve., 
Long Beach 4, Calif. 

Kuntz, Paul J. (C), Air Technical Service 
Command, Attn. Service Station, Inspt. 
Div., 3636 Beverly Blvd., Los Angeles, 
Calif. 

Muldoon, James J. (C), U. S. Maritime 
Commission Inspec. Office, c/o Cal- 
ship, Wilmington, Calif. 

Rash, Berl D. (C), 115 E. 61st, Los 
Angeles 3, Calif. 

Sorensen, Clark H. (C), 615 S. Marguerita 
Ave., Alhambra, Calif. 

Stewart, Darrel L. (C), 1736 W. 51st 
St., Lot Angeles 37, C^if. 

Whitmore, Glenn (C), 1415 Delta St., 
Rosemead, Calif. 


LOUISVILLE 

Adams, E. L. (C), Glyn Adams Welding 
Co., 216 S. Shelly, L^isville, Ky. 

Glyn, R. L. (C), 6S^ Cecil, L^isville 12, 
Ky. 

McLean, Chester (C), 707 Headly Ave., 
Lexin^on, Ky. 

MARYLAND 

Brewer, Harry S. (C), 5901 Arabia Ave., 
Baltimore 14, Md. 

Craig, John C. (C), 5701 Pope St., Brook¬ 
lyn 25, Md. 

Konopik, Frederick J. (C), 1602 Church 
SL. B^timore 26, Md. 


MICHIANA 

Howe, Ralph E. (C), 1001 Evergreen 
Lane. South Bend, Ind. 

NEW’jERSEY 

De Muth, Joseph, Jr. (C), Welding 
Supply Co., ^ Van Riper Ave., E. 
Paterson, N. J. 

Sexton, Daniel E. (C), 38 May- St., 
Newark, N. J. 


NEW YORK 

Batchler, Carl V. (B), 311 W. 21st St., 
New York. N. Y. 

Haydock, John (B), McGraw-Hill Pub¬ 
lishing Co., 330 W. 42nd St., New York 

■ 18. N. Y. 

Jonassen, Finn (B), War Metallurgy Com¬ 
mittee, 92 Liberty St., Rm. 1505, New 
Yorke.N.Y. 


Osterholz, John F. (B). 68-11 Fresh P 
Rd., Brooklyn 27, N. Y. 

Schifl, Leonard S. (F), c/o Trag 
Copper Wks., Inc., 5000 Grand A 
Maspeth, N. Y. 

Stiso, Michael (C), 2649 Decatur A 
Bronx, N. Y. 

NORTHWEST 

Lamey, Leo (C), 987 Bayless Ave., 
Paul 4, Minn. 

Harrison, Gordon (C), 1777 Prince 
St. Paul 5, Minn. 

Matteott, Everett L. (C). Y.M.C 
Duluth 2, Minn. 

Prestegaard, Paul G. (C), 138 Westv 
Dr., Tjrrol Hills, Mpls. 5, Minn. 

PASCAGOULA 

Bums, WUliam V. C), 1323 11th St, 
cagoula. Miss. 

Johnson, Walter C. (C), Ingalls Shtpl 
Corp., Pascagoula, Miss. 

McLau^ilin, Harry P. (B), c/o Ini 
Shipbldg. Co., Pascagoula, Miss. 

Montgomery, Warren J. (C). Box 1 
Eastiawn, Pascagoula. Miss. 

Pelan, W. D. (C), The Ingalls Ship! 
Coip., P.O. Box 149, Pascagoula, h 

Simmons, Benjamin (C), 358 Ha 
St., Pascagot^, Miss. 

PEARL HARBOR 

Hoopal, OUney K. (C), 834 Judd 
Route 44, Honolulu, T. H. 

PEORU 

Deemy, George A. (C). 400 Marg 
Peoria, Ill. 

Walker, Mark M. (C), 623 Sherman 
Peoria. lU. 

Warren, Lawrence W. (C), 431 S. I 
St., Decatur 22. Ill. 

PHILADELPHIA 

Fairless, Victor C. (B). c/o Susquehi 
Pipe Line Co., Honey Brook, R.F.1 
Pa. 

Hendrickson, Dan F. (C), 7214 / 
Brook Rd., Upper Darby, Psu 

Landesberg, Amojd L. (B). 6120 Wei 
St., Phil^elphia 43, Pa. 

Rush, David (B). Fly Wheel Wd 
SefVice, 1308 Poplar St., Philadd 
23. Pa. 

PITTSBURGH 

Crawford, William D. (B), Duqv 
Light Co. 435 Sixth Ave., Pitt^ 
19, Pa. 

Hanpin, Warren E. (C), Aluminum < 
New Kensington, Pa. 

PORTLAND, MB. 

Tibbitts, Erban (C), 35 St. Lawrenct 
Portland. Me. 

PORTLAND, ORE. 

De Vanlt, Herman (B), American Be 
of Shipping, 722 Bd. of Ttade E 
Portland, C^e. 

Reddaway, Millard E. (B), P.O. Boi 
Milwaiilde 2, Ore. 
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AN IMPROVED LINE OF TIMERS FOR 
RESISTANCE-WELDING MACHINES 




I 


I 



^ G-E Sequence and 
Sequence-weld Timers 


Offer You 

1. Greater flexibility 

2. Easier installation and servicing 

3. More accurate timing 


A credit to your plant, thii sequence-weld 
timer has been designed to meet the New 
American War Standards of Controls for 
PA<ictnn/*A W^IHIna Machines ICS2.4). 


mt tsMg Air-operated welders, 

»iD be interested in this corn- 
redesigned line of sequence 
•weld timers which provide 
It ind automatic timing of the 
welding cycle. It includes 
!di for all standard combinations 
*idi nitron contactors or syn- 
■a»pKcision timers arc used. 

dMife weldiiig seqvence easily 

control is constructed in such a 
Ait the timing control section can 
■wed in less than a minute—and 
m another machine. This feature 
ly desirable for assembly- 
&ding because a single spare unit 
ened to replace any one of a num- 
•f unilar timing control sections. 
ODQKquendy, servicing will not 
op production. 

^ *bea production-line require- 
^ change, timing control sections 


of dilferent types can be interchanged 
quickly without rewiring. 

Because the timing control section 
can be removed easily (making readily 
accessible the terminal boards and 
mounting holes), installation of the 
complete timer is greatly simplified. 

A new and more accurate timing circuit 

provides consistent welding speed as 
required for high production welding 
with short timing intervals, despite 
nominal variations in line voltage. 

Long tube life— The new G-E metal 
thyratron tube, installed in the timing 
circuit, will keep this control operating 
precisely for a long time. 

Remote operation -For the convenience 
of the operator in making adjustments, 
the timing-control station can be 
removed easily and mounted on the 
weldins machine or elsewhere. 


GENERAL (M ELECTRIC 


Built for Your Serviceman 

These redesigned controls have many 
additional features which simplify rou¬ 
tine inspection and servicing. Standard 
industrial-type relays, with which your 
electrician is familiar and which are 
easy to service, have been used through¬ 
out. .^Iso, by redesigning the wiring 
system and mounting most of the small 
resistors and capacitors on a terminal 
board, servicing has been greatly 
facilitated. 

Need More Informotion? 

Your local G-E office will be glad to tell 
you more about the jobs that these 
controls can do—^and are doing. Or 
write directly to us for more information. 
General Electric Co.^ Schenectady 5^ N. V. 



RESISTANCE-WELDING 

CONTROL 

Buy oil lha Bond* you con—and icoap off you bwy 
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PCTGET SOUND 

Calum, Richard H. (B), 1807—37th St.. 
Seattle 22, Wash. 

Richard, George J. (B), Feirofiz Brazing 
& Machine Whs., 810—1st Ave. S., 
Seattle 4, Wash. 

ROCHESTER 

Ainsworth, H. W. (C), 114 Depew St.. 
Rochester 11, N. Y. 

O’Brien, Paul M. (C), 748 Culver Rd., 
Rochester 9, N. Y. 

ST. LOUIS 

MacIntyre, Robert K. (B), 719 Euclid 
Ave., Alton, III. 

SAN FRANCISCO 

Charles, Oval L. (C), 919 Grant St., 
Vallejo, Calif. 

Danton, Walter B. (C), 25 States St., 
Apt. 4, San Francisco 14, Calif. 
Mason, Fred J. (B). 3857—35th Ave., 
Oakland 2, Calif. 

Wran, Gilbert Warren (B), 3949—39th 
Ave., Oakland 2, Calif. 

TACOMA 

Anderson, Andrew (B), 4131 North Gove, 
Tacoma, Wash. 

Angles, John D. (B), Route 9. Box 235, 
Tacoma, Wash. 

Bartley,L.W.(C),1115>/tS. llth,Tacoma, 
Wash. 

Berry, Alva A. (0,6512 Sylvan Way, Apt. 
607. SeatUe 6. Wash. 

Be^, Robert J. (C). 1652 E. 29th. 
Tacoma Wash. 

Bohlander, Alfred A. (C). Rt. 1, Box 540A, 
Puyallup, Wash. 

Bolto^ Do^d F. (C), 364 Auburn Ave., 
Salishan, Tacoma 5, Wash. 

Brawn, Jack (B), Route 13, Box 199D, 
Tacoma, Wash. 

Brinson, C. C. (C), R. R.. 1. Box 568, 
Puyallup, Wash. 

Brown, Merritt H. (B), 3707 N. 21st St.. 
Tacoma 7, Wash. 

Batcher, W. C. (B), 4821 S. D., Tacoma. 
Wash. 

Cole, Stanley D. (C). 415‘/t S. 4th. Ta- 
coma 3, Wash. 

Charest, R. V. (C), 29 St. Helens Ave., 
Tacofna 3, Wash. 

Crain, Eugene R. (B), Route 7, Box 752B, 
Tacoma, Wash. 

Dacbyk, Herman (B), Rt. 2, Box 2, 
Tacoma, Wash. 

Davis, U.S.N.R., Lieut Bernard W. (C), 
704 N. Stadium Way, Tacoma, Wash. 
Davis, James R. (C), 2^2 S. Melrose St., 
Tacoma 6. Wash. 

DeTienne, CedlE. (B),3702S. Ainsworth. 
Tacoma, Wash. 

Draughon, R. D. (B), 502 E. 96th. 
Tacoma. Wash. 

Bichorst, Harvey C. (B), 610-8. Stevens, 
Tacoma, Wash. 

Enstrom, Walter R. (C), 2810 E. E St., 
Tacoma 2, Wash. 

Faste, Andreas A. P. (6), Route 6, 
Box 145F. Tacoma, Wash. 

Fox, Otis I. (C), P.O. Box 217, MUton, 
Wash. 

Garstad, Ray R. (B), 1014 S. Jay St.. 
Tacoma, Wash. 

Christensen, Homer Granville (B), 5802 
S. Fife, Tacoma. Wash. 

Glandon, Glenn W, (B), P.O. Box 1534. 
Tacoma, Wash. 

Charles T. (C), 3631 E. Eye, Ta¬ 
coma 4, Wash. 

Gretler, J. Floyd (C), Route 8, Box 602A, 
Tacoma. Wash. 

Hill, Arnold C. (C), 2104 S. 40th, Tacoma, 
Wash. 

Irons, Frederick Wheeler (C), 86^12 S. 
D St., Tacoma 4, Wash. 


Jacobson, Harold B. (B), 1202 N. Pros¬ 
pect. Tacoma 6, Wash. 

Kenworthy, Thomas M. (B), 1(X) Dasrton 
Ave., Tacoma, Wash. 

Lachambre, James (B), 2915 B. B St., 
Tacoma, Wash. 

McKeen, K. W. (C), Route 2, Box 496, 
Tacoma, Wash. 

Melby, Earl V. (C), 801 N. Eye St., Ta- 
coma. Wash. 

Moe, Edwin E. (C). 4119 N. 15th St.. 
Tacoma 6, Wash. 

Moore, Wm. L. (B). 2801 N. Union Ave., 
Tacoma 7, Wash. 

Moline, Raymond E. (C). Box 169. Route 
1,Graham, Wash. 

Musgrove, Marvin N. ^), 1208 S. 46th, 
Tacoma, Wash. 

Nicholas, James (C), 115 S. 48tb St., 
Tacoma 8, Wash. 

Nixon, Hugh R, (B), 5444V> S. M St.. 

Tacoma, Wash. 

Olson, Kenneth E. (B), 1430 Washington 
St., Sumner, Wash. 

Olson, William (C), 1801 E. Morton. 
Tacoma, Wash. 

Oman, Prank (B), Route 1, Box 370A, 
Gig Harbor, Wash. 

Pattee, John H. (C), Route 1, Box 169, 
Puyallup, Wash. 

Salinger, Frederick Laurens (C), Super¬ 
visor of Shipbldg., U.S.N., Todd- 
Pacific Shipbldg. Co., Tacoma 2, Wash. 

Schumann, Arvine L. (B), 124 Auburn 
Ave., Salishan, Tacoma 5, Wash. 

Sheehan, Emmet K. (C), 215 E. 72nd St., 
Tacoma 4. Wash. 

Smith, William C. (C), 5002 S. L St., 
Tacoma 8, Wash. 

Sonneson, A. B. (B). P.O. Box 114, 
Enumclaw, Wash. 

Southworth, Alvin A. (C), Route 9, Box 
595, Tacoma, Wash. 

Stinson, Del. (C), 4918 S. G St.. Tacoma 8, 
Wash. 

Strommer, Henry O. (C), 722 W. State 
St., Aberdeen, Wash. 

Stroope, George D. (C), 1442 E. 34th St., 
Tacoma, Wash. 

Turner, Frank C. (B), 1209 S. Gee 3, 
Tacoma, Wash. 

Vohs, William (C). 1008 S. 12th St.. 
Tacoma, Wash. 

Walter, George F. (B), 5843 Pacific Ave., 
Tacoma 8, Wash. 

Weltmi, Walter J. (C), Todd-Pacific 
Corp., Alexander St., Tacoma, Wash. 

Willis, Jack N. (B), 662 Findlay St., 
Seattle 8, Wash. 

Wright, James (B), 3815 Pacific Ave., 
Tacoma 8, Wash. 

Yergenson, Don R, (C), 309 E. 32nd, 
Tacoma, Wash. 

TULSA 

Davenport, Floyd D. (B), Maloney Tank 
Mfg. Co., Pl^t 2, Tulu, Okla. 

Gannaway, Chas., Jr. (B), Tulsa Boiler & 


BOSTON 

Barnett, Carleton E. (from D to C), 
Eastman Barnett Co., 162 Binney St., 
Cambridge 42, Mass. 

Perry, Domingo F. (from D to C), 4 
Cvltou St., R.F.D. 4, New Bedford, 
Mass. 


Mach. Co.. 2020 S. Union St., Td 
Okla. 

Holmberg, J. C. (B), Tulsa Boiler 
Mach. Co., 2020 S. Union St., Td 
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Welding as an Aid in the Fabrication 
of Ordnance Materiel* 


By Colonel Scott B. Ritchiet 


r ' IS indeed a pleasure to participate in the celebra¬ 
tion of the 25th Anniversary of the American 
Welding Society, by discussing welding as an aid 
in the fabrication of Ordnance materiel. This Society 
has made great progress in these 25 years in the advance¬ 
ment of welding. It may well be proud of its dis¬ 
tinguished record. The Ordnance Department is grate¬ 
ful for the assistance rendered by the Society. We have 
leaned heavily upon you for assistance and advice. 
Many of the problems we have presented have not been 
easy, but these—as well as others—have been handled 
by the Society in an efficient and expeditious manner. 

Several years ago, I had the pleasure of addressing the 
Cleveland Chapter of this ^ciety on “Welding in 
Ordnance Materiel.” The Ordnance Department was 
then in the midst of a huge program for the mobilization 
of science and industry in the development and manu¬ 
facture of weapons to meet the needs of our armed forces 
and our allies. This program has been so stupendous 
and has covered so many types of Ordnance mat^el that 
it is difficult to comprehend its magnitude. It involves 
more than 2000 major items—such as tanks, self- 
propelled artillery, armored cars, bombs, aircraft ma¬ 
chine guns, aircraft cannon, ammunition, propellants 
and high explosives. A measure may be conveyed by 
stating that the grand total of the Ordnance program 


* Presented et the Twenty-Fifth Annual Meeting, A.W.S., Cleveland. Ohio, 
Oct. 16 to 19, 1944. 

t Office, Chief of Ordnance, Washington. D. C. 



Fig. 1—155-Mm. Gim Motor Carriage, M12 
These helped to break the back of the Germans on the western 
front. 



Fig. 2—Light Tank, M22 

Used for airborne operations. Can be carried by present cargo- 
type aircraft. 


for the manufacture of weapons, ammunition and equip¬ 
ment to date is about 65 billion dollars. 

The success of that program is largely due to the 
partnership formed by the Ordnance Department early 
in the emergency with science and industry. The pro¬ 
gram, initiated in September 1940, when ^e Ordnance 
Department received its first emergency appropriation 
of two billion dollars, was based on weapons which had 
been continuously under design from 1918 to 1939. The 
Department had been handicapped in those years in the 
design and development of weapons, due to lack of 
funds. Yet, much had been done, and when the program 
was initiated in 1940, designs of the basic Ordnance 
weapons, ammunition and equipment were available 
immediately to manufacturers. 

The Ordnance Department, however, looked to the 
future, and realized at that time the need for partnership 
with science and industry in order that it might cope 
successfully with the changes war would demand. This 
partnership was formed and has been successful beyond 
all expectations. I am happy to say that the American 
Welding Society has played its part well as a member 
of that team. 

In all this great program of developing and manu¬ 
facturing arms and equipment, welding has played a 
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Nicknamed the "Slugger,” it is used primarily against tanks. 
Note streamlined welded construction. 


Fig. 5—l^Mm. A.A. Gun, Ml, on Mount, Ml 
The so-called stratosphere weapon of the Army. This gun will 
fire high explosive ammunition to greater altitudes than any other 
known antiaircraft gun in the world. Note welded constnjction 
used throughout. 


major role. It is one of the fundamental processes, 
without which many of the advantages our troops now 
hold against the enemy, both in quality and quantity, 
would have been impossible, ^iany have come to 
accept welding as though “it just happened,’’ that it 
reached its present stage of refinement through a normal, 
but perhaps mysterious evolution. This is not the case, 
as you know, for much exhaustive research has been con¬ 
ducted and rapid commercial development has been 
accomplished within a comparatively short period. 

Without this, other methods or processes would have 
been used instead of welding, the results of which cannot 
be determined at this time. Suppose, for example, the' 
inadequacy of welding had forced designers to accept 
other methods or processes as a standard for materiel 
design. Our tanks would still be riveted and therefore 
more vulnerable—our artillery would be heavier and 
either be less maneuverable, or have less firepower—our 
vehicles would carry more dead weight—our planes 
would be slower—and on and on throughout the long 
range of the weapons of war. 

Welding has played a major role in this war because 
designers have been able to take advantage of a process 
which offers more liberal design possibilities with less 
production limitation. You men of industry, who have 
worked unceasingly to reduce the cost of welding, and 
you men of science and engineering, who have worked so 
tirelessly to develop new types of electrodes and equip- 



Fig. 4 —Rocket Launcher, Ml (Bazooka) 

Welded tubing plays an important role in construction of this 
very important weapon. 


ment and to improve processes, to bring the quality of 
welding to its present high standards—each of you, and 
all of you, should feel proud, and rightly so, of the im¬ 
portant and significant contributions you have made to 
your country at war. 

The Ordnance Department has always been aware of 
the transcending importance of research and development 
for national defense. It has been carrying on welding 
research and development for many years. The primary 
purpose of welding research is to determine suitable 
design and performance criteria which will serve as an 
adequate basis for future applications. This would seem 
to cover a very broad field, but in reality, most of this 
work will fall in one of the following categories: 

1. New procedure and material development. 

2. New testing and inspection methods. 

3. Metallurgical examinations. 

New procedures, involving both technique and design 
are always under investigation so that the quality of 
welding may be controlled in accordance with the service 
requirements of the job. For example, recent studies 
have indicated that with a given armor composition and a 
selected welding procedure, the ballistic integrity of a 
welded joint may be predicted within reasonably accu¬ 
rate limits. 

Material development is carried on to produce new 
supplies, equipment or processes. This work is done at 
government laboratories, with outside research agencies. 



Fig. 6—Howitzer, 105-Mm., M2 on Carriage, M2 

Welded construction is used throughout. This weapon is so- 
called backbone for the Army since it has been used more than 
any other artillery piece in this war. 
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Fig. 7—^Howitzer 105-Mm. M3, on Carriage M3A1 Modified 
with Skid Pan for Operation in Mud 
This is a compact design which gives great mobility and is suit¬ 
able for airborne operations. The Howitzer cradle, as well as other 
parts of the carriage, are of welded steel construction. 


able specifications is part of the over-all plan to control 
Ordnance welding and these, then, may be referred to as 
“basic specifications.’’ In regard to control of welding 
of specific materiel, such as artillery, ammunition, 
armored vehicles and small arms, “item specifications” 
are available. These include special instructions pe¬ 
culiar to that particular type of weldment. 

In order to more effectively coordinate our welding 
activities, there was established an Ordnance Welding 
Committee, the purpose of which was to correlate all 
welding activities throughout the Ordnance Department 
and establish standards for all Ordnance welding appli¬ 
cations. This Committee is made up of representatives 
of various arsenals, services and divisions within Ord¬ 
nance, and meetings are called as needed to dispose of 
the problems which are presented, and to formulate and 
recommend policies with respect to Ordnance welding. 


with industrial facilities, or in cooperation with all three. 
One of the major developments of this war has been a 
new type ferritic electrode for the welding of material of 
high hardenability. The studies involved in this de¬ 
velopment have indicated that revolutionary thinking 
is required when considering welding of this type. Fur¬ 
ther investigative study is necessary, however, before 
final conclusions are reached; but, it is believed that the 
research men and engineers concerned with this de¬ 
velopment are on the threshhold of a major discovery 
which will constitute a forward step in welding steels of 
high hardenability. 

It is absolutely essential that materials entering into 
Ordnance weapons and ammunition have the maximum 
uniformity and reliability. The failure of material in 
service would not necessarily be a matter of dollars and 
cents, but rather it would be measured in time and 
casualty lists and lost battles. Quality of materials is 
assured by proper and adequate specifications through 
which control of welding is maintained. 

The applications of welding in Ordnance can be divided 
into two classes, namely, constructional and ballistic. 
This is based on the concept of usage of the material, 
rather than type or composition. The physical char¬ 
acteristics, heat treatment or welding details incident to 
a given application, however, may be quite different for 
the two classes, even though the same composition is 
used. However, certain basic standards apply to all 
welding applications. These include, among others, 
such standards as nomenclature, symbols, joint design, 
qualification of operators and qualification of welding 
procedures. Development of these standards into suit- 



Fig. 8—Detail oi 90-Mni. Mouat A.A. M2 

A closeup of an outrigger connection showing the extensive use 
of welding. 



Fig. 9—Howitzer, 240-Mm. Ml, on Carriage Ml 
Trails and Carriage are of welded steel construction. This 
monster fires a 360-lb. high-explosive proiectile. 



Fig, 10—Howitzer Carriage Ml 

This mobile carriage of welded construction Is used interchange¬ 
ably with the 240-mm. Howitzer and 8-in. Gun, thus giving flexi¬ 
bility and simplifying field supply and maintenance. 

To further correlate the efforts of the Ordnance Weld¬ 
ing Committee with industry, and as a result of assistance 
which was most graciously offered by the American 
Welding Society, there was formed an Advisory Group 
to the Ordnance Welding Committee, which is known 
as the A.W.S.-Array Ordnance Advisory Committee. 
This Committee is made up of representatives of in¬ 
dustry and Ordnance, and it is their responsibility to 
deal with specific problems as requested by the Depart¬ 
ment through the Ordnance Welding Committee. The 
advantage of such a Committee is apparent, since it 
tends toward mutual cooperation and a better under¬ 
standing of the problems which exist in both Ordnance 
and industry. 

Since quality requirements must be enforced through 
inspection, it was considered desirable to prepare a 
Welding Inspection Handbook for metal arc welding. 
This manual would serve as a convenient source of in¬ 
formal technical information, relative to the inspection 
and testing of weldments. The Welding Inspection 
Handbook was the first undertaking of the A.W.S.- 
Army Ordnance Advisory Committee. It has been 
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completed and reviewed by Ordnance, and will be avail¬ 
able in the near future to Ordnance and other welding 
inspectors within the Army Service Forces. These in¬ 
clude other departments such as Transportation Corps, 
Signal Corps, Chemical Warfare Service, Corps of En¬ 
gineers and Quartermaster Corps. It is understood that 
the American Welding Society expects to issue the 
same data as a Handbook on Inspection of Manual Afc 
Welding. This, of course, is the Idnd of cooperation and 
coordination that was hoped for when the A.W.S.-Army 
Ordnance Advisory Committee was organized. 

Now, I should like to mention a few of the specific 
advantages of welding. In materiel design, there are a 
variety of approaches, each unique in itself, and all 
challenging the combined engineering ingenuity of Ord¬ 
nance and industry. Welding plays a very important 
part in materiel development since it permits design and 
engineering freedom. In fact, it is inconceivable how 
modem weapons of war would have been possible without 
the use of welding. 



Fig. 11—Ordnance Maintenance Welding Truck, Set L 

This is one of the jobs used for effecting emergency rec>airs in a 
forward area. Note the oxygen and acetylene tanks, forge, gas 
engine driven welder, etc. 

By designing to welded steel construction, a saving in 
weight of from 15 to 40% is frequently realized. Pleas¬ 
antly enough, these savings are often accompanied by a 
cost reduction of from 10 to 30%, as compared to the 
old design. In many cases, however, a cost saving, 
particularly in war times, is of secondary importance 
since it is always desirable to improve service perform¬ 
ance. It is interesting to note that under these condi¬ 
tions, designing to welded steel construction usually 
results in improved service performance, without an in¬ 
crease in either weight or cost. 

Simplicity seems to be one of the fundamental ad¬ 
vantages of the welding process, since it offers an easy, 
quick and economical method for meeting functional 
requirements. During the war emergency, time is of 
such importance that it is reflected daily in the success 
or failure of combat operations. Emergency jobs re- 



Fig. 12—Box, Ammunition, Cal. .50, M2 

It is interesting to note that welding made it possible to make up 
a container which can be hermetically sealed. Arrows indicate 
welding. 

quiring a quick redesign—to strengthen a member—to 
change a part for improved performance—or to fabricate 
and deliver a particiflarly vital piece of equipment where 
needed and on time—can be of signal importance. The 
flexibility which the process offers can be of tremendous 
advantage in this regard. Believe me when I say that 
welding has permitted us to come through on many occa¬ 
sions when the going was rough. 

The changing requirements in the field, necessitating 
either a complete redesign of a part, or a cut back in pro¬ 
duction of one item which may be accompanied by an 
increase in production of another item, previously pre¬ 
sented many problems to industry concerning inventory. 
These problems have been solved to a great extent 
through the use of welding, because in general, standard 
shapes, bar stock or plates are used wherever possible, 
and new design developments may not render existing 
stocks of material obsolete. 

Up to this point we have discussed the advantages of 
welding as applied to new design or a redesign. Salvage 
and repair of materiel in the field, however, represents 
Ordnance welding applications of considerable magni¬ 
tude. Rarely is it necessary to completely scrap a ve¬ 
hicle, a carriage or any component part thereof. It is 
truly amazing how quickly a tank which has been 
knocked out, can be put back into action—how vehicles or 
carriages can be repaired and returned to service—or how 
existing materiel can be reinforced where necessary to 
provide additional combat protection to overcome the 
performance of newly designed enemy weapons which 
may suddenly make their appearance at the front. This 
work, of course, is of tremendous significance in all the 
theaters of operations. 



Fig. 13—Amphibious Truck 

Welding has played an extremely important role in the develop¬ 
ment of this vehicle. 
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Weld surfacing is a process which covers an extensive 
and important field in Ordnance welding. The scope 
and possibilities of weld surfacing are almost unlimited, 
and include such applications as building up worn shafts, 
reclaiming grouser plates, hard surfacing lunettes and 
many others. The savings effected through the use of 
weld surfacing are definitely spectacular if one considers 
the cost, handling and shipping space involved were it 
necessary to replace such parts entirely with new com- 
|X)nents. 

One of the many assets of the welding process is the 
ability to use the type metal required commensurate 
with the work at hand. A case in point is an elevating 
arc on a carriage where it is possible to weld a low alloy 
web plate to a higher alloy flange. This satisfactorily 
meets the service requirements of the job and, at the 
same time, conserves essential strategic aUoys. 

It would seem almost imnecessary to mention the fact 
that welding lends itself readily to high rates of produc¬ 
tion. Subassemblies can be easily jigged and set up for 
quantity production. Assembly lines can be developed 
with established procedures to obtain maximum produc¬ 
tion efficiency. When a nation is faced with total war, 
production is paramount—and welding expedites pro¬ 
duction. Briefly, then, it may be stated that the princi¬ 
pal advantages of welding in the fabrication of Ordnance 
mat^el are: 

1. Flexibility of design. 

2. Time savings. 

3. Qigh rates of production. 

4. Cost or weight savings. 

5. Better service performance. 

6. Field salvage and repair. 

In this war, emphasis has been placed on amphibious 
operations. Landing of great armies and securing 
beachheads has generally been the initial phase of every 
major undertaking. An amphibious vehicle is not a new 
idea. Inventors have been working on this problem for 
a great many years to develop a practical vehicle that 
would operate on land as w^ as in water. In fact, 
Oliver Evans built a 15-ton Amphibolos Orukter in 
1805 for the Philadelphia Board of Health to dredge 
the Delaware River dock area. 

This ponderous wooden, steam-driven vehicle traveled 
up Market St. from the Evans Machine Shop to Center 
Square under its own power. After a few days of public 
demonstrations, the Orukter moved on the banks of the 
Schuylkill River, and was launched at low tide. As the 
tide rose, the dredge floated free of its wheels, and ma¬ 
jestically chugged down the Schuylkill and up the Dela¬ 
ware, independent of wind or current. While the Oruk¬ 
ter was not considered particularly practical, it was just 
as much a revelation in those days as was our amphibious 
vehicle, the “Duck,” when it first made its dramatic 
appearance during one of the early amphibious opera¬ 
tions. 

Without the use of welding, the building of the hull of 
the “Duck” would probably have been impractical. 
Replacement by rivets of 1300 ft. of arc welding, and 
approximately 8000 spot welds would have constituted 
a fabrication problem of great magnitude, and the prob¬ 
lem of keeping it water tight over the extreme service 
conditions encountered in use would have been virtually 
impossible. Because of the simplicity of the all-welded 
construction, the first experimental job was completed 
in less than a month after instructions were issued for its 
design, and production was imder way a month later. 
In spite of the large number now in the field, less than a 
dozen failures have occurred which can be attributed to 
welding defects. 

By incorporating basic advantages of welding into 


Ordnance mat^el as a design feature, and further mak¬ 
ing use of the high standards and qualities developed by 
the cooi>eration with industry, the pay-off has been tre¬ 
mendous. 

The design and production of Ordnance materiel does 
not stop short of the goal of technical dependability— 
it operates at that level. Whereas, in typical industrial 
production of commercial products, malTunctions of the 
order of Vs of 1% may not be considered excessive, such 
a performance would be sufficient cause to discard many 
of our weapons for use in warfare. The standard of per¬ 
formance of Ordnance equipment is indicated by the 
acceptance specification requirement for caliber .50 
airciWt machine gun that there be not more than two 
malfunctions during the firing of a 5000-round endurance 
test. The 0.04 of 1% includes the combination of gun 
and ammunition. Hence, the allowable defects in the 
ammunition must be much less than 0.04 of 1%. 

With this example of performance normally required 
for Ordnance mat^iel, it may prove of interest to review 
a few practical welding applications. The developraen 
of high-strength, welded tubing of close dimensional 
tolerances to meet pressure applications ranging from 
2000 to 12,000 psi., with guaranteed quality has l^en an 
outstanding industry achievement. Designs requiring 
extremely thin walls in this class of tubing, have been 
produced in large quantities. In this category are the 
2.36-in. rocket (better known as the “Bazooka”), the 
4.5-in. rocket and the M9A1 Anti-Tank Rifle Grenade. 
Dming 1943, over 3,500,000 ft. of welded tubing were 
produced for the Bazooka and the Rifle Grenade. In 



Fig. 1 4 4000-Lb. Demolition Bomb 
A so-called "Baby Block Buster." The circumierential and 
longitudinal seams, lugs and fins are welded. 
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Arrows indicate points of welding. 


the field of bomb production, welded tubing has been the 
principal source of casings. The huge quantities of 
bombs required could never have been made had it been 
necessary to rely on the forgings and castings originally 
specified. In 1943, one company alone used 160,000 
tons of plate to make 1,100,000 500- and 1000-lb. bombs. 
In the larger sizes, welding was the only practical 
method of fabrication. 

The distribution and supply of artillery ammunition 
required light-weight containers, capable of withstanding 
rough handling. In addition, it was necessary that the 
sealed container be capable of withstanding severe at¬ 
mospheric and ground conditions. The quantities of 
tubing required amounted to 25 million feet to be pro¬ 
duced in less than 8 mo. This load was undertaken in 
its entirety by the Welded Tube Industry. This utilized 
gas and resistance welding facilties. 

Similar standards of quality have been incorporated 
into designs and production of mortar shells and fin 
assemblies using spot and projection welding. In addi¬ 
tion, the shell body has been fabricated by stamping 
plate and flash welding the formed plates. In 1943, over 
18 million 81- and 60-mm. fin assemblies were produced 
by making use of this technique. A notable example of 
welding is in the millions of rounds of H.E. shell, each of 
which has a O.OSO-in. gage steel plate welded on the base 
as a precaution against gas leakage through the base and 
malfunction in the gun tube. Such mahunctions must 
not occur as they are disastrous to both gun and gun 
crew. 

The outstanding application of welding in the fabrica¬ 
tion of gun trails and gun carriages in all classes of guns, 
represents one of the earliest welding achievements of 
the Ordnance Department. With importance being 
increasingly placed on light-weight construction, further 
advances have been made with the use of high-tensile 
plate. Now, we are thinking of fabricating welded 
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Fig. 16—Gun 155-Mni. MlAl on Carriage Ml 

It is, easy to see why operations in this war are often referred to 
as mobile. Welding of course, has helped to make this possible. 
This gun played a very important part in breaking the back of the 
Germans in France. 

structures by use of structural alloys, heat treated to 
yield strengths of 1(X) to 1.50,000 psi. The quality of the 
standards of the welding industry has kept pace with 
these requirements, and we anticipate this will continue. 
During 6 mo. of 1943, over 14,000 tons of low-alloy, high- 
tensile plate went into fabrication of gun mounts. 

Use of welding as applied to small arms assemblies has 
proved of outstanding assistance in production of these 
weapons. As an example, the barrel jacket of the caliber 
.50 M2 Aircraft Machine Gun was formerly made from 
tubing. This tubing was perforated for cooling effect 
by punching one row at a time, making the process slow 
and expensive. By using flat strip steel, perforating, 
forming into a tube and welding, the production was 
materially increased, and a great saving in man-hours 
and dollars was accomplished. Another example is the 
caliber .45 M3 Submachine Gun. This gun is composed 
almost entirely of steel stampings and welding is used in 
assembling the components, particularly the receiver. 
By processing the M3 in this manner, it has been possible 
to reduce its cost by more than one-half the lowest cdst 
ever obtained on the conventional type of fabrication. 
Welding is also used in assembling the tripod mounts of 
the caliber .30 and caliber .50 machine guns for ground 
and aircraft purposes. 

The improvement in combat vehicle contours and 
quantity production of these items was primarily due to 
the technical development in the art of welding. Ap¬ 
proximately 60,000 tons of armor plate were welded 
during June 1943. The amphibious vehicles, such as 
the “Duck” and “Alligator,” owe much of their success 
to the quality and quantity of work obtained by welding. 

It has been pointed out that welding has played a 
major role in the development of weapons of war. In fact, 
it can even be said that welding, itself, is a weapon of 
war—because of its importance to the design, fab¬ 
rication and maintenance of Ordnance materiel. 
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Design and Fabrication of an All Welded 

Pressure Scalder 

By W. J. Conleyt 


RC-WELDED construction is ideal for products in¬ 
volving the use of fluids. Sheet metal, plates and 

_ structural shapes can be joined economically to 

make containers which are permanently leakproof. 
Also, sheet metal and plate stock can be formed and 
welded directly without reinforcing, although it may be 
necessary to combine the lighter gages with structural 
shapes such as angles in order to obtain the desired 
rigidity. 

By planning carefully, the sub-assemblies of the ma¬ 
chine size of the weldments can be designed to suit the 
facilities and capacity of the individual fabricating shop. 
This should be planned so as to minimize the amount of 
welding and thereby get the lowest fabrication cost. 

The amount of welding is minimized by forming parts 
by means of brakes, rolls and cold drawing or stamping. 
This is important not only in designing the separate 
weldments, but also in the choice of joints for the final 
assembly. Wherever possible, the parts should be as¬ 
sembled so as to eliminate as much handling as possible. 

The scalder shown in Fig. 1, built by the Allan Iron 
and Welding Works, Inc., Rochester, N. Y., illustrates 
the versatile and practical use of arc welding for eco¬ 
nomical fabrication. The unit shown has a capacity of 
five (5) tons of vegetables per hour and weighs approxi¬ 
mately five tons. Vegetables are processed in water held 
at a temperature which creates a low steam pressure. 
This means that the unit must be pressure tight. The 
scalder was conceived and designed by an engineer of 
the company who supervised the construction in the 
company’s shop. 

The ^t unit built had a capacity of approximately 
two tons per hour. 

By conventional methods, several months would have 
been required to complete this first unit and an expendi¬ 
ture of thousands of dollars would have been required 
for special shop equipment. 

It was built by arc welding in several weeks . . . and 
built at a good profit, ^uipment used—all available— 
included an oxygen cutting machine, shears, brakes, 
rolls and arc welding equipment. 

Planning of the design by sub-assemblies was ap¬ 
proached from the point of view of the fimction to be 
performed. Referring to Fig. 1, the grouping is obvious: 
the base support for the b^y (D), the Ix^y (C), the 
feed conveyor (A), the discharge conveyor assembly (B), 
the paddle wheel (Fig. 8), platform (E), brackets (F), 
sprockets and bearings. 

Figure 2 shows the discharge elevator for the five-ton 
cooker. Fig. 3 (A, B, C) and Fig. 4 show its component 
parts. 

The vertical walls are made of plate. The dis¬ 

charge hood is 10 gage stock for units of less than five 
tons capacity, while larger ones use plate. Figure 
3 shows a layout for 10 gage material. The angles are 
welded to the sheet in the flat position with the whole 
unit clamped to a platen to prevent warpage. 

t CooMiltiiic Engineer. Lincoln Electric Co. 


Figure 5 illustrates the position of the welds necessary 
for pressure tightness. Angles A' on each side are welded 
with a continuous bead, V4-in. diameter E-6012 electrode, 
250 amp., 18 in. per min. arc speed. Angles B' are 
welded intermittently in each case, using 2-in. fillet 
welds on 6-in. centers (same type and size electrode). 
The end pieces are then assembled with these in position 
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Fig. 2 fig. 3 Fig. 5 


for flat welding. Sheet (1) is welded continuously on the The paddle wheel (Fig. 8 ) illustrates an application 
inside to the side plates with fillet welds. Outer where ^e simplicity and flexibility of welded construc- 

edges of Sheet (1) are then welded intermittently, using tion are used to full advantage. It consists of two 
2 in. X */ifl in. beads spaced 6 in. Sheet (2) is welded circular plates of 5 ft. diameter containing ten paddles 
continuously to the angles, using V 4 -in. E-6012 electrode for the unit. The function of the paddle is to scoop up, 
and same procedure as for Sheet (1). carry the load around through a given time cycle and 

The hood for the discharge conveyor assembly (Fig. 1, drop the material into the discharge bucket conveyor. 
B, top) is welded in flat position, comer weld fit-up, with The paddles are constmcted so that they can pass freely 
a Vie-in. E-6010 electrode, 180 amp., 25 in. per min. arc through the hot water. They consist of 47—Vi in- x 
speed. The joint fit-up consists of lapping the sheets V 4 in. x 1 foot 8 in. bars welded to two pieces of fllat stock 
one-half their thickness. The hood is wdded to the stock using fillet welds along the sides of the bars. Parts are 
by means of a ^/ 4 -in. E-6010 electrode with 200 amp. and set up in a fixture, faalitating assembly and making it 
18 in. per min , arc speed. possible to have all the fillet welds in the horizontal posi- 

The vertical stack for the larger units uses Vie in. tion. Welded with E-6012 electrodes, 

and Ve in. plate. The plate is clamped into position, 
tack welded and comer welded in the flat position with 
the stiffener angles added after welding. The necessary 
rigidity is obtained with 2 x IV* x V 4 -in. angles as shown 
in Fig. 2. These are joined by Vw-in. fillet welds 2 in. 
long and spaced 6 in. A Vi-in. E-6012 electrode is used 
with 275 amp. and arc speed of 12 in. per min. 

The feed conveyor is fabricated in a similar manner. 

The main body (Fig. 6) contains the paddle wh^l 
which controls the time of scalding and transfer of the 
load from the feed to the discharge conveyor. It is con¬ 
stmcted of */ie-in. plate for the smaller units and V4-in. 
plate for the larger ones. The parts are tack welded and 
the assembly positioned for flat welding. Comer welds 
are used throughout. These require ‘A-in. E-6012 elec¬ 
trodes with 300 amp. and 18 in. per min. arc speed. The 
fit-up is such that a nearly full open joint is used with a 
throat about equal to V 4 of the plate thickness. 

The end plate shown in Fig. 7 is prepared with square 
edges by shearing and burning. The other plate is made 
as indicated by the dotted line. This is done so that a 
circular cover plate can be bolted on to make provision 
for repair and replacement of the paddle. Angle stiff¬ 
eners are used and welded as indicated. Fig. 6 Fig. 7 
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Fig. 8 Fig. 9 


Figure 9 shows the paddle details and a cross-section 
with the size of welds for assembly. 

The only other heavy part is the base support for the 
main body, shown in Fig. 10. This is made of structural 
shapes: one wide-flanged I-beam, standard I and angle 
sections. The fit-up is planned so that square butt and 
fillet welds are used as indicated in Fig. 10. 

Figures 11, 12 and 13 show smaller components for 
which welding made possible speedy and economical 
construction. Figure 12 is of special interest, for this 
pressure gland is made entirely of standard stock mate¬ 
rial. The design was made to accommodate all shaft 
openings. 

The buckets for the conveyors were welded with a 
minimum length of bead, since the 10 gage stock was 
sheared and bent so that only Vw-in. fillet welds, with a 
total length of 8 in., were necessary. 

Figure 11 shows a typical bracket. This and the angle 
iron platforms for motors, drives and pumps complete the 
machine. 

The three tnain units—^feed conveyor, body and dis¬ 
charge conveyor—are assembled by bolting the angle 
frames together with packing used between ^em to give 
pressure tightness. This method of assembly is neces¬ 
sary to permit accessibility of parts for maintenance. 

It will be noted that all welds are smaller than usually 
specified for a structure of this size. This is true because 
of greater penetration due to higher amperage and arc 
speeds. This gives a stronger weld than is possible with a 
bead having larger dimensions and made in the conven¬ 
tional manner. The procedures necessary to obtain 
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these results for all ty|>es of joints as compared to the 
conventional welds are given in our “Fleet-Welding” 
Bulletin. 

The design of the conveyor units was dictated by the 
equipment available in the shop. Larger holes would 


have allowed making the corners by forming theysteel, 
thus eliminating considerable welding and the corner 
angle. This would greatly reduce the cost and take 
full advantage of the possibilities offered through 
welding construction. 


Safety Control for Arc 
Welders Eliminates 
Shock 

By Herbert Mahumed* 

S AFETY has always been a prime consideration of 
Pullman-Standard Car Manufacturing Company, 
and with the introduction of a.-c. transformer 
welders in its shops, the safety angle was thoroughly in¬ 
vestigated. In the fabrication of railroad cars, some of 
the arc welding is performed while the operator is stand¬ 
ing or leaning against various parts of the car, to which 
the ground cable is attached. With perspiration-soaked 
clothes and gloves there is always the possibility of shock, 
even with insulated electrode holders. The open-circuit 

* Carl Bjroir & Associates. Inc., 310 S. Michigan Ave., Chicago 4. III., 
Public Relations Counselors, Pullnian.Standard Co. 



Fig. 1—View of Panel 



Fig. 2—Schematic Circuit Arc Welder Safety Panel 


voltage of the various makes of transformer welders used 
varies from 85 to 110 v. 

The engineers made a study of the technical data avail¬ 
able on voltage which would be dangerous to experience 
under all circumstances. Under severe conditions in¬ 
volving clothes wet with perspiration, contact with the 
metal being welded and ph 3 rsical exhaustion, the maxi¬ 
mum voltage permissible for a. c. is 24 v. For d. c. the 
maximum voltage pemlissible is 110 v. 

Yet most welding equipment uses voltage from be¬ 
tween 85 and 110 v. of a. c. 

Various types of then-existing “safety panels” were 
tested in the Michigan City plant but aU of them, how¬ 
ever, had some drawbacks such as erratic operation, lag 
in striking the arc, excessive maintenance, etc. It was, 
therefore, decided to develop a new control suitable for 
use under the rather severe operating conditions found 
in a freight carbuilding plant. 

At first, only the welding (secondary) circuit was 
broken, but the later design, finally adopted, breaks both 
the primary and the secondary circuits, leaving the 
capacitor (if the welder is so equipped for power-factor 
correction) on the line. This results in improved power 
factor due to elimination of the idle load of the trans¬ 
formers. 

In the safety panel finally adopted by the Pullman- 
Standard electrical engineers the control isolates the 
open-circuit voltage of the welding equipment from the 
electrode holder when the operator breaks the arc. A 
control voltage of 24 v. (the “safe” voltage) is impressed 
on the electrode cable when the operator is not welding, 
and functions to complete the circuit when the electrode 
contacts the work, so that the welding transformer is 
again connected to the electrode and welding proceeds. 

Figure 1 shows the safety panel in its steel cabinet as 
inst^ed on an arc welder. This safety panel may also 
be installed on motor-generator a.-c. welders (secondary* 
approximately 180 cycles) on which the open-circuit 
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voltage is about 90 v., which also results in severe shocks 
under favorable conditions. 

Figure 2, a line diagram, shows how the 24-v. control 
energy is obtained from the transformer shown. 

Relay CR has a 24-v. coil. 

Relay VR has a coil so selected that the rise in second¬ 
ary voltage of the welding transformer, when welding 
is interrupted, will open the contacts. At the Pullman- 
Standard shops a 115-v. coil is used. As first designed, 
there was no time delay on the relay VR, and the circuit 
would go back to “safety” as soon as the welder broke 
the arc. While this worked out very well, more than 100 
of these panels being in use, it was decided on the last lot 
of panels made, to make a short-time delay (Vj to 1 sec.) 
to aid in starting the arc and to avoid fluttering of the 
relays in operation. 

Contactor W' is a heavy-duty type, having a 440-v. 
coil. It has as many poles as may be required. At 
Pullman-Standard shops a 4-pole, 100-amp. contactor is 
used. Three poles are parallded by means of a bus strap 
to handle the welding current (up to 500 amp.) the other 
pole being used to break the primary circuit of the weld¬ 
ing transformer. In the case of the motor-generator 
sets, a three-pole contactor is used, as the motor must be 
left running, to avoid delay in welding. 

None of the relays has current flowing through its 
coils when the operator is not welding, and failure of any 
of the relay coils or contacts means that the operator can¬ 
not weld. 

The sequence of the operation is as follows: 

(a) To strike an arc the operator establishes contact 
between the electrode and the work, which completes 
the 24-v. control circuit and picks up relay CR. 

(5) Relay CR, when energized, closes the 440-v. coil 
circuit of contactor W. This action then impresses full 
welding voltage on the welding electrode and enables 
the operator to get his welding arc. 

(c) Relay CR is held in by one of its normally open 
contacts. 

{d) Interlock contact NC on contactor W isolates the 
control relay CR from the welding voltage. 

(e) Interlock contact NO on contactor W closes and 
completes the energizing circuit of relay VR. The weld¬ 
ing voltage (25 to 40 v.) is not high enough to pick up 
relay VR, so long as the arc is maintained. 

(f) When the operator breaks the arc, the sudden rise 
in secondary voltage to a value of from 80 to 105 v. 
(depending upon the make of the welder) picks up relay 
VR. 

(g) Relay Fi?, picking up, breaks the normally closed 
contacts VR and so opens the holding circuit of 
relay CR. 


(h) Relay CR in dropping out, opens the contactor W 
circuit and de-energizes the contactor. This isolates 
the welding transformer secondary from the electrode 
holder and restores the 24-v. control voltage to the elec¬ 
trode. Relays CR and VR and contactor W remain de¬ 
energized. 

(t) Contactor W in opening breaks the primary circuit 
of the welding transformer. In this manner, the auto¬ 
matic control circuit serves a dual purpose: (1) increases 
safety of a.-c. arc welding; (2) eliminates the power 
consumption of the welding transformer when the oper¬ 
ator is not welding. 

Another important advantage of the automatic dis¬ 
connect feature is the improvenjent of the system power 
factor, by removing “idle” transformers from the line. 
When wdding transformers (not loaded) are left on the 
power line, their power factor is very low, because the 
load is highly inductive. This low power factor load 
tends to drag down the system power factor. 

Where power factor corrective devices are installed, 
shown as an optional device in the circuit diagram, the 
foregoing statement would not strictly apply. However, 
most of the a.-c. welding transformers now in service do 
not have the shunt capacitors to improve the power 
factor. As shown in the circuit, the capacitor would be 
left on the 440-v. line at all times. Thus, the power 
system would obtain the corrective benefit of the capaci¬ 
tor at all times, regardless of whether the operator is 
welding or not. Welders have accepted this safety de¬ 
vice enthusiastically and report no difficulty in striking 
the arc. 

The same type safety panels are now in use in all of 
the Pullman-Standard plants on all welding machines 
from the smallest to the largest sizes, without any change 
being required. Length of electrode leads does not affect 
the functioning, nor does current setting of the machines, 
thus the panels are ideal for shop conditions where the 
machines are frequently moved and the character of work 
changes continu^y. 

The panels actually aid in improving production, as 
the welders change electrodes without being constantly 
on the alert for shocks, and relief from actual nervous 
tension is quite noticeable. 

For any type of welding where the worker may receive 
the open-circuit voltage of the welding machine, this new 
patented safety panel contributes greatly to the safety 
and ease of mind of the employees. 

The development is the result of collaboration of A. C. 
Lohse, gener^ power engineer of all Pullman-Standard 
plants, R. S. Kenrick, electrical engineer, formerly with 
Pullman-Standard, and Wilbur K. Schroeder, works 
engineer of the Michigan City plant. 
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With Hard-Facing Rods of HAYNES Alloys 



You Gan Protect Other Metals 
From Wear . . . Erosion . . . 
Corrosion . . . Heat 


Select the Right Haynes Alloy 
for Your Job Requirements 




Haynes Cobalt-Base Alloys 

Haynes Stellite No. l...For coating surfaces sub¬ 
jected to severe abrasive wear and only slight shock 
or Impact. 

Haynes Stellite No. 6...For coating surfaces sub¬ 
jected to abrasive wear accompanied by consider¬ 
able impact. For edges of hot-work dies, and for 
valves of all kinds. 

Haynes Stellite No. 12 ... For coating surfaces 
subjected to severe wear with enough Impact to 
require more toughness than is possessed by No. 1. 

Haynes Nickel-Base Alloys 

Hastelloy B...For valves, pump parts and other 
equipment handling hydrochloric acid, aluminum 
chloride, and many other corrosives. 

Hastelloy C...For surfaces subjected to heat and 
abrasion, particularly where *‘heat checking” is a 
problem. Also for parts subjected to corrosion. 

Hastelloy D...For parts subjected to abrasion as 
well as certain types of corrosion. 


Haynes Tungsten-Base Alloy 

Ha YSTBLLiTE... Where utmost resistance to abra¬ 
sion is necessary, such as mining and oil well 
drilling tools. 

Haynes Iron-Base Alloys 

Haynes Stellite ”93”...For applications where 
high cold hardness is necessary and corrosion is 
not an Important factor. 

Hascrome ... For surfaces subjected to abrasive 
wear and severe impact. Makes a good base for sub¬ 
sequent coatings of Haynes Stellite alloys because 
it resists the mushrooming effect of Impact. 

Send for the Price List of Haynes Hard-Facing 
products. Consult the nearest District Office for 
engineering help in the use of hard-facing materials. 

Haynes Stellite Company 

Unit of Union Carbide and Carbon Corporation 

fTTIi 

General Office and Works, Kokomo, Ind. 

Chicago—Clevelud — Detroit — Houaton— Lot Aagelei—New Yoi k— 
San Franciaco—Tulaa 

The worda "Haynea”, "Stellite'*, "Haatelloy", "Hayatellite*' and 
"Haacrome" diatioguiah producta of Haynea Stellite Company. 
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Welding Structures of Hastelloy Alloys* 


By J. A. Galle^ert 


H ASTELLOY” nickel-base alloys are high- 
strength, corrosion-resistant metals used for the 
construction of chemical plant equipment that 
is subject to severe corrosion. They are being used 
gener^y for equipment handling such active chemicals 
as hydrochloric acid, sulphuric acid and oxidizing agents, 
as well as for equipment used in many organic chemical 
processes that employ corrosive catalysts, like aluminum 
chloride. 

As indicated in Table 1, Hastelloy alloys A and B con¬ 
tain molybdenum and iron in a nickel base; alloy A has 
approximately 20% molybdenum and 20% iron, and 
alloy B contains approximately 30% molyMenum and 
only 5% iron. Hastelloy alloy C, the most complex of 
the four, is mostly nickel but also contains ^proxi- 
mately 15% molybdenum, 15% chromium, 5% tung¬ 
sten and 5% iron. Hast^oy allw D is a nickel-base 
alloy containing approximately 10% silicon. 

Resistant to Many Chemicals 

The uses of these alloys are not confined to special 
chemicals. To illustrate, Hastelloy alloys A and B— 
developed primarily for corrosion resistance to hydro¬ 
chloric acid—are giving excellent service in handling 
other reducing chemicals and acid chlorides. They also 
have resistance to sulphuric acid, phosphoric acid, acetic 
acid and many corrosive organic chemicals. Alloy A is 
for relatively low-temperature applications; it is used to 
handle hydrochloric acid only to a maximum of 160° F. 
Hastelloy alloy B, however, can be used in handling all 
concentrations of hydrochloric acid at temperatures up 
to and including the boiling point. 

Alloy C has l^en used for a number of years for han¬ 
dling sulphuric acid, hydrochloric acid, mixtures of nitric 
and sulphuric acid, and especially for the many strong 
oxidizing agents such as ferric chloride, cupric chloride, 
wet chlorine gas and organic chemicals. Although this 
alloy is not so resistant to strong hydrochloric acid as the 
A and B alloys, it is more resistant to weak aerated solu¬ 
tions. 

Hastelloy alloy D is used chiefly for handling hot 
sulphuric acid, but it has good resistance to phosphoric, 
cold hydrochloric and many other acids. 

Variety of Forms Availed;>le 

All four of these Hastelloy alloys are supplied in a 
variety of forms. Alloys A and B are supplied in the 
form of hot-rolled sheet and plate; forgings; welded 
tubing; welding rod (alloy B only); wire; and castings 
such as cast pipe, fittings, and valve and pump parts. 
Because these two aUoys can be hot rolled and forged, 
they are fabricated into many kinds of equipment. 
Hastelloy alloy C is available in hot-rolled sheet and 

* presented »t tbe Junwry 19tb Meeting, Chicaigo Section, A.W.S. 
t Hnyocf Stellite Co., ChJcngo, HI. 


Table I—Principal Walding Featuraa of Hastelloy Alloys 


Hastelloy 

Alloy 

Composi¬ 
tion, % 

Weldable 

Forms 

Welding 

Process 

Principal 

Use 

Average 

Rockwell 

Hardness 

A 

Ni 

Mo-20 

Fe-20 

Cast 

0-A 

HCl 

B-92 

Wrought 
or Rolled 

(1) M-A 

(2) 0-A 

B-96 

B 

Ni 

Mo-30 

Fe-6 

Cast 

0-A 

Hot HCl 

B-95 

Wrought 
or Rolled 

(DM-A 
(2) O-A 

B-98 

C 

Ni 

Mo.15 
Cr-16 
; W-5 
' Fe.5 

. Cast 

(1) O-A 

(2) M-A 

CU [01 

B-93 

Rolled 

(1) M-A 

B-91 

D 

Ni 

Si-10 

Cu-l 

Al-1 

Cast 

O-A 

HtSOi 

C-62 


plate but cannot be supplied in forgings or hot-rolled 
bars. Hastelloy alloy D is supplied in ^e form of cast¬ 
ings only. 

Fabricated by Welding 

All of these alloys can be welded readily, and welding 
shops experienced in welding materials, such as Monel, 
stainless steel, nickel and other metals, can usually adapt 
their practices to welding Hastelloy alloys. 

For many years, practically all welding of these alloys 
was done by the oxyacetylene process. With the proper 
procedure, this process gives adequate corrosion resist¬ 
ance in the weld. The chief precautions that have to be 
taken in oxyacetylene welding all four of these alloys are 
avoiding carbon pickup and overheating. Carbon 
pickup can be minimized by using a neutral flame, taking 
care to avoid an excess of acetylene. Carbon pickup is 
particularly detrimental to Hastelloy C, because this 
alloy contains chromium and thus picks up carbon much 
more readily, increasing the corrosion rate. Because of 
the physical characteristics of Hastelloy alloy D, the oxy¬ 
acetylene process is the only suitable method for welding 
in ordinary production. 

Use of Atomic-Hydrogen Arc 

Atomic-hydrogen welding has been employed with 
these alloys very successfully and in at least one way is 
superior to oxyacetylene welding; there is no possibility 
of carbon pickup in the weld. The principal difficulty 
with the atomic-hydrogen process for these alloys, how¬ 
ever, is controlling the heat, to prevent overheating the 
weld metal and the areas adjacent to the weld. If the 
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Fig. 1—This Coil Is Beii^ Fabricated from Short Cast Sectiozu 
of Hastelloy C Pipe by Oxyacetylene Welding with a Neutral 
name 


metal is overheated, a certain amount of corrosion re¬ 
sistance is lost, particularly in the sheet adjacent to the 
weld. With proper control, however, an operator can 
produce satisfactory results by working rapidly along 
the line of the weld. 

Metallic-Arc Process Best for Alloys A, B and C 

The most satisfactory all-around welding process for 
sheet and plate of Hastelloy alloys A, B and C is the 
metallic-arc process. Electrodes of the same alloys are 
used except with Hastelloy A, for which alloy B elec¬ 
trodes are used. Problems of electrode coatings and 
welding techniques have been solved to such an extent 
with alloys B and C that coated rods that will produce 
strong, corrosion-resistant welds are now available in 
both these alloys. 

It might be mentioned in passing that all four of the 
Hastelloy alloys have also been welded recently on an 
experimental basis by both the “Heliarc” and “Union- 
melt” welding processes. The work on these types of 
welding, however, is still in the development stage, and 
although preliminary results look very promising, par¬ 
ticularly with the Heliarc method, it is too early to state 
definitdy that this type of welding will be entirely satis¬ 
factory, and further work will have to be done before 
recommendations can be made as to where this welding 
process is best adapted. 

Welding with such gases as propane and hydrogen has 
also been done on a limited scale, with but little ad¬ 
vantage, if any, over the oxyacetylene or atomic-hy- 



Fig. 2—Steel Is Readilj loined to Hastelloy Alloy C, as in These 
SteeMacketed Alloy Pipe Bends, by Oxyacetylene Welding 


drogen processes. With the straight oxy-hydrogen 
process, some difficulty has been encountered in getting 
sufficient heat to make a satisfactory joint. 

Oxyacetylene Welding A, B and C Castings 

The principal precaution required in oxyacetylene 
welding these alloys is to prevent overheating and to 
^void any pickup of carbon. 

Satisfactory oxyacetylene welds have been regularly 
obtained on cast pipe and castings of all four alloys. A 
Hastelloy alloy C coil, as illustrated in Fig. 1, is thus 
fabricated of short cast sections. A neutral flame should, 
of course, be maintained. When large castings are to be 
welded, it is necessary to preheat to a dull red heat so as 
to avoid possible cracking difficulties. On small castings 
of Hastelloy alloys A, B and C, or when making butt 
welds in pipe of these three alloys, preheating with the 
flame will generally bring the material up to a sufficient 
temperature for welding. The 2-in. flanged bends of 
alloy C illustrated in Fig. 2 were thus jacketed with 
3Vj-in. steel pipe. 

Butt welding pipe of Hastelloy alloys A, B and C by 
the oxyacetylene process can be done without the use of 



Fig. 3—Fabric&ted Alloy B PiM Is Readily Checked Prior to 
Field Assembly by Putting It Together Using Iron Spacers in 
Place of Valves 


flux, although a special flux supplied by the alloy manu¬ 
facturer sometimes facilitates the welding operation 
when used in limited quantities. Many of the ordinary 
welding fluxes on the market are unsuitable for use, since 
they may cause a definite loss of corrosion resistance in 
the weld. Figure 3 shows some typical welded pipe 
sections spaced out to check size before they are put in 
chloride service. Iron spacers have been placed where 
valves will be tied in. This alloy B tubing has all been 
oxyacetylene welded. 

The half-ton cooler inlet sleeve of alloy C, shown in 
Fig. 4, is being arc welded without preheating. In 
welding Hastelloy A, B or C castings, corrosion resist¬ 
ance is not lost unless an unnecessary amount of heat is 
applied or unless the casting is held in a critical tempera¬ 
ture range over a several-hour period. Normally it is 
not necessary to fully anneal the cast material after 
welding, but if a casting for any reason is left in the 
furnace too long at a red heat, it may be desirable 
to fully anneal by the treatment described below. 


Oxyacetylene Welding Alloy D 

The welding of Hastelloy alloy D is somewhat different 
from that for the other alloys; welding D is like welding 
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Welding A, B and C Sheet and Plate 


For the fabrication, by welding, of refinery reaction 
vessels, chemical plant autoclaves, heat exchangers, 
receivers, stills and tanks made up from sheet and plate 
of alloys A, B and C, the metallic-arc, atomic-hydrogen 
and oxyacetylene processes have all been used. From 
the standpoint of speed, however, the metallic-arc 
process is preferable. These alloys flow very well under 
the metallic arc, and form a good-looking weld with a 


Fig. 5—^HasteUoy D Is Always Oxyacetylene Welded. Here a 
Range Is Being Welded to a Tank Outlet After Preheating 
with the Flame 


cast iron. Actually, the physical properties of these two 
metals are very similar, and their melting points are close 
together, that of cast iron being approximately 2190° F. 
and that of Hastelloy D, 2060° F. Molten alloy D, like 
cast iron, is quite fluid so that a welding operator who 
knows how to weld cast iron should have little difficulty 
in following the few set rules which should be applied 
when welding Hastelloy alloy D. 

Preheating, to prevent cracking, is most important. 
All castings of Hastelloy D should be preheated to a 
temperature of approximately 1400° F., and arrange¬ 
ments should be made to keep the alloy at an even 
temperature throughout the welding operation. Small 


Fig. 6—This Large leomeriiatioii Veteel Lined with Hastelloy 
Alloy B Is Ready for Shipment, Having Passed All Necessary 
HydranUc Tests 
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Fig. 4—Arc Welding of a 1000-Lb. Cast Cooler Inlet Sleeve of 
Hastelloy Alloy C Has No Effect on Its Final Corrosion Re¬ 
sistance 


pieces such as the flange (shown in Fig. 5), which is 
being welded to a tank outlet, can be welded by preheat¬ 
ing locally with the oxyacetylene flame. Recently, pipe 
of alloy D up to 3 in. in diameter has been welded by 
using two oxyacetylene welding blowpipes, one maintain¬ 
ing the heat while the other one does the welding. Pipe 
larger than 3 in. in diameter, however, should be welded 
in a preheating furnace. In welding 6-in. pipe, for in¬ 
stance, it is often found desirable to build the furnace 
around V-blocks so that it surrounds the pipe and extends 
about 5 in. on either side of the joint. Any kind of a 
burner—kerosene, gasoline or gas—can be used so long 
as the pipe is preheated slowly at first. 

The furnace should, for convenience, be arranged so 
that welding is done at the top. In preheating, the 
flame should not be applied directly to the castings at 
first. The heat should be indirect and dow until the 
castings reach approximately 800° F., at which point 
they can be heated much faster. >^en they have 
reached a temperature of approximately 1400° F., 
welding can be started. Because the molten alloy is 
quite fluid and difficult to weld vertically, it is good 
practice to weld about 2 in. of linear joint at a time, to 
allow time for the weld metal to solidify, and then weld 
another 2 in. If the operator tries to weld this alloy 
continuously, as if it were steel, the metal may become 
too hot, and its high fluidity may cause complete lack of 
control. It may ^so become gassy, causing porosity in 
the weld. 

When welding has been completed, the preheating 
burner should be left on until the casting is evenly 
heated throughout the welded joint. The burner can 
then be turned off and the welded part left in the furnace 
to cool slowly. Small pieces, such as pipe, which are not 
welded in a preheating furnace, should be buried in some 
substance such as lime, sand or ashes to keep the air from 
reaching the weld so that it does not cool too rapidly. 
If such care is not taken—just as with cast iron—cracking 
is likely to occur. 




Fig. 7—(Left) a Welded Alloy B Liner, and (Right) the Steel 
lacket for a lOC^Gal. Tank. Such Separate Fabrication with 
Later AMmbly by Welding Is Satisfactory if Hydraulic 
Pressures Are Not High 


nice cover bead and excellent penetration. In welding 
with the metallic arc, using reversed polarity on a 
coated rod, all three alloys flow freely and are likely to 
be more fluid than under the atomic-hydrogen arc or 
the acetylene flame. 

Weld tension tests made on Hastelloy alloy B have 
shown that the metallic-arc process gives greater strength 
than the atomic-hydrogen process. In one example, 
welds made on this alloy with the atomic-hydrogen 
process show ultimate strengths of from 91,()(X) to 
97,000 psi. With the metallic-arc process, similar welds 
showed strengths of between 115,0(X) and 122,000 psi. 
In both series of tests, the specimens broke in the welds, 
and in the specimens welded by the atomic-hydrogen 
process the weld metal showed a very fine grain struc¬ 
ture. Free-bend tests for elongation of the weld metal 
showed a maximum of 21% elon'gation on the specimen 
welded by the atomic-hydrogen process and 22 to 28% 
on the specimen that was metallic-arc welded. 

As with steel, beveling is desirable when welding heavy 
plate of alloys A, B or C. It is usually preferable to use 
two fillets, and a double-vee weld is desirable where 
welding from both sides is possible. If welding can be 
done from only one side—as in the fabrication of most 
pipe—a large vee weld should be made with two passes. 
The first pass with a small rod can fill the bottom of the 
bevel and obtain the required penetration, and the 
second pass with a large rod can build up the groove and 
complete the weld. In making double-pass welds, 
particular attention must be given to cleaning the flux 
out of the groove before making the second pass. Peen- 
ing the welded deposit is not desirable because these ma¬ 
terials work harden. • 

Precipitation occurs in the sheet adjacent to the weld if 
the me^ is held for any length of time within a critical 
temperature range. This is most noticeable in alloy A, 
alloys B and C ^ing quite stable. The effect is similar 
to that obtained when welding unstabilized stainless 
steel. In arc welding Hastelloy alloys, it is recommended 
that the welding be done rapidly and with as little cur¬ 
rent as possible; also, that the arc be choked short and 
the electrode be worked away from the molten puddle. 

If for any reason the metal in a single-vee weld be¬ 
comes so fluid that it causes beads to form on the inside 



Fig. 8—This Isomerization Tower Head, Lined with Trapezoidal 
Alloy B Sheets Plug Welded Into Place with Alloy B Electrodes, 
Is 4 Ft. 8 In. in Diameter 



Fig. 9—This Lower Half of One of the Early Isomerisation 
Vessels I^ed by Plug Welding with Alloy A Is 36 Ft. 
Long aM 6 Ft. in Diameter 


Fig. 10—Tacking Was Eliminated by Using the Fixture Shown Here 
to Hold the Strips Tight Against the Shell 
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of scam welds, it may be desirable to employ copper 
backing-up strips cut with a small groove that allows 
weld met^ to flow through the joint and form a small 
reinforcing bead on the inside. This is most likely to 
occur during welding of material of the lighter gages, 
say, up to Vs in. or 11 B.w.g. thickness. If the chill bar 
is too thick and gives too much of the chilling effect, it 
may fail to meet its intended purpose. 

In one case a double heat exchanger was completely 
fabricated of 16 B.w.g. sheet. Each of these has 206 
tubes, and the tubes, sheets and shell are all of Hastelloy 
C. They are 10 ft. long. 

Porosity in the weld metal is generally a result of over¬ 
heating, but it is not usually a problem if the precautions 
mentioned are taken. When porosity is encountered 
after the arc has been started, sticking the rod to heat it 

fig. 11—A Strip-Welded Tower Head, Lined with Narrow 
Alloy Sheeti 


Fig. 12—For T.ining the Conical Bottoms of Isomerisation 
Towers, Alloy Strips Are Applied Parallel to the Length ol the 

Vessel 


Fig. 13—Trapexoidal Alloy Sheets Tack Welded in an bom- 
eriiation Vessel Head Preparatory to Strip Welding 


Fig. 14—A Close-Up of Three-Pass Strip Welds. The First 
Two Fillet Welds Are Left About ^/u-In. Apart to Permit the 
Final Bead to Penetrate Are Steel Base 

before again starting the arc will eliminate this trouble. 
It is also desirable to use rods dried in a drying oven to 
eliminate any possible moisture pickup in the coating 
from atmospheric conditions. 

Wrought alloys A, B and especially C are not so stable 
as the cast alloys. If the metal alongside the weld is 
kept in the hardening temperature range for an appre¬ 
ciable time, cracking troubles may occur. In addition, 
the hardened area of any of the t^ee alloys may be less 
corrosion resistant. To overcome these difficulties it is 
sometimes necessary to give the welded part a full or a 
stabilizing anneal. If annealing is not feasible, the sheet 
should be purchased in the stabilized condition. The 
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stabilized sheets are not so ductile as fully annealed 
sheets, however, and consequently they should be used 
only when severe forming operations are not required. 

Linin g with AUoys A and 6 

The price of these alloys often makes them impractical 
for use in solid construction of large vessels or high- 
pressure equipment but they can be used economic^ly 
for linings. During the past two years considerable 
lining work has been done with Hastelloy alloys A and B, 
and a number of different practices have been developed 
for installing leaktight, corrosion-resistant liners. Liners 
have been installed in vessels as large as 7 ft. in diameter 
and 90 ft. high, and operating under pressures as high as 
250 psi. The vessel illustrated in Fig. 6 is 7 ft. in 
diameter and 63 ft. long. It is completely lined with 
strips of 12 B.w.g. sheet of alloy B. 

In the lining work several procedures have been 
adapted, all of which have some merits and some limita¬ 
tions. It is not the author's intention to pass judgment 
on the different welding procedures employed for in¬ 
stalling liners. Instead, we prefer to point out all the 
different practices that have been used, so that fabri¬ 
cators and plant designers can decide for themselves 
which type seems best for the equipment involved. 

In the early development work on the installation of 
liners, no satisfactory arc-welding rod was available, 
and to overcome this lack quite a lot of work was done 
with the atomic-hydrogen welding process. The heat 
of this process often resulted in cracking troubles in the 
sheet and welds, and the corrosion resistance of the sheet 
adjacent to the weld was so adversely affected by the 
heat of the arc that attention was turned to other proc¬ 
esses. 

On small lined jobs, the practice was first to weld the 
liner together, as shown on the left side of Fig. 7. Then 
it was placed in the steel jacket and welded all around 
the edges. Although this method was satisfactory for 
small equipment such as the 100-gal. tank illustrated— 
to be lined with ®/i6-in. sheet of alloy B—it is not satis¬ 
factory for the large vessels needed for the high-octane 
gasoline program. 

Liners First Plug Welded 

One of the earliest successful methods used in installing 
liners was the plug-welding process. Early in the high- 
octane gasoline program, some liners were installed in 
new isomerization towers before final assembly. When 
this was done, the largest sheets within mill limits could 
be used. Usually, however, linings had to be put in 
completed steel vessels after they were already in use. 
Of necessity, the size of the sheets then used was limited 
by the size of the manway. These sheets varied from 14 
to 20 in. in width, depending upon the individual vessel, 
and all the sheets were preformed to the curvature of the 
vessel. For plug welding, some were perforated with 
slots V 4 in. wide and 1 in. long, and others were drilled 
with or */ 4 ’in. diameter holes, the slots or perfora¬ 
tions being spaced from 4 to 6 in. apart. The sheets 
were installed longitudinally and were plug welded to the 
steel and fillet welded around the edges. 

Heads were lined, using trapezoidal sheets approxi¬ 
mately 4 in. wide on the large base and 1 in. wide on the 
small base, and varying in length depending upon the 
size of the head. The head shown in Fig. 8 was plug 
welded in this manner, using alloy A sheet 0.075 in. 
thick and alloy B electrodes. It has a diameter of 4 ft. 
8 in. and is being used on a vessel 70 ft. high. The 
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nozzles were lined with cylinders rolled from sheet, i 
serted in the nozzle and welded to the nozzle at each et 
The faces of the flanges were covered with a HasteU 
alloy ring either cast or cut from sheet. 

Considerable work was done in attempting to li 
these vessels in position—welding the liners in the field 
but without success. While some position welding c 
be done with these alloys, using the metallic-arc proce 
welding large installations in position is difficult since t 
present rods in both alloys B and C are too fluid : 
satisfactory results. Work is being done on develop! 
a more satisfactory rod for position welding. 

Because of this fluidity, tanks or towers already 
service must be taken down, so that the welds can 
made in a downhand position. 

Field welding was just a stopgap—necessary in 1 


Fig. 15—Final ABsembly of the Bottom of Each Tower laclndi 
Welding the Hastelloy Alloy Baffle Plate in Place and t-inin 
the Outlet 



Fig. 16—Tumbucklee Are Used Here to Hold the Sheet T 
Againat the Shell During the Lap Welding 


THE WELDING JOURNAL 


rrea dv CjOOQ Ic 




hg. 17—A Completed Isomerization Tower Ready lor Shipment After Having Passed the Stringent Hydro¬ 
static and Ammonia-hydrogen Chloride Tests 



’ part of the high-octane gasoline program only be- 
s steel equipment proved unable to withstand the 

S ‘ a of the chemicals involved, and something had 
me quickly. Those concerns that ordered lined 
fcdirect from the fabricators gave the fabricators a 

I imity to apply their best techniques. 

concern that had had long experience with 
n of these alloys was first called upon to 
. linings in the lower sections of new vessels, 
is ran from 15 to 20 ft. high. They em- 
iv.g. sheet perforated wth Vs-in. diameter 
sart. These sheets were formed as closely 
I the inner contour of the vessel and held 
the wall of the vessel with jacks during 
Jif. The welds were made in two passes, the first 
iix-coated B electrodes by the metallic-arc process, 
k second with bare rod by the atomic-hydrogen 
k The initial pass tied the alloy sheets to the 
the second pass assured a sound dcpr;sit on the 
Bo be exposed to the chemicals. The plug welds, 
consisted mainly of filling the perforations. 
Btaam welds, the sheets were spaced ®/i« in. apart 
■soove filled. 


After this type of welding, each vessel was stress re¬ 
lieved at between 1100 and 1200° F. Then two test 
holes were drilled in the steel shell under each alloy sheet, 
so the liner could be tested by 15 psi. air pressure. If 
the lined sections were all right, they were sent to other 
fabricators, who welded them to the steel upper section, 
and installed cast nozzles by projecting them directly 
through the lined steel wall, and welding them to the 
lining on the inside and to the steel on the outside. 
Manways were lined with sheet in the same manner as 
the main vessel. 

Following this, some vessels were lined with 14 B.w.g. 
Hastelloy alloy A sheet, plug welded with Hastclhjy C 
rod. This rod had better welding characteristics than 
the alloy B rod then available and the combination 
passed the tests for satisfactory corrosion rates. 

Alloy B Now Usad for Linings 

Just ab(»ut this time, a new coated B rod was developed 
for metallic-arc welding. This did away with the need 
for making a cover weld with the atomic-hydrogen are 


Third Method of Lining—Realatanco Wolding— Fig. 19—This 70-Ft. Isomerization Vessol Has Been Lined with 
Hst Been Applied to This Conical Tower Bottom Hastelloy Alloy A by the Besistance-Welding Proce ss 
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fig. 20—Theoe Axe Some of the Techniques Developed by 
Fabricators of Hastelloy AUm from Their Experiences of the 
Past Two Tears 

and resulted in porosity-free welds. At about the same 
time most of the oil refineries decided to use alloy B sheet 
in place of alloy A, and it was also found best to have the 
complete area of the interior of these vessels lined. 

Accordingly, over 40 of these large vessels have been 
built and some of the first have now been in service over 
two years. Plug welding has been used by several 
fabricators, and experience in this type of work has 
shown that a few tricks of the trade are all that is neces¬ 
sary to produce a satisfactory job. The vessel interior 


shown in Fig. 9 was one of the first that was successfully 
lined with alloy B. It is plug welded. The section 
shown, 6 ft. in diameter and 36 ft. long, is actually the 
lower half of a tower. 

The linings must fit tightly to the steel case. To 
assure this, the lining is held in position with shoes or 
supports to prevent the heat of welding from warping the 
liner away from the base metal. Generally, the sheets 
are fitted in place and held with shoes. As an addi¬ 
tional precaution, they are tack welded in place before 
plug or seam welding. In the early plug-welded con¬ 
struction, some contraction and warpage of the lining 
was encountered. The warpage caused a few linings to 
pull loose from their steel backings. This, of course, was 
due to the large size of sheets employed and the resultant 
increase in stress. 

In one instance, a fabricator corrected this trouble by 
corrugating the sheet between the longitudinal rows of 
plug welds to allow sufficient slack to provide for the 
contraction of the welds. This did not, of course, correct 
longitudinal shrinkage, but the longitudinal effect could 
be offset somewhat by starting the welding at the center 
of the sheet and working toward the ends. The cor¬ 
rugations of the welded sheets were then hammered out 
with a flatter. This practice resulted in some work 
hardening of the material diuing the flattening operation. 
Although such work hardening would be undesirable in 
the most severe type of corrosive service, it was not great 
enough in this instance to spoil the linings for the high- 
octane gasoline service, and the liners did not draw away 
from the shells. 

Strip Welding Developed 

Strip welding was the second process employed for in¬ 
stalling these big linings. In this process, narrow 
sheets—varying in widths from 4 to 6 in.—are welded 
all along the edges directly to the steel shell. With this 
practice, it is usually easier to hold the liner tight to the 
steel. Figure 10 shows a section of a 7-ft. 6-in. diameter 
vessel partially lined with 12-gage Hastelloy alloy B, 
and the fixture used to hold the strips tight against the 








Fig. 21—Application of Hastelloy Alloy B as a Corrosion- Fig. 22—Coating a Valve Plug with Alloy B. Such Corrosion- 

Resistant Stt^cing to Parts Such as Used Steel Valves Is Resistant Surfacina Is an Economic^ Method cd Reclaiming 

Readily Made by the Ozyacetylene Process Used Refinery Equipment 
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shell. It was later found that tacking could be elimi¬ 
nated through the use of this fixture. Figure 11 shows a 
head so lined by strip welding. The principal problem 
here had to do with the best procedure for maldng the 
seam welds. On the plug-welded jobs, most had a two- 
pass weld on the seam, with the individual sheets placed 
so that the longer edge was parallel to the height of the 
vessel, and spaced close together. A number were, how¬ 
ever, done in three passes. 

For strip welding the conical bottoms, the strips are 
applied parallel to the length of the ves^ as shown in 
Fig. 12. In -the main section of the vessel, however, 
they were applied with the long dimension running cir- 
cui^erentiaUy, The latter method has been more 
successful. 

In lining up the strips the vertical joints are staggered 
and the strips must be exactly parallel and follow the 
true circumferences of the vessel as shown here. As 
soon as the lining strips are fitted snugly in the vessel, 
they are tacked in place with a sufficient number of tack 
welds to keep the liner tight against the steel while the 
final weld is being made. The tacks are visible near the 
welding operators in this view. Lining the conical or 
dished heads is done in the same manner, as can be seen 
in Fig. 13 where the trapezoidal plates are shown tacked 
in the head of the vessel. 

In making the strip welds all welding is done in a 
downhand position. For two-pass strip welding, the 
spacing is approximately Vw to V 4 in. between the strips. 
This method puts less heat into the sheet metal adjacent 
to the weld and also does not require so much welding 
rod as the three-pass method. On bursting tests of 
sheet welded to heavy steel plate, the strength of the 
two-pass welds was somewhat stronger than that of the 
three-pass welds, which is probably accounted for by the 
fact that there is less heat applied to the sheet and there¬ 
fore less hardening of the weld-affected zone. 

For three-pass welding, the strips are spaced */8 to 
Vu in. apart, so that a fillet can 1^ made between the 
^ge of each sheet and the base metal, and then a filler 
pass made over both fillet welds. A close-up of such a 
weld is shown in Fig. 14. The spacing between the 
bottom of the two original fillet wdds should be about 
Vm in. to permit the final fill-in weld metal to fuse to the 
steel base metal. The fill-in weld is, of course, made only 
after the adjacent fillet welds have been thoroughly 
cleaned and checked for defects, such as porosity, lack of 
fusion or liner cracks. Figure 15 is a view toward the 
bottom of one of the lined vessels showing the baffle in 
place and an outlet at the lower left. Figure 16 shows a 
view of a lap-welded section of a 4-ft. dimeter by 40-ft. 
long vessel that had been lined with 14-gage Hastelloy 
alloy A strips 6 in. wide. Note the ingenious use of turn- 
buckles to keep the sheet tight against the steel shell 
during welding. 

Test Procedures Point Way to Improved Technique 

In both plug and strip welding, porosity and cracks in 
the welds occasionally caused difficulty. Testing for 
leaks also gave some difficulty, especially when they 
occurred between the liner and the steel, since it was fre¬ 
quently possible to check for leaks on the lined sections 
with air pressures as low as 15 to 30 psi. This low air 
pressure would not reveal leaks that might occur if the 
equipment were subjected to 500 to 750 psi. hydrostatic 
pressure. The size of the problem is evident from Fig. 
17, a view of a completed vessel. A more sensitive test 
has thus been developed wherein hydrogen chloride gas 
is pumped under 5 to 10 psi. pressure between the liner 
and the steel. The inside of the vessel is then swabbed 



Fig. 23—Various Valve Parts Reclaimed bv Corrosion-Resistant 
Suttocing with Welded-On Coatings ol Hastelloy Alloy B 


with ammonia, which produces a white cloud at the 
point of leakage. This test seems to be much more 
sensitive than ^e usual air and soapsuds test. 

As a result of the hydrogen chloride-ammonia test and 
the high hydrostatic pressure tests, a number of ad¬ 
vantageous precautions were discovered for the seam¬ 
welding procedmes for alloy B rod used on the edges of 
sheets applied by both the plug and strip methods. It 
was again emphasized that the steel should be thor¬ 
oughly cleaned and the Hastelloy alloy strips have to be 
held very tightly against it, not only to produce a tight 
job, but also to dissipate the heat from welding more 
rapidly. It was found that a short arc was best for pro¬ 
ducing the lowest possible heat. In fact, a current of 
only 90 amp. at 25 volts should be used with the Vst-in. 
diameter rod, and 120 amp. at 27 volts is sufficient for the 
Vs-in. rod. To minimize the heat further, the rod or 
riectrode must be directed almost entirely onto the steel 
plate and only the edge of the arc should burn into the 
Hastelloy alloy sheet or strip. 

Resistance Welding Also Satisfactory 

Development work on the third method of lining 
vessels—with resistance welding—^has now progressed 
to such a point that alloy A is now being applied to steel 
vessels in much the same way as stainless steel is used for 
lining. Figures 18 and 19 show a resistance-welded bot¬ 
tom cone and a 70-ft. vessel completely lined with alloy 
A by this proce^. The resistance-welding process now 
produces very satisfactory linings of Hastelloy alloy A 
even in such big units as that shown in Fig. 19. 

Little has been said in this discussion about lining 
vessels with alloy C, but such work as has been done with 
this alloy would indicate that it can probably be handled 
as readily as the other two alloys, and by more or less the 
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Iig. 24—This Liner for a 1200<Gal. Autoclave Was Fabricated 
of V 4 *lxt- Thick Hastelloy Alloy Plate, Then Fully Annealed 


same techniques. Increased experience in lining vessels 
lined with alloy C will certainly iron out any difficulties. 

So much experience has been gained in handling 
Hastelloy alloys in the past two years that the fabricators 
working with them now have their techniques well 
developed. Several of these are indicated in Fig. 20. 
The first method indicated is a three-pass "weld, two 
fillet welds attaching the strips to the shell, with a third 
pass completely covering the two fillet welds. This 
cover bead has been found very advisable as some ex¬ 
posed fillet welds have been attacked, due to iron pickup. 
Number 2 is the originally recommended three-pass 
seam weld, show'ing how the uncovered fillet welds with 
high iron content could be corroded through to the 
shell; Nos. 3 and 4 show two types of double-pass seam 
welds; No. 5 shows shingle-welded seam; No. G shows 
lap-welded seam. 

Because of the growing demand for equipment of 
Hastelloy alloys in the chemical industry, other fabri¬ 
cators will undoubtedly enter the business. 

Welded Linings Applied to Valves 

Although sheet has been used for lining many large 


pieces of equipment, welded facings are being used for 
smaller parts, such as valves. Many hundreds of valves 
have been salvaged since the start of the war for one 
particular service requiring an alloy resistant to hydro¬ 
chloric acid and aluminum chloride. If care is taken to 
get a clean surface on the steel valves, the port, throat, 
seat and plug can all be coated with Hastelloy C or 
Hastelloy B using either the oxyacetylene or the metallic- 
arc process. Dependent upon the type of steel being 
employed for the base metal, preheating to from 600 to 
12C)0° F. is necessary, and the parts being coated should 
be kept at temperature all during the welding period. 
Of course, on the larger valves maintaining an even 
temperature in the neighborhood of 1000° F. is essential 
to avoid cracking the deposit. Proper jigs are also ad¬ 
visable so that all welding can be done in the down-hand 
position. After coating, the parts are cooled in still 
air. Valve parts thus coated (Figs. 21, 22 and 23) have 
demonstrated excellent economies in service. 


Anneals Maintain Corrosion Resistance 

Since full corrosion resistance is developed after weld¬ 
ing only by heat treatment, a word should be said about 
the heat treatments for these alloys. Heat treatment is 
not necessary, of course, when the equipment is to be 
exposed only to mild forms of corrosion. But where 
corrosion is a particular problem—and it is for that sort 
of service that Hastelloy alloys are especially efficient— 
heat treatment is usually necessary even if the equip¬ 
ment is large. An example of this is the liner for a 1200- 
gal. autoclave (see Fig. 24) which was welded of Vrin. 
plate and then fully annealed. 

Only two of the standard heat treatments will be 
mentioned. They are called the “full anneal” and the 
“stabilizing anneal." All Hastelloy alloy A, B and C 
sheet and plate is furnished in the fully annealed state 
unless otherwise specified. This anneal produces soft¬ 
ness, toughness, machinability and high corrosion re¬ 
sistance. On Hastelloy alloys A and B a “full anneal” 
consists of holding at a temperature of 2100 to 2150° F. 
for 20 min. to 1 Va br., depending upon the thickness, and 
cooling rapidly in air or quenching heavy sections in 
water. For Hastelloy alloy C, the temperature is a 
little higher—2200 to 2225° F.—for 2 to 3 hr. according 
to the section, and rapid air cooling is used. Such a 
treatment is similar to the softening of austenitic steels— 
namely, holding at heat and then cooling rapidly. 

The stabilizing anneal is frequently used before weld¬ 
ing A, B or C sheet to prevent deterioration adjacent to 
welds, when heat treatment after welding is not practical. 
It is also used after welding to reduce the loss of corro¬ 
sion resistance and toughness that may result from ex¬ 
posure of a part of the welded structure to temperatures 
between 1200 and 1900° F. This treatment is most 
eflfective when preceded by the full anneal. For alloys 
A and B, it consists of holding for 2 to 4 hr. at a tempera¬ 
ture between 1925 and 1950° F. and air cooling. Alloy 
C should be held for the same time at the higher tem¬ 
perature of 2050 to 2075° F. and also cooled in air. 

In conclusion, any competent welding operator can 
become proficient in welding these alloys, and by taking 
advantage of the experience already gained in the work 
described he can turn out a job that will measure up to 
the most exacting standards. 
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The Restriction of E6012 Electrodes* 


By Omer Blodgett^ 


I N THE earlier days of electric welding when it was 
difficult to make a strong weld using bare electrodes, 
the thought uppermost in our minds was strength. 
Can we make this joint as strong or stronger than the 
base metal ? This thought was also a carry-over from the 
riveting practice wherein the joints were always weaker 
than the base plate because of the rivet holes cut in the 
plate. We came to accept the fact that the joint was 
weaker than the remaining plate, and we designed our 
structures accordingly. We were always striving to 
make welds which had a strength greater than the base 
plate; later coated electrodes were developed which gave 
greater strength and soon good welders were able to make 
a welded joint, which when pulled transverse to the weld 
would fail outside of the weld. We had reached what 
some thought was the final goal in welding. Most of us 
labored then under a false illusion that the only require¬ 
ment of a good weld was that it have greater strength 
than the base metal. This period in welding could be 
called the age of strength, because that was the belief at 
that time. 

Just a few years ago, some men began to question this. 
They found tihat these welded joints when pulled, broke 
outside of the weld not because the weld had a higher 
strength, but because it had a higher yield point, see 
Figs. 1 and 3. When the joint was pulled, the base 
metal near the weld underwent plastic flow or elongated 
before the weld, because its yield point was reached first. 
Because of this elongation, the base metal reduced in 
cross-sectional area much more than the weld. Now 
the weld and the base metal are subject to the same load, 
but because the base metal now has less cross-sectional 
area, it has a higher unit load or stress. This higher 
stress in turn causes more elongation and reduction in 
area of the base metal; finally this material breaks out¬ 
side of the weld. After the base metal once starts to 
reduce in area, the weld itself is safe, because now it has a 
larger cross-sectional area than the base metal, resulting 

* Presented before the Minneapolis Engineering Club, Minneapolis, Minn., 
March 19. 1944. 

t Welding Superintendent, The Globe Shipbuilding Co., Superior, Wis. 
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in lower unit stress. It was some time before the welding 
industry accepted this newer idea. To give further 
proof, these welded butt joints were pulled longitudinally 
with the weld. Elongation values taken showed that, in 
general, the weld metal had slightly lower ductility 
than the base metal. When these specimens were pulled, 
the weld metal having a higher yield point could not 
stretch as much as the more ductile base metal and 
therefore broke first; the crack then spread across the 
specimen. Fig. 2. We came to accept this idea that a 
good weld must have ductility in addition to strength, 
and this may be termed the age of ductility in welding. 
We are still in this period of ductility and perhaps will 
never quite get out of it. 

Ductility is still very important in good welding prac¬ 
tice, but in some cases we are overdoing the extent to 
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Fig. 4 


which ductility should be emphasized. Let us consider 
the stress-strain diagram of mild steel and see just what 
happened when a piece of steel is stressed, Fig. 3. We 
notice when a load is placed on the steel it elongates, 
this elongation or strain being proportional to the stress 
applied, providing this does not exceed the elastic limit. 
This is in accordance with Hooke’s law and represents 
the regional between points A and B. If the loading is 
removed the metal will come back to its original length 
at point A. If the loading is continued above point B 
we find that the metal undergoes plastic flow, and during 
this time the stress does not increase much. If the load 
were removed here at point C we would drop back along 
the line CD and arrive at point D, which shows us that 
the metal now has a permanent set which is represented 
by the distance AD. 

Now suppose we have a plate which contains a locked- 
up stress of perhaps 50,000 psi., representing in this 
case a deformation taking it beyond its practical useful¬ 
ness. This is represented by the point E on the stress- 
strain curve. We find from this diagram that if this 
stress were removed, the metal would contract 0.0017 in. 
per inch or a contraction of 0.17%, and would come back 
to point F. This contraction is represented by the dis¬ 
tance FG. This value can be computed by dividing the 
stress of 50,000 psi. by the modulus of elasticity which is 
30,000,000 psi. and gives us a 0.0017 in. per inch. The 
line EF along which the contraction took place while the 
load was reduced is parallel to line AB which is our 
modulus of elasticity for the steel. In other words, re¬ 
gardless of the load applied or the amount of elongation 
^ready taken place, it only takes a very minute yielding 
to bring the steel down to zero stress. With this locked- 
up stress of say 50,000 psi., we need a yield of only 
0.17% in the adjacent metal in order to diminate this 
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stress. If we were making welded joints which would 
have to be formed or be severely bent, then it would be 
necessary that the weld have an elongation of perhaps 20 
to 30%, depending upon the amount of deforming neces¬ 
sary. However, in ship construction we are not de¬ 
signing for such severe movement. We need only a weld 
having sufficient size to withstand a certain load and with 
sufficient ductility to yield in order to relieve any internal 
stress. Who is going to say then that the weld metal 
must have a minimum elongation of 22%, or that weld 
metal with 17% elongation, such as the E6012 electrodes 
is not sufficient? I do not mean that 0.2% elongation 
is sufficient for weld metal, but under the conditions 
mentioned, weld metal capable of 17% is more than 
sufficient. 

There are some who understand that under certain 
conditions of loading such as multiaxial stresses or stresses 
in more than one direction, it is difficult for metals to 
elongate, and therefore they may fail in a brittle manner, 
but they erroneously believe that this is more reason for 
the metal to have higher ductility. This is not true; 
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a metal under this severe condition of multiaxial stresses 
will fail whether it has good ductility or poor ductility. 
Figure 4 is a tension specimen of a piece of shell plate 
wffich under multiaxial stresses on the ship cracked in a 
brittle manner, and yet when this specimen was later 
pulled, it showed the metal to have an elongation of 
48% in 2 in. One could not ask for a more ductile 
metal, and yet it failed in a most brittle manner on the 
ship. 

Any force applied to a metal may be resolved into two 
components, a normal stress and a shearing stress. Fig. 5. 
The normal stress may be tensile or compressive and 
tends to separate or compress the atoms across a plane 
of the metal. The shearing stress tends to shear or 
cause the atoms of iron to slide past each other along 
this plane. The normal stress tends to cause the metal 
to fail by pulling apart, while the shearing stress causes a 
sliding action which results in a plastic flow. 

We have seen that this normal stress in no way allows 
the metal to flow in a plastic manner; when it exceeds 
the tensile strength of the metal it causes failure in a 
brittle manner. On the other hand, the shearing stress 
component of the loading causes the metal to slip along 
slip planes and results in plastic flowing of the metal, Fig. 
6. WTien slip does occur along a slip plane, a certain 
resistance to further slip along this plane is set up so that 
slip must occur along the other slip planes. This is 
called strain hardening or work hardening and since this 
resistance for further slip is set up, it therefore requires a 
higher stress to cause further slip; in other words, its 
strength increases. This slip, resulting in plastic flow, 
continues until the increasing load which causes the slip 
now is built up to the value of the maximum tensile 
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strength or ultimate strength of the metal at which time 
failure occurs. 

In a simple loading of a metal specimen, the maximum 
normal or tensile stress acts on a plane at right angles to 
the Une of loading; the maximum shearing stress re¬ 
sulting from the same load acts along a plane at 45*^ to 
the line of loading. This is shown in the drawing on the 
right-hand side of Fig. 7. It can be shown mathe¬ 
matically in this example of loading that the maximum 
shearing stress has a value of one-half of the loading 
stress, and the maximum normal stress has a value equ^ 
to the loading stress. 

Consider for a moment this piece of metal subjected to 
tension in one direction only. We may take a small 
square of the metal and rotate it, and study the corre¬ 
sponding stresses which this small area is subjected to at 
these various angles. We notice when the angle of the 
reference plane is zero, that is, at right angles to the line 
of loading, that the plane is subjected to pure tension 
and no shear, the ten^e stress being equal to the loading 
stress. If this plane is rotated 45^ we obtain our maxi¬ 
mum shearing stress which happens to be equal to one- 
half of the loading stress. This can also be shown 
^aphically by means of Mohr’s circle of stress which is 
in the left-hand side of the drawing. Here the maximum 
normal stress on a plane at right angles to the line of 
loading, or angle 0®, is represented by the point A on the 
X axis; the maximum normal stress on the plane in the 
line of loading or 90° which in this case of pure tension 
is zero, is represented by the point B at the center of the 
ordinates. With these two points a circle is drawn 
with center at C which is halfway between points A and 
B. Through this center C we pass a reference plane and 

Fig. 7 




Fig. 8 


rotate it through any angle. This plane corresponds 
to the same plane in the metal, the only difference being 
that its angle of rotation is just twice that of the plane in 
the metal. In other words, if we rotate the plane in the 
metal through an angle of 45° to find the ^ue of the 
maximum shearing stress, we must rotate the plane in the 
circle of stress through an angle of 90°. When we do this 
we find the value to be point D on the circle which hap¬ 
pens to be one-half of the value of the maximum normal 
stress at point A. 

Now we will tabulate the resulting maximum normal 
stresses and the maximum shearing stresses according to 
increasing values of load applied, keeping in mind that 
this met^ has a definite tensile str^g^ or ultimate 
strength, and that shearing stresses applied to the metal 
cause it to flow in a plastic manner as a result of slippage 
along numerous slip planes. In every type of loading 
there is a certain relationship existing between the shear¬ 
ing stress component and the normal stress component 
of the loading. This relationship for a particular type 
of loading is constant throughout the entire range of 
loading and is represented by a line, the slope of which is 
determined by this relationship. The shearing stress 
component is represented by the vertical axis, and the 
normal stress component by the hori^ntal axis. In this 
case the shearing stress component is always equal to 
one-half of the normal stress compon^t, which is repre¬ 
sented by the line A in Fig. 8. For Wiy value of the 
load, we may read the normal stress cdjnponent or read 
the shearing stress component. .As the load is increased 
these two components will increase proportionally. For 
eveiy metal there are certain maximum or critical values 
for the shearing stress and the normal stress. When the 
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Fig. 10 


E8012 ELECTRODES 


1948 


Digitized by LnOOQle 


653 





critical shearing stress is exceeded, plastic flow takes 
place; when the critical normal stress is exceeded, frac¬ 
ture takes place. As the load is increased elongation in 
the form of elastic action takes place. As the load is 
further increased the shearing stress component and the 
noimal stress component likewise increase until the 
shearing stress component exceeds its critical value and 
plastic flow takes place resulting in much elongation. 
Slip along numerous slip planes takes place resulting in a 
gradual necking down of the specimen and equally as 
important, an increasing of the metal’s resistance to 
shearing or its shearing strength. If this strain harden¬ 
ing did not take place, slip would merely result in the 
specimen quickly flowing out to a knife edge and failing 
immediately widiout any appreciable increase in strength, 
but because of a strain hardening, we are able to continue 
the loading. This loading can be further increased, re¬ 
sulting in further plastic flow or elongation until finally 
the critical value of the normal stress is reached at which 
time failure occurs. 

Consider now the case of a metal subjected to tension 
in one direction and compression in the other, or at right 
angles, in Fig. 9. Point A in Mohr’s circle of stress 
represents the tensile stress at zero angle. Point B 
represents the compressive stress at 90°. Both of these 
are the normal stresses. Point B lies on the other side 
of the Y axis since it is compression and its value is 
negative. When the circle is drawn we find that the 
maximum shearing stress is on a plane at 90° whi(di 
corresponds to the plane in the metal at 45°. Its value 
in this case is equal to the maximum normal stress. 
From line B of Fig. 8 we notice in this case that the yield 
point or critical shearing strength is reached first and 
that a great amoimt of elongation takes place before the 
corresponding normal stress is brought up to the ultimate 
strength or critical normal stress of the metal at which 
time failure occurs. 

Now consider the case of a metal subjected to tension 
in two directions at right angles, in Fig. 10. This repre¬ 
sents some of our so-cdled brittle failures which have oc¬ 
curred in welded ships. Point A in Mohr’s circle of 
stress represents the tensile stress at zero angle, and 
point B represents the other tensile stress. It is seen 
that the resulting circle drawn is extremely small; in 
fact, if the two tensile stresses are equal, the two points 
A and B will coincide and there will be no circle. In 
other words, the all-important shearing stress resulting 
from the loading will be equal to zero. In this case we 
notice from line C in Fig. 8 that the tensile stress or 
normal stress will build right up as the load is applied 
until it reaches the ultimate strength or critical normal 
stress, at which time fracture will occur. Since the 
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Fig. 12—E6010 Weld. X 2 


critical shearing stress was not reached first, the metal 
will fracture with very little elongation. In fact the 
only elongation that is obtained is due to the elastic 
stretch of the metal while within the elastic limit. 

We have seen that each metal has a definite maximum 
value for the normal stress and the shearing stress for 
which it can withstand, and if the loading is such that 
this maximum normal stress is exceeded fii^t, then fail¬ 
ure occurs without any plastic deformation and w? say 
that the metal is brittle. If, however, the loading is 
such that the maximum shearing stress is exceeded first, 
then plastic deformation takes place until the maximum 
normal stress is finally reached, at which time the metal 
fails and we say that the metal is ductile. 

This is important because metals which show good 
ductility under a simple tensile test often behave as a 
brittle material when subject to biaxial and triaxial 
stresses, or stresses in more than one direction. Because 
of this type of loading very little flow can take place. 
In a simple tensile test, the specimen is allowed to neck 
down and thus undergo plastic flow before failure and 
there is sufficient flow to call the material ductile, see 
Fig. 11. However, if the necking down is restricted by 
an additional tensile stress at right angles to the first 
stress, then failure will occur at the same value as before 
but will occur before any appreciable elongation has 
taken place. Locked-up stresses are reduced by the 
metal yielding or elongating in the direction of the stress. 
Most failures are caused by the material being too re¬ 
strained, and as a result, the loading stress is allowed to 
build up suddenly above the breaking point without any 
yielding of the material. 

Perhaps there is some thought that this slightly lower 
value of elongatiorf of the ECO 12 electrode might indi¬ 
cate weld metal of lower quality, but this is not the 
case. This difference in elongation as compared to that 
of E6010 electrode is simply due to a slightly faster rate 
of cooling. We know that the greater portion of heat 
in a welding arc using coated electrodes is developed at 
the negative side. For this reason we use reversed 
polarity with E6010 electrodes. Since the electrode is 
positive and the base plate is negative, the base plate 
will receive a greater portion of heat than if using straight 
polarity. In this case the base plate will heat up more, 
resulting in greater penetration. We do not get a high 
deposition rate because of the lower heat on the elec- 
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Fig. 13—E6012 Weld. X 2 


trode, and if straight polarity were used on this elec¬ 
trode it would be more heat than the electrode could 
stand and it would spatter and roar. This is one reason 
why this electrode cannot be used on alternating current 
since every half cycle the current would be straight polar¬ 
ity. Because the base plate receives more heat the 
penetration will be deeper and the weld will cool more 
slowly, resulting in a higher elongation and lower yield 
point and tensile strength. On the other hand, straight 
polarity is used for E6012 electrodes. Here the elec¬ 
trode is negative and the base plate is positive. In this 
case the electrode receives more heat, resulting in a very 
high deposition rate, while the base plate will receive 
less heat, causing less penetration and a faster rate of 
cooling so that the weld metal will have lower elongation 
and higher yield point and tensile strength. This can be 
shown in Fig. 12 which is a photomacrograph of a E6010 
weld and Fig. 13, a E6012 weld. These are at 2 power. 
In comparing the two it is noticed that the darker heat- 
affected area is much larger and extends further into the 
base metal in the case of the E6010 weld than it does in 
the E6012 weld. Since this heat-affected area is base 
metal which has been heated up above the critical tem¬ 
perature, it means that this heating has extended further 
into the base metal in the EGOlO weld, and therefore 
since more heat has been put-in, the rate of cooling of the 
weld metal will be slower. 

Figure 14 is a photomicrograph of the junction of weld 



Weld Melal Base Metal 

Fig. 14—Junction oi Weld Metal and Base Metal. 100 X 


metal, at 100 power. This is of E6012 weld metal, and 
shows the metal to be uniform and free from inclusions. 
Hardness values were taken across the specimens and are 
plotted in Fig. 15. These are Rockwell B. There is a 
very definite increase in hardness in the case of the E6012 
electrode, indicating a faster rate of cooling. Most 
manufacturers of welding electrode agree that the 
chemical analysis cf weld metal produced by these two 
types of electrodes is identical. The core wire is the 
same; the only difference in the two electrodes is their 
coating, and we know in this case, that the coating serves 
only to afford a sufficient gas shield for the arc and proper 
slag coverage of the weld. The analysis of weld metal 
in the two specimens used was found to be: 

E6010 Weld Metal E6012 Weld Metal 

Carbon 0.06 0.06 

Manganese 0.40 0.40 

Silicon 0.10 0.14 

Sulphur 0.027 0.026 

Phosphorus 0.018 0.021 

Copper 0.03 0.02 

Nickel 0,06 0.08 

Chromium 0.02 0.01 

Molybdenum 0.02 0.03 
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Fig. 15 


We know that for any carbon steel, the elongation is 
inverse to the tensile-strength, although this may not be 
a straight-line relationship. The higher the tensile 
strength, the lower will be ^e elongation and vice versa. 

The faster the rate of cooling, the higher will be the 
tensile strength and the lower the elongation; the slower 
the rate of cooling, the lower will be the tensile strength 
and the higher the elongation. To further show this ef¬ 
fect of cooling rate upon the elongation of weld metal, 
standard 0.505-in. diameter all-weld-raetal specimens 
were made using EGOlO and EGO 12 electrodes. 

Three sets of four specimens of both electrodes were 
made and pulled, and the yield point, tensile strength 
and elongation in 2 in. were taken. The first set was 
pulled in the as-welded condition, the second was an- 
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nealed by heating to 1650® F. for 1 hr. and allowed to 
cool slowly in the furnace, and the third set was quenched 
from 1650° F. into an oil bath. The purpose of this was 
to show that the E6012 electrode could have as high an 
elongation as the E6010 electrode if it had the same rate 
of cooling, and likewise the so-called good ductility 
E6010 electrode could have lower elongation equivalent 
to E6012 if its rate of cooling were as fast. The average 
values of each four specimens are as follows: 



Yield Point 

Tensile Strength 

Elongation in 
2 In.. % 

E6012 as-welded 

61,000 

78,000 

17.0 

E6010 as-welded 

69,050 

70,250 

21.2 

E6012 annealed 

39,475 

57,200 

33.8 

E6010 annealed 

43,300 

60,500 

33.6 

E6012 quenched 

57,600 

73,850 

20.8 

E6010 quenched 

54,760 

70,570 

19.1 


It is seen here that the average elongation in the case 
of the quenched E6012 weld metal is 20.8% while that of 
quenched E6010 weld metal is 19.1%. Here the E6012 
actually has a slightly higher elongation when the two 
are cooled at the same fast rate. W’hen the two were an¬ 
nealed under the same conditions they have almost the 
same elongation, 33.8% for E6012, and 33.6% for E6010. 
When all of these values are plotted as in Fig. 16, a curve 
may be passed through these clusters of points to show 
the relationship between tensile strength and elonga¬ 
tion, we find that the higher tensile strength is associ¬ 
ated with lower elongation and faster cooling rate. Some 
of the specimens broke near one endand therefore elonga¬ 
tions may be somewhat lower since a portion of it oc¬ 
curred outside of the 2-iu. gage points. This might ac¬ 
count for some of the values not lying on the curve; 
nevertheless, they are close enough to show this relation¬ 
ship between tensile strength and elongation for different 
rates of cooling. 

As noticed in the manufacturer’s literature, the elonga¬ 
tion values of the stress-relieved E6012 weld metal do 
not come up to that of the stress-relieved E6010 weld 
metal; the reason for this is that the stressed-relieved 
specimens are not heated above the critical temperature 
and therefore the structure of the faster cooled E6012 
weld metal will still be retained. It will have only 


undergone a tempering effect as far as its structure is con¬ 
cerned. It is necessary to anneal by heating above the 
critical temperature to produce the structure of a slowly 
cooled met^. When this is done the elongation values 
are identical for both the E6010 and the E6012 weld 
metals. 

Figure 3 contains stress-strain curves for base metal, 
E6010 weld metal and E6012 weld metal in the as-welded 
condition. 

It is said that the E6012 type of electrode in some cases 
has a tendency for inclusions. Weld metal when molten 
has the property of absorbing gases, and upon cooling, 
these gases separate out and rise to the surface. Because 
of the quick freezing of all weld metal some gas is trapped, 
and naturally with the faster cooling E6012 weld metal 
there will be a tendency for more gas to be trapped. The 
same can be said about slag inclusions. Some slag is al¬ 
ways trapped in molten weld metal. This slag tends to rise 
to the surface, and the faster the freezing, the more slag 
will be trapped. For all practical purposes these inclu¬ 
sions are not harmful unless they lower the strength or 
ductility below a desired value. As far as the E6012 
weld metal is concerned, the slightly lower ductility is 
not caused by any possible inclusions, it is a matter of 
cooling rate; even under adverse conditions if it should 
contain inclusions, it still has a tensile strength much 
above that of E60i0 weld metal, so that there should be 
no argument against this electrode as far as the pos¬ 
sibility of inclusions is concerned unless it should inter¬ 
fere in some other manner. 

One might justly question the reason for the restric¬ 
tion of the E6012 type of electrode. To be sure the 
reason is that this type of electrode produces weld metal 
with slightly less ductility, 17 to 22% elongation in 2 in. 
with 0.505-in. all-weld-metal specimen, and in some cases 
there is a slight tendency for inclusions. W’e know that 
its elongation in this case is 17 to 22% but on what basis 
do we say that this elongation is not sufficient? Perhaps 
for the same reason we could say that the elongation of 
E6010 electrode which is 22 to 27% is not sufficient. 
Just how did we draw the line between these two elec¬ 
trodes. Perhaps it was that the E6010 electrode which 
was the first coated electrode to be produced just hap¬ 
pened to have an elongation of 22 to 27% and we have 
become used to expecting that. Then when the E6012 
electrode was developed with 17 to 22% elongation, 
we say that it does not come up to standards. 

If this is the case then perhaps we should now restrict 
the use of E6010 electrodes because since it was first put 
on the market there have been produced several elec¬ 
trodes of the E6020 and E6030 class with elongations of 
25 to 30%. If this 4 or 5% of elongation is so important, 
then we should take advantage of the E6020 and £6030 



Fig. 17—Effect of Width and Thicknesa Upon Elongation— 
Mild Steel 
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electrodes and stop the use of E6010. Of course we will 
never do this because the E6010 electrode has several 
very definite advantages over other types, and we are 
satisfied that its ductility is more than sufficient, even 
though it is several per cent lower in elongation than the 
E6020 and E6030 types. The same argument should 
also hold in the case of the E6012 electrode, since it is 
only a difference of a few per cent in elongation. 

\VTien we require a minimum of 22% elongation for 
E6010 weld me^ we are referring to a specimen having a 
diameter of 0.505 in. and using a gage length of 2 in. 
From Fig. 17 we see that the elongation values for any one 
particular steel depend upon its size and shape. In this 
case of mild steel we have elongation values from 35 to 
60% for the same piece of steel. When we insist upon 
22% for a 0.505-in. specimen we will have greater elonga¬ 
tions for larger specimens and likewise lower elongations 
for smaller specimens. Why hold to 22% elongation 
for weld met^ when we know that a smaller specimen 
of the same weld metal will have elongations below 22% ? 
It seems then that this minimum value of 22% for elonga¬ 
tion is not from an engineering demand, but rather a 
thought or belief that this elongation v^ue will insure 
sound weld metal. We have ^owu that this slightly 
lower elongation of the E6012 weld metal is due to a 


faster cooling rate. Therefore, it seems that if soimd 
weld metal can be assiued there should be no need to 
further restrict this electrode. 

If this E6012 electrode did not have certain advantages 
over the E6010 electrode there would be no reason to 
use it, but it has certain advantages which put it in a 
class by itself. Because of its particular type of coating 
it has a high deposition rate, and it is ideal for poor fit-up 
joints in that it does not undercut easily. • It can handle 
high currents without excessive spatter. A greater 
portion of heat is available at the end of the electrode to 
melt it, while less heat enters the base plate. This helps 
to reduce distortion by shortening the time of welding 
because of the higher deposition rate and decreasing the 
amount of heat entering the base plate. This electrode 
produces a convex weld thus insuring a full size weld. 
It is also ideal for multipass fillet welds in that the passes 
do not nm down as do the so-called hot rods, but rather 
hold their shape. 

If these restrictions are justified then they should re¬ 
main, but some explanation should be given. However, 
if these restrictions are not justified, then they should be 
lifted so that the welding industry could take full advan¬ 
tage of a good electrode which very definitely has an es¬ 
tablished and recognized place in welding. 


Templet Tips 

By Rudolph Chelborg* 


Practical Suggestions on Making 
Strip Templets for Cutting Difficult 
Shapes 

H ere are a few tips, suggested by operators who 
have used the ideas in making and using templets 
for oxyacetylene machine cutting of shapes in¬ 
volving sharp comers or other peculiarities. These ideas 
should suggest solutions for similar problems faced by 
other operators. 

Save Time—Increase Accuracy 

The templet strip should be formed so that the inside of 
the bend is against the layout line whenever possible, 
allowing the operator a continuous view of the layout line. 
This is often impossible when forming complicated shapes 
containing reverse bends, for example, unless a parallel 
line is drawn inside the original layout line at a distance 
equal to the thickness of the templet strip, as shown in 
Fig. 1. 

Gated Templet for Comers 

When a sharp comer is called for in the layout, it can 
be produced by incorporating a swinging section in the 
templet, as shown in Fig. 2. The usual method should be 
followed for determining nozzle size and kerf width, for 
scribing the layout line on the templet base, and for form¬ 
ing the templet and riveting it to the base plate. The 
only difference is that one section of the templet should be 
left out, as shown. The ends of the templet strip that are 

* Developtnent Engineer, The Linde Air Products Co., New York, N. Y. 



Fi^. 1—-A Pazallel Layout Line Drawn Inside the CuTYe of the^ 
Orimnal Layout Line at a Distance Equal to the Thickness ofj 
the Templet Strip Will Help the Operator to See the Layout^ 
Line at All Times While Forming the Templet 
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Fig. 3—The Removable Section oi a Strip Templet, Held in 
Place on Dowel Pins Inserted in the Base, Is Indicated by the 
Dotted Lines at A in the Sketch 


riveted to the base should be cut at an angle of 30 de¬ 
grees. A straight piece of templet strip should then be 
fitted to the layout line, with the ends of this piece also 
cut at a 30-deg. angle to match the ends of the riveted 
section. 

This straight section should be attached to the templet 
base with one rivet, loosely enough for the strip to be 
rotated without binding or danger of distortion. The 
center point of the hole for the rivet should be located 
directly outside that point in the layout line where the 
center lines of the two templet strips intersect. 

In operation, the swinging section of the templet 
should be turned to meet one end of the stationary sec¬ 
tion. The templet-tracing unit of the cutting machine is 



Fig. 4—The Cut Is Started at the Plate Edge, with a Straight 
Guide-Strip Section, Held on Dowels, Usm to Lead It in to 
the Work 


placed on the swinging section outside the rivet so that 
the cut will start in the scrap. After the tracing unit has 
moved off the swinging section and onto the stationary 
section, the swinging section is rotated to meet the other 
end of the stationary section. Thus, the templet-tracing 
unit will move off the stationary section of the templet 
onto the swinging section again, completing the cut and 
leaving a sharp comer. . 

Removable Gate for Lead-Ins 

The use of a removable lead-in gate section simplifies 
leading in to the templet cuts that must be started at the 
edge of the plate. The templet strip is formed and at¬ 
tached to the base plate in the usual manner, with the 
exception of a small section on a curve near the edge of 
the plate as, for example, that shown at A in Fig. 3. 
This section is then formed and held in place on dowel 
pins inserted in the templet base so that it can be lifted 
off. A straight guide-strip section is prepared and is 
held in place by two pins, as shown in Fig. 4. One of 
these pins is also used for holding the curved section of 



Fig. 5—Either Side of This Templet for a Narrow ShajM Can 
Be Swung Out of the Way to Provide Clearance for the Tracing 
Unit 


the templet; the other is located outside the position of 
the curved section. 

In using this templet, the cut is started at the plate 
edge, with the tracing unit on the straight section. When 
the tracing unit has progressed to the stationary part of 
the templet, the straight section is lifted off the dowel 
pins and the curved section is put in place to complete 
the cut. 

Sectional Templets 

Another example of ingenuity in making strip templets 
under difficult circumstances is the sectional templet 
shown in Fig. 5. The part to be shape-cut is so narrow 
that the templet-tracing unit would not have sufficient 
clearance between the two sides of a templet made in the 
usual way. To overcome this, the templet is made in 
four sections. The two rounded end sections are riv’eted 
securely to the base, while the two side sections are 
riveted to pieces of light-gage steel, trimmed where 
necessary to conform to the shape of the templet. These 
pieces are attached to the base plate by a pivot at one 
end. Thus, it is possible for one side section to be swung 
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Fig. 6—This for Cutting Sprockets Has Two Sheet> 

Metal Segments, nach of Which Has Attached to It a Templet 
Strip Uoniorming to One Section of the Sprocket Design 



Fig. 7—One Segment After the Other Is Rotated to Its Position 
Ahead of the Cutting Action and Is Held in Place by a Loose 
Rivet Inserted in a Hole in the Templet Base 


out of the way while the tracing unit is following the other 
side section. 

Segmented Sprocket Templets 

The templet for cutting sprockets, illustrated in Fig. 6, 
consists of a base plate and two sheet-metal segments that 
can rotate around a pivot point located at the exact 
center of the layout. To each sheet-metal segment is at¬ 
tached a formed templet strip that conforms to one sec¬ 
tion of the sprocket design. Very careful and exact 
workmanship is required in the construction of a tem¬ 
plet of this sort so that the sprocket teeth will all be 
correctly shaped and the spacing between the teeth will 
be uniform over the entire circumference. 


In operation, the two segments are placed side by side 
as shown in Fig. 6, and are held in place by loose rivets or 
pins inserted in holes made for this purpose. The cut is 
started with the tracing unit operating on the templet 
strip attached to segment No. 1. After the cut has pro¬ 
gressed so that the tracing unit is operating on the tem¬ 
plet strip on segment No. 2, the loose rivet is removed 
from segment No. I and the segment is swung around the 
pivot point to the position shown in Fig. 7. The rivet is 
inserted through the hole in this position. As the cut 
progresses, one segment after the other is rotated to a new 
position ahead of the cutting action and, while guiding 
the tracing unit, is held in place by means of the loose 
rivet or pin inserted in a previously made hole. 
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Electric Welding, Resistance. Personnel Organization for 
Your Resistance Welding Program, I. A. Crawford. Industry & 
Welding, vol. 18, no. 2 (Feb. 1945), pp. 40-Hll, 44, 90-93. 

Electric Welding, Resistance, Spot. Gun Welders Fabricate 
Weapon Carriers, J. D. Gordon. Iron Age, vol. 155, no. 18 (May 
3, 1945), pp. 62-63. 

Hydrogen Manufactiue. Welded Gas Generators, T. B. Jeffer¬ 
son. Welding Engr., vol. 30, no. 3 (Mar. 1945), p. 38. 

Metals, Fatigue, Testing. Influence of Magnitude of Cross- 
Sectional Area of Fatigue Strength, W. Bucbmann. Engrs.’ 
Digest (British Edition), vol. 6, no. 1 (Jan, 1945), pp. 22-23; see 
also Engrs.’ Digest (American Edition), vol. 2, no. 3 (Mar. 1945), 
pp. 136-137. 

Mines and Mining, Equipment. Plant Maintenance, C. H. S. 
Tupholme. Min. Mag., vol. 72, no. 4 (Apr. 1945), pp. 213-214. 

Natural Gas Pipe Lines. Pressure Welding on 24-In. Gas Pipe¬ 
line. Eng. News-Rec., vol. 134, no. 20 (May 17,1945), pp. 703-711. 

Non-Ferrous Alloys. Bearing, Brazing and Soldering Alloys. 
Mech. World, vol. 117, no. 3038 (Mar. 23, 1945), pp. 316-319. 

Non-Ferrous Metals. La Soudure des Metaux Non-Ferreux, 
M. W. Coulter. Technique, vol. 20, no. 4 (Apr. 1945), pp. 271-278. 

Non-Ferrous Metals. Welding of Non-Ferrous Metals, E. G. 
West. Sheet Metal Industries, vol. 21, no. 214 (Feb. 1945), op. 
317-327: no. 215 (Mar.), pp. 509-513; no. 216 (Apr.), pp. 694-698; 
no. 217 (May, pp. 871-874. 

Oxy-Acetylene Welding of Copper. Aluminum & Non-Ferrous 
Rev., vol. 9, nos. 10-12 (Oct.-Dec. 1944), pp. 56, 58-59. 

Oxyacetylene Welding Torches, .'sorzles. Engineering Data 


Sheet No. 54—Welding Tip Comparison Data. Welding Engr. 
vol. 30. no. 3 (Mar. 1945), p. 79. 

Pipe Lines. Inside Line-up Clamp for Pipeline Construction. 
Gas, vol. 21, no. 3 (Mar. 1945), p. 41. 

Pipe Lines. Oxy-Acetylene Welding of Pipe Lines in Heating 
Inst^lations, C. P. How. Air Treatment Engr., vol. 8, no. 3 
(Mar. 1945), pp. 50-57. 

Pipe, Steel. Standard Specifications for Black and Hot-Dipped 
Zinc-Coated (Galvanized) Welded and Seamless Steel Pipe for 
Ordinary Uses (A120-44). Am. Soc. Testing Matls.—Standard 
1945, pp.319-323. 

Pressure Vessels, Lining. Method for Field Lining Vessel 
Heads with Stainless Steel Strip, K. E. Luger. Oil & Gas J., vol. 44, 
no. 1 (May 12, 1945), pp. 92-94. 

Production Control. Uniform Welding Procedure. Aero Digest, 
vol. 48, no. 6 (Mar. 15, 1945), pp. 98, 196, 199. 

Pumps, Manufacture. Silver Brazing Technique as Applied to 
Submersible Pumps. Industry & Welding, vol. 18, no. 2 (Feb. 
1945), pp. 48-50,53-54. 

Railroad Repair Shops. Welding in Railroad Shop, A. Havens. 
Welding Engr., vol. 30, no. 3 (Mar. 1945), pp. 35-37; no. 4 (Apr.), 
pp. 38-40. 

Range Finders. Welded Joint Design for Die Casting Assembly, 
J. R. Peskin. Industry & Welding, vol. 18, no. 2 (Feb. 1945), pp. 
56-57, 85-88. 

Seawater, Salt Removal. Self-Descaling Evaporator Tubes, 
C. B. Clason. Welding Engr., vol. 30, no. 3 (Mar. 1945), p. 47. 

Shipbuilding, Great Britain. Technical Developments in Naval 
Construction, S. Goodall. Engineering, vol. 158, no. 4113, 
(Nov. 10, 1944), p. 375; no. 4114 (Nov. 17), pp. 396-397; no. 4115 
(Nov. 24), pp. 418-419; no. 4116 (Dec. 1), pp. 437-440; see also 
Engineer, vol. 178, no. 4635 (Nov. 10, 1944), pp. 377-397; no. 
4636 (Nov. 17), pp. 396-398. 
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AMERICAN WELDING SOCIETY 

ACTIVITIES - BELATED EVEMTS 


TWENTY-SIXTH ANNUAL MEETING 

Upon recommendation of the Conven¬ 
tion Committee, the Board of Directors at 
its meeting on June 28th approved plans 
for holding a convention-by-mail and con¬ 
fining the necessary business meeting, 
award of medals and Directors’ meeting to 
a one-day affair. 

In compliance with ODT requirements, 
the meeting will be arranged so as not to 
require the presence of more than fifty 
out-of-town members. 

It will be necessary to dispense with the 
Section Officers Conference, Committee 
and Research Meetings. Individual Com¬ 
mittees may hold meetings at other times 
and places as may be found necessary to 
aid in the war effort. 

The schedule for the one-day meeting 
will be as follows: 

Thursday, October Id 

9:30 A.M. to 10:30 A,M.—Award of 
prizes, medals and honorary member¬ 
ships. 

10:30 A M. to 12 noon.—Presentation of 
Adams Lecture by Dr. S. L. Hoyt. 
Luncheon.—Facilities will be provided for 
a luncheon. Details will be announced 
later. 

2:00 P.M. to 3:00 P.M.—Annual Business 
Meeting of A.W.S. 

3:00 P.M. to 5:00 P.M.—Meeting of new 
Board of Directors. 

Evening.—Details will be announced 
later of a possible dinner commemorat¬ 
ing the 25tb anniversary of the founding 
of the New York Section of the Ameri¬ 
can Welding Society. 

In conducting the plan of a convention- 
by-mail, the following procedure is con¬ 
templated. In the August issue of the 
Journal a complete list of papers author¬ 
ized as Annual Meeting papers will be 
published.. Starting with this issue and 
continuing for the next six months Annual 
Meeting papers will be published as rapidly 
as possible. Discussion will be invited, al¬ 
though it will be necessary to set a time 
limit for receipt of such discussion. This 
time limit will in each case be the 10th of 
the month following the issue in which the 
paper was published. Thus, papers pub¬ 
lished in the August issue will be open for 
discussion until September 10th. This 
discussion will then be published in the 
October issue, together with the author’s 
closure. 

Some sixty papers have been scheduled 
for presentation at the Annual Meeting. 
They are comparable in every way to the 
usualAnnualMeetingpapers. Tbesepapers 
will be eligible for consideration in the 


award of prizes in the same manner as if 
they were orally presented at regular 
Annual Meeting sessions. Local Sections 
of the A. W. S. will be urged to get in 
touch with the individual authors in order 
that these papers may become available 
for oral presentation at local Section 
meetings. 


BY-LAW REVISIONS 

Letter ballot on revised edition of the 
By-Laws, as it appears in the February 
Welding Journal, and supplement^ 
Amendments, was mailed to the entire 
membership from headquarters under date 
of June 1st. If there are any members who 
have not received this ballot, duplicate 
will be sent upon request. 


BOARD OF DIRECTORS MEETING 

The meeting of the Board of Directors 
of the American Welding Society, held 
on April 19,1945, in Room 1101, Engineer¬ 
ing Societies Bldg., New York, was called 
to order by President Weigel at 10:20 
A M., with the following present; 

Members: C. A. Adams, D. Arnott, 
H. C. Boardmaii, R. W. Clark, J. H. 
Critchett, E. V. David, J. H. Deppeler, 
W. F. Hess, H. O. HUI, H. W. Lawson. 
J. F. Lincoln, F. E. McAtee, H. W. Pierce, 
H. M. Priest. A.W.S. Staff: W. Sprara- 
gen, S. A. Greenberg, M. M. Kelly. 

Death A nnouncements 

The President called attention to the 
sudden death of Mr. G. T. Horton, Presi¬ 
dent of the Chicago Bridge & Iron Co., 
and Past-President of A.W.S., on March 
19, 1945; and also to the sudden death of 
Professor A. V. deForest, Chairman of 
Board, Magnaflux Corp., and a member of 
several of our Research Committees. 

Upon recommendation of the President, 
the following committees were appointed 
to prepare resolutions to be spread on the 
minutes of a future meeting of the Board, 
and copies of which will be transmitted to 
the families of the deceased and the com¬ 
panies with which they were affiliated. 

G. T. Horton Resolutions Committee: 
C. A. Adams, D. S. Jacobus, K. L. Han¬ 
sen. 

A. V. deFores! Resolutions Committee: 
A. B. Kinzel, C. W. McGregor, C. E. 
Jackson. 

On recommendation of the President, 
Mr. J. B. Tinnon, Vice-President of Metal 
& Thermit Corp., was named to fill the 
vacancy occurring in the Committee on 
Permanent Funds through the death of 
Mr. Horton, his term to commence as of 
this date and expiring October 1946. Be¬ 
cause of seniority in respect to service, it 
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was understood that Mr. Harter would 
serve as chairman in place of Mr. Horton, 
commencing next October, and he would 
also serve as chairman of the committee 
for the following year, fulfilling his own 
position in the schedule. 

1946 Adams Lecturer 

In accordance with prescribed rules for 
the Adams Lectiu’e, a written ballot was 
taken on the 1945 Committee on Awards’ 
selection of the 1946 Adams Lecture 
nominees, which resulted in the selection 
of Wendell F. Hess, Associate Professor 
in Metallurgical Engineering, Rensselaer 
Polytechnic Institute, as first choice. 

Amendments of By-Laws Dated December 

15,1944 

Revisions referred to in Exhibit D, 
accompan 3 nng agenda of this meeting, 
were duly considered. It was explained 
that submittal to the voting membership, 
of the revised edition of the By-Laws ap¬ 
proved at the December 15, 1944, Board 
of Directors meeting, was dela}red await¬ 
ing approval by the Board of Directors of 
these further revisions, in order to avoid 
expense of sending out another ballot to 
the voting membership. 

Upon motion, duly seconded, it was 
voted to approve revisions proposed at 
this meeting to the By-Laws approved at 
the December 15,1944, Board of Directors 
meeting. 

As a measure of economy, it was stated 
that the membership will be asked to cast 
a ballot on amend^ By-Laws published 
in the February Welding Journal or 
the 1945 Year Book, with the additional 
amendments as approved at this meeting. 

It was stated also that the By-Laws 
Committee, in due course, will give con¬ 
sideration to late comments received from 
Sections and Districts of the Society. 

Future Plans of Educational Committee 

Prof. Hess recalled, at a previous meet¬ 
ing of the Board, the Educational Com¬ 
mittee told of its plans for making a fur¬ 
ther study of textbooks now being used in 
engineering colleges and schools, with a 
view to determining the adequacy of weld¬ 
ing coverage, and for addressing a letter, 
signed by the President of the Society, to 
the deans of engineering schools on the 
subject of the place of welding in engineer¬ 
ing education. 

He reported further that more than fifty 
replies had been received from the En¬ 
gineering School Deans. In some in¬ 
stances, specific information was sought. 
Suitable replies are being prepared by the 
Educational Committee members, and 
these letters will be sent out over the 
President’s signature. 
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Just behind the battlefront, a telephone system lay dead. 
The retreating enemy, hoping to return, had not blown it up, 
but had taken with them its vacuum tubes. To put it back to 
work, the General ordered 1000 new tubes — spot delivery. 


DUPLICATING A GERMAN VACUUM TUBE 


A sample tube was flown back to the United States and 
brought to Bell Telephone Laboratories. It was of German de¬ 
sign, different from any American tube in both dimensions and 
characteristics. Could it be duplicated soon? The job looked 
feasible. Within three days, try-out models were on their way to 
Europe. Three weeks later, W'^estern Electric Company had made 
and delivered every tube. They were plugged in; vital com¬ 
munications sprang to life. 

Vacuum tubes are an old story for Bell Laboratories 
scientists. Back in 1912 they made the first effective high vacuum 
lube. Three years later, they demonstrated the practical possi¬ 
bilities of tubes by making the first radio talk across the .Atlantic, 
pointing the way to radio broadcasting. Since then, they have 
developed and utilized the vacuum tube wherever it promises 
better telephone communication — there are more than a million 
in your Bell Telephone System. 

Today, Bell Telephone Laboratories is solving many of 
the toughest tube problems faced by the Armed Forces. When 
the war is over, it goes back to its regular job—keeping American 
telephone service the best in the world. 


BELL TELEPHONE LABORATORIES 


Exploring and inventing, devising and perfecting for our Armed Forces at 
war, and for continued improvements end economies in telephone service. 
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Because of the strong desire on the part 
of some engineering school professors for 
instructional material, such as motion 
picture films, stereopticon slides and in¬ 
formational bulletins depicting various 
welding operations of interest to engineer¬ 
ing students. Prof. Hess said the com¬ 
mittee plans to ascertain from the leading 
welding manufacturers and government 
departments how much of that kind of 
material is available for instructional pur¬ 
poses and whether, upon request, the 
manufacturers and government depart¬ 
ments will be willing to loan available 
films and slides and donate informational 
bulletins to the engineering schools. Upon 
receipt of this information, the committee 
plans to prepare and issue to engineering 
schools, a leaflet telling what instructiqnal 
material is available and how to obtain it. 
Before proceeding. Prof. Hess stated his 
committee desires the Directors’ endorse¬ 
ment of plans outlined. 

Plans for 1945 Annual Meeting 

Mr. David, chairman of the Convention 
Committee, stated that our Society is 
proceeding along lines similar to A.S.M.. 
in that our Program Committee has 
started work on a technical program of the 
same order as the past few years, with the 
idea that if conditions permit, a 3Vr*day 
meeting will be held in conjunction with 
the National Metal Expositicm. Other¬ 
wise, the papers scheduled on the program, 
with written discussions thereon, will be 
published and distributed by mail. Action 
on the type of meeting to be held this year 


is being postponed for another few months, 
awaiting war developments. 


REPORT ON READERS' INTEREST IN 
THE WELDING JOURNAL 

The A.W.S. Publication Committee is 
charged with the general supervision of the 
publication of The Welding Journal. 
Suggestions are made occasionally by well- 
meaning groups, that the Journal should 
be altered to place more emphasis on this 
or that type of article. The Publication 
Committee felt that any steps taken by it 
should be based on facts. Accordingly, a 
questionnaire was prepared to be sent to 
the membership of the Society. The 
questionnaire was prepared in such detail 
that each reply provided for exactly 50 
possible votes. 

In order to keep the analysis to manage¬ 
able proportions, the Editor eliminated 
some 2000 Journal subscribers and only 
sent the questionnaire to the 6500 mem¬ 
bers who had paid their dues by November 
15th. This number represents about two- 
thirds of the circulation of the Journal. 
The balloting was closed December 30th 
when a total of 1627 replies had been re¬ 
ceived or 25% of the possible replies. Ex¬ 
periences with other questionnaires have 
indicated that the deviation from results 
obtained by such sampling will not vary 
more than I or 2% from totals which will 
be obtained when all the replies are in. 
Even at that, this represents an analysts 
of some 81,000 possible different votes. 


The 1627 replies are broken down in the 


following groups: 

Operators. 156 

Foremen, Inspectors and In¬ 
structors. 431 

Designing Engineers and 

Draftsmen. 213 

Technical, Metallurgical, Re¬ 
search . 337 

Sales and Advertising. 215 

Purchasing, Administrative... 275 

Total. 1627 


In order to make the analysis compar¬ 
able, each group’s replies were calculated 
on a percentage basis. A detailed analysis 
of replies to each question on the ques¬ 
tionnaire is given for each group and 
the total which, of course, is the average. 
Not all the questions were answered so 
that in many cases the sum total of the 
percentage for any question does not equal 
100 %. 

As a result of this analysis the Publica¬ 
tion Committee felt that the widespread 
readers’ interest among all groups indi¬ 
cated, that no drastic revision should be 
made in the setup of The Welding 

JOLTINAL. 

December 31, 1944 
All Figures on a Percentage Basis 
Total copies sent 6500. Received 1627 
Interest in Sections of Journal 
Moder- 

Much ately Little 

Advertising 

Total 21 57 15 
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Tube-Turn 


TRADE MARK 


WELDING FITTINGS 
AND FLANGES 


TUBE-TURN WELDING FITTINGS-GRANGE OP SIZES 


Type of 
ritting 

Description 

Standard 

Weight 

Extra 

Strong 

Schedule 

160 

Double 

Extra 

Strong 

Light Gauge 

Nominal 
Pipe Size 

Iron 

Pipe Size 

Elbows 

90° Long Radius 

l4*-24' 

%'-24* 

l'-12* 

l'-8* 

4'-24' 

3'-12' 

Elbows 

90° Short Radius 

l'-30* 

l'A*-30* 





Elbows 

4S° Long Radius 

16'-3(r* 

%'-30** 

I'-ir 

I'-S* 

4*.24* 

3'-12' 

Returns 

180* Long Radius 

%'-24' 

l*-24* 

1*12' 

3'-8* 

4'-24' 

3*12* 

Returns 

180* Short Radius 

r-so* 

l»/6*-30* 





Returns 

180° Extra Long Radius 

l'-2V6' 

1'.21V 





Tees 

Straight 

H*-24' 

H'-24* 

1*.12' 

l'-8* 



Tees 

Reducing Outlet 

W-2*' 

%*-24* 

%'-12' 

l'-8* 



Reducers 

Concentric & Eccentric 

lx%-24x20 

lz%-24x20 


lx%-12xl0 



Caps 


l'-24' 

l'-24* 


I'-S* 



Stub Ends 

Lap Joint 

1*24' 

l'-24* 

SUPER Tube-Turn 45* long radius elbows, 
90° long radius elbows, and 180* long radius 
returns available in both Standard weight 
and Extra Strong in sizes from 3* to 12*. 

Tube-Turn welding fittings and flanges con- 
form to appHeable ASA and ASTM Stand- 

ards. For further details please refer to 

Tube Turns catalog and data book No. 111. 

Nipples 

Shaped, 90° to Header 

1’/4*-12' 


Nipples 

Shaped. 45° to Header 

iy4'-l2* 

iy4*-i2* 

Saddles 


2*-24'** 

Uterals 

Straight 

iy4'-24* 

iy4*-24* 

Laterals 

Reduang-on*Run 

iy4'-24' 

l’A*-24* 

Crosses 

Straight 

%*-24* 

y4'-24* 

Rings 

Welding 


w-ir 

Sleeves 

Welding 

2*-24'** 


*30* size short radius. 


**Since saddles and sleeves are used for external reinforcement 
only, they do not conform to iron pipe size thicknesses. 


TUBE-TURN FORGED STEEL FLANGES—RANGE OF SIZES 



150 Lb. 

300 Lb. 

400 Lb. 

600 Lb. 

900 Lb. 

1500 Lb. 

2500 Lb. 

Welding Neck 

W-24’ 

'A'24' 

Vi'-24't 

ys'-24' 

V6'-24'* 

V6'-24'’ 

V6'-24* 

Slip-On 

16*-24* 

V%'-24' 

Vi'-24't 

>A*-24' 

V6'-24'* 

16'-24' 

V6*-24* 

Lap Joint 

'A'-24* 

Vx’ZV 

*A'-24*t 

16*24* 

V6*-24'* 

16'-24' 

’/i'-24' 

Threaded 

!6'-24* 

y*'-24* 

■6'-24*t 

ys'-24' 

’/s'-24'* 

’A'-24' 

l6'-24' 

Blind 

'/«i"-24* 

y**24' 

Vi'-24*t 

’/s'-24* 

16'-24** 

’6'-24* 

yi'-24* 

Socket Type 

y4*-24' 

'/a'- 4' 


'/4'-3Vs* 




Reduong-threaded or slip-on 

%'-24' 

¥4*24' 

%*-24't 

%'-24' 

54'-24** 

H*-24' 

54*-12' 

Orifice—threaded 


l"-24* 

4*12* 

4*-12' 

3*-12* 

l'-12' 


Orifice—slip-on 


l'-24* 






Orifice—welding neck 


l*-24* 

4' 12* 

1*-12' 

3*-12' 

1*12* 


Long Welding Neck 

r-24* 

l*-24' 

i'-lO* 

I'-lO* 

I'-lO* 

I'-IO* 



tDimensions on sizes thru 3'A' 
■Dimensions on sizes thru 216' 


same as 
same as 


for 600 lb. 
for 1600 lb 


ttanges. 

flanges. 
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Oi>erator 

20 

58 

10 

Foremen, etc. 

18 

57 

17 

Designing Engr. 

11 

64 

21 

Tech. & Res. 

13 

60 

20 

Sales & Adv. 

40 

51 

4 

Purch. & Admin. 

29 

51 

16 

Engineering & Technical 



Total 

88 

10 

1 

Operator 

83 

14 

2 

Foremen, etc. 

86 

10 

1 

Designing Engr. 

95 

5 

0 

Tech. & Res. 

94 

5 

1 

Sales & Adv. 

84 

14 

1 

Purch. & Adifiin. 

85 

14 

1 

News Items & Society 



Total 

23 

54 

18 

Operator 

33 

46 

15 

Foremen, etc. 

27 

50 

16 

Designing Engr. 

14 

63 

21 

Tech. & Res. 

14 

63 

16 

Sales & Adv. 

34 

45 

16 

Purch. & Admin. 

21 

52 

26 

Research Supplement 




Total 

60 

30 

6 

Operator 

64 

24 

8 

Foremen, etc. 

64 

26 

4 

Designing Engr. 

60 

36 

•i 

Tech. & Res. 

81 

15 

2 

Sales & Adv. ’ 

36 

42 

15 

Purch. & Admin. 

46 

44 

7 


Sections to Be Given More Space 


Re- 

Adv. Eagng. News search As Is 


ToUl 2 

Operator 2 

Foremen, etc. 1 

Designing Engr. 0 

Tech. & Res. 1 

Sales & Adv. 2 

Purch. & Admin. 3 


44 

3 

14 

37 

46 

2 

20 

40 

48 

4 

15 

32 

47 

2 

8 

42 

39 

1 

22 

37 

45 

6 

g 

38 

40 

4 

7 

46 


Degrees of Interest in Articles 

Much Moderate Little 


A. Research 
Total 
Operator 
Foremen, etc. 
Designing Engr. 
Tech. & Res. 
Sales & Adv. 
Purch. & Admin. 


57 35 6 

59 33 6 

64 30 4 

51 42 6 

79 19 2 

38 46 14 

39 49 10 


B. Operating Techniques 


ToUl 73 

Operator 88 

Foremen, etc. 80 

Designing Engr. 63 

Tech. & Res. 60 

Sales & Adv. 75 

Purch. & Admin. 77 


23 

10 

17 

30 

36 

21 

20 


3 
2 
2 
6 

4 
2 
3 


C. Telling How 


Total 

53 

32 

13 

Operator 

88 

8 

3 

Foremen, etc. 

64 

26 

8 

Designing Engr. 

41 

42 

15 

Tech. & Res. 

28 

45 

25 

Sales & Adv. 

55 

33 

11 

Purch. & Admin. 

54 

31 

12 

D. What Other People are 

Doing 


Total 

53 

39 

7 

Operator 

65 

33 

2 

Foremen, etc. 

60 

34 

5 

Designing Engr. 

42 

46 

9 

Tech. & Res. 

36 

52 

11 

Sales & Adv. 

66 

29 

4 

Purch. & Admin. 

5 . 

39 

6 

E. Designing, Planning ^ Testing 


Total 

64 

30 

5 

Operator 

71 

24 

4 

Foremen, etc. 

73 

23 

3 


Designing Engr. 

82 

15 

2 

Tech. & Res. 

52 

41 

6 

Sales & Adv. 

46 

43 

10 

Purch. & Admin. 

62 

31 

6 

F. Codes & Standards 
Total 53 

37 

8 

Operator 

49 

36 

10 

Foremen 

58 

35 

7 

Designing Etigr. 

57 

35 

7 

Tech. & Res. 

56 

36 

7 

Sales & Adv. 
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34 

30 
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38 
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79 

13 
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29 

50 

20 

16 

80 

4 
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28 

53 

18 

16 
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23 
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23 

30 
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16 
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Current Welding Ap^ications 


Cur- 


Section Should Be 

tailed As Is 

Amplify 

Total 

3 

62 

35 

Operator 

2 

49 

47 

Foremen 

2 

58 

40 

Designing Engr. 

2 

68 

30 

Tech. & Res. 

2 

74 

24 

Sales & Adv. 

8 

57 

35 

Purch. & Admiu. 

1 

58 

40 


Continue 


Personalities 

As Is 


Omit 

Total 

86 


14 

Operator 

88 


12 

Foremen 

87 


13 





WITH 


WELDING POSITIONER 

• Completely powered; easy# Instant 

control. ^ 

• Rotation o^ table, either direction, 0 
to 180" per min. 

• Height of table adjustable from 30" 
to 36". 

• Table hydraulically power tilted 135 
from horirontal and ISO** through full 


WRITE FOR CATALOG 


range. 

• Capacity for work up to 700 lbs. 


STANDARD MACHINERY CO. 

1471 Elmwood Ave., Providence 7, R. I. 
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Designing Engr. 

80 

20 

Tech. & Res. 

88 

12 

Sales & Adv. 

88 

12 

Purch. & Admin. 

86. 

14 


What Happens to Journal 
Throw 



Away 

FUe 

Pass On 

Total 

3 

62 

35 

Operator 

0 

81 

19 

Foremen, etc. 

1 

67 

32 

Designing Engr. 

9 

55 

36 

Tech. & Res. 

2 

63 

34 

Sales & Adv. 

2 

68 

30 

Purch. & Admin. 

3 

43 

54 


Additional readers, 2452, or average of 
2*/i readers for every printed copy. 


Analysis 

Results of Questionnaire on Reader Interest 
Welding Journal 

Advertising 

1. Approximately 78% of the readers 
are interested in the advertising pages of 
The Welding Journal. Ten thousand 
circulation X 2Vi readers per issue X 78% 
■■ 19,500 readers of advertising. 

2. The deviations from the averages in 
individual groups is understandable and 
requires no special comment. 

3. Two per cent of the readers would 
like to see the advertising increased. 

Engineering and Technical Articles 

1 . Approximately 98% of the readers 
of the Journal are interested in this sec¬ 
tion. 

2. The deviation of general interest of 


groups from the average for this .section is 
not significant. 

3. Forty-four per cent of our readers 
would like to see the space devoted to this 
section increased. 

4. The greatest average interest in this 
section is for those articles dealing with 
operating techniques and least for those 
dealing w’ith how to do a particular kind 
of job. Articles dealing with designing, 
planning and testing also rate very high in 
average reader interest. Surprisingly 
enough, the average interest for articles 
on research and codes and standards is 
materially lessened when compared with 
the results of previous years, although 90% 
of the readers are either much or moder¬ 
ately interested in these articles. 

5. There is wide variation of interest 
among the different groups in the different 
types of technical articles. The operator, 
foreman and supervisor is more interested 
in research articles than is the designing 
engineer or draftsman. About twice as 
many operators (percentages) are inter¬ 
ested in these articles as compared with 
the sales engineer, purchaser or executive. 
Again, practically everybody is interested 
in operating techniques. On the expected 
side is the interest of the operator in arti¬ 
cles “telling how.” There is also large ex¬ 
pected wide interest in articles dealing 
with designing, planning and testing. 

0. A little over half (53%) of the 
membership are intensely interested in 
codes and standards, and an additional 
37% are moderately interested in this sec¬ 
tion. 


.\'ews Items. Society c* Related Activities 

1. In its entirety this section has the 
least appeal to our membership, even less 
than advertising and yet 3% of the 
membership wanted this section increased. 

2. In the breakdown we begin to see 
some of the reasons. There are quite a few 
people (14%) who would like to see the 
portion devoted to “Section Activities" 
curtailed and the Personalities omitted 
(14%). In some measure this is offset by 
others (8%) who would like to see "Sec¬ 
tion Activities” enlarged. 

3. Fully 97% of the membership would 
like to see the news part “as is” or ampli¬ 
fied. 

Research Supplement 

1. Ninety per cent of our readers are 
much or moderately interested in the 
Supplement. Six per cent admit they have 
little or no interest and surprisingly 
enough this lack of interest is greatest in 
the sales and advertising group. 

2. Fourteen per cent of our readers 
would like to see this section amplified and 
curiously enough 20% of the operators 
voted for such an increase. 

What Happens to Journal 

1. Three per cent of our readers throw 

their Journals away. Another 35% pass 
them on to others, but the greater part of 
these have indicated on the questionnaire 
that they get them back and file them. 



Lets suppose you could 
TfueAM’ youA ounv 

GASOLINE 


FOR 5^ TO lot PER gallon; 


/ 


% If you cotild manufacture an tmlimited supply 
of high-test gasoline for your own use, at about a 
nickel a gallon, you’d buy the equipment to do so 
mighty soon—particularly if that equipment proved 
to be reasonably priced and easy to operate. 

We don’t know where you can buy a machine 
of this t}^. However, you CAN buy a SiOHT 
Peed generator to make your own acetylene, and 
save 50^ to 75^ of the money which you are 
now paying for “bottled” acetylene. 

Think it over, and then contact your jobber or 
drop us a line and request a Sight Feed cata¬ 
logue. You’ll be ^ad you did! 



THE SIGHT FEED GENERATOR COMPANY 

Sole; Richmond, Indians * Factory: W. Alexandria, Ohio 
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SMITHway llectred** in 
action— Mass-productipn 
welding of both ends of 
SMITHway Ptrmaglas 
Automatic Storage Water 
Heaters completes one 
tank each \^/t minutes. 


VC^LDING a glass-lined head to a glass-lined shell is quite a 
trick in itself. But with automatic welding heads and SMITHway 
electrodes, the setup shown above welds at the rate of 80,000 
water heater tanks per year. 


Day in and day out, mass production line jobs are taken in 
stride through the use of SMITHway electrodes. More and more 
manufacturers are including welding as a better method of fabri¬ 
cating most steel products. 

Write for SMITHway Welding Electrode Catalog, and make 
the most of Welding as a production tool in your own operations. 

hOa/t Bo^ul *JUu. MoniU! 



Mild Steel... High Tensile... and Stainless Steel 


SAUTHwoy WaW/ag Momllor 

trains Better welders, faster. 


SMITHwok 

Certified 

WELDING 

ELECTRODES 


WELDING ELECTRODES 

mode by welders ... for welders 


SMfmwoy A. C. WoWteg Moehimm 

safes power t diminates are blow. 



a.o.Cmith Corporation 
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A LETTER TO THE EDITOR 

The Lincoln Electric Company 
12818 Coit Road, 

Cleveland, Ohio 

May 2, 1945 

My dear Sit: 

The greatest handicap to the full 
application of arc welding to industry is 
the lack of technical standards covering 
electrodes. We have been struggling 
with this problem for the last twenty-five 
years, without a technical specification. 
In spite of that, there is no one in the 
Welding Society who is working on the 
development of such standards. The only 
approach to such standards is the present 
so-called “purchase specifications’’ being 
developed by the Filler Metal Committee. 
These “purchase specifications,” however, 
cannot be used for control of product in 
actual production. 

First, they do not apply to small elec¬ 
trodes. 

Second, the time required for testing 
even one electrode is over 100 man-hours. 
Hence, any lot of electrode that is being 
used and is questioned cannot practically 
be tested tmder these specifications. 

Third, present “purchase specifications” 
would not allow electrodes which would 
make a deposit homogeneous with the 
parent metal. 

This lack of proper standards cannot 
be allowed to continue if the welding in¬ 
dustry is to serve the public properly. 


The following suggestions are advanced 
as indications only, as to the direction in 
which a proper technical standard might 
go. 

1. That the weld should be as strong 

as the parent metal. 

2. That when the weld is made and 

bent, the outside fibers shall show 
an elongation of at least 25% 
without fracture. 

If a porosity specification is desired, 
the following could be used: 

3. A test joint shall be welded in plate 

and broken open through the 
weld. In any straight line in the 
fracture, at least 95% of the weld 
metal shall be free from porosity. 

Such a specification would assure welds 
which would never fail in an actual struc¬ 
ture, under any imaginable conditions. 
It is simple, the test can be made imme¬ 
diately on any batch of wire at any time, 
and with very little effort. There would 
be no doubt as to the electrode being 
satisfactory if it would pass these tests. 

Very truly yours, 

(Sgned) J. F. Lincoln, President 

\Editorial Note.—The new A.W.S.-A.S.T. 
M. Specifications for Iron and Steel Arc 
Welding Electrodes—Serial Designation 
A233-45T will appear in the August 1945 
issue of The Welding JotniNAL.) 


V. E. DAY—AND THE PART WELDERS 
PLAYED- 

On May 8, 1945, the United States. 
England, Russia and our other Allies pro¬ 
claimed V. E. Day, the day on which 
hostilities in Europe ceased, ending one 
of the world's greatest conflicts for the 
preservation of democracy. V. J. Day is 
still to come, and we are expected to carry 
on, because until Japan is defeated our 
fighting forces will depend on us, and until 
then we will continue doing our job just as 
well as we have in the past. 

We welders have been doing our job, 
satisfied with the results of our efforts, 
never asking for or expecting glory or 
honors, being satisfied that we contributed 
much to bring about victory. However, a 
summarization of our efforts is appropriate 
at this time, and a composite picture will 
give us cause for a greater satisfaction and 
realization of our efforts, not only by us 
welders, but it will be a means of present¬ 
ing to others the importance of the part 
we played in the war. 

In the aircraft industries including 
hundreds of companies building planes 
and aircraft accessories, welding has been 
utilized in their production lines. Other 
companies have welded ships, barges, P.T. 
boats, L.S.T.’s and other watercraft. In¬ 
dustries engaged in the production of re¬ 
frigeration equipment, shells, guns and 


* Submitted by I. A. Cnwford Mfg. Eng., 
Member A. W. S 



HBASTIAN-BLESSINIP^ 


4241 Patarson Ava. Chicago 30/ 111. 

Pionaar* ond Laodart in Equipmant for Using 
and Controlling High Prastvra Oatas 


YOUR 

WELDING OPERATIONS 
LIKE A TRAFFIC LIGHT? 


O You can eliminate costly "Stop-Go, Stop-Go" operations in your 
shop by installing the RegO Manifold designed for your requirements. 

You not only gain the advantage of uninterrupted operations, but also 
save valuable production space and eliminate hazards, time and 
trouble caused by wheeling full and empty cHnders 
through a busy department. 

Learn about all the advantages you can get with RegO Manifolds 

. . . there’s no obligation . . . write today! 
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Noviweld-Didymiuin Lenses enable the welder operations — chipping, grinding and wire 
to look right through cloudy yellow sodium brushing — cost less in time and money, 

flare and see the rod and molten area clearly — Kight noWy you can get immediate delivery of 
with full protection against the dangerous Noviweld-Didymium Lenses for the welding 
hazards of ultra-violet and infra-red rays. goggles of all of your operators in shade 

With a charer picture of his work, the welder numbers 4, 5 and 6. Phone, wire or write to 

can lay cleaner beads. As a result, secondary your nearest AO Branch Office. 

American ^ Optical 

COMPANY 

SOUTHBRIDGE, MASSACHUSETTS 
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other ordnance supplies have utilized 
welding. We welders have made possible 
the meeting of production schedules, 
thought impossible a few years ago. Re¬ 
member when oixr Government asked for 
fifty thousand planes a year? In 1944 
statistics show that ninety-five thousand 
planes were produced. We welders helped 
make that possible. 

Welding was predominant in the pro¬ 
duction fields; however, without welding 
in other fields, V. E. Day might have been 
delayed and V. J. Day might be far, far, 
away. Remember Pearl Harbor, and the 
wanton destruction by the Japs, of our 
naval equipment on Dec. 7th? In a few 
days after the attack, salvage work was 
started, battleships which the Japs 
thought were damaged, were able to again 
steam out of the harbor and play an im¬ 
portant part in naval engagements. The 
salvage and reconditioning of the battle¬ 
ships was possible because welding and 
cutting were utilized. Portable welding 
equipment at the battle fronts made it 
possible to send damaged tanks, trucks, 
jeeps, etc., back into battle, hastening the 
defeat of the enemy. 

Remember the early days of the war in 
the South Pacific and the C. B.’s? Enlist¬ 
ments of personnel, experienced as welders, 
were offered ratings as an inducement for 
enlistment. The C. B.’s made it possible 
for the boys who were to come later, to 
prepare for a more aggressive warfare 
against the Japs. Living quarters, fuel 
tanks, air strips, roads, etc., all represent¬ 
ing problems—problems made easier be¬ 


cause of welding. This is also true of 
battleships, damaged in battle, or due to a 
serious breakdown of a part of the mech¬ 
anism. In many instances, the ship 
would become easy prey for submarines, 
but again welding was utilized and the 
repair was made in time for the ship to 
rejoin its convoy and proceed under the 
protection of the navy battleships. 

Welding has not been confined to war 
production, but has been the means of 
solving problems on the home front. With¬ 
out welders the transportation of food, 
clothing, machinery, etc., would have 
bogged down. Thousands of trucks are 
on the highway, because a broken part, 
that could not be replaced, was welded. 
Farm equipment that has passed its 
normal useful life is still being used to pro¬ 
duce foods, due to the fact that by weld¬ 
ing, the equipment can be kept operating. 
When V. J. Day comes, and we return to a 
normal life, free of the tenseness of war, 
let us give thanks to the welder and the 
job he did. When we see the reflections of 
a bluish cast reflected in the sky, as we 
drive along after dusk, emitting from a 
window or a skylight of an industrial 
building, let us remember that the welder, 
clad in overalls, leather apron, leather 
gloves and leather sleeves, his face hidden 
behind a hood, is at work, and that his 
efforts did contribute much to V. E. Day, 
and that he is doing his best to bring V. J. 
Day nearer, as are others in industry, mak¬ 
ing it possible for our boys in uniform to 
defeat the enemies of Freedom, a bit 
easier. 


WELDING RESEARCH WILL IMPROVE 
POSTWAR PRODUCTION 

That scientific research has more than 
justified its existence in the field of electric 
resistance welding by extending the use¬ 
fulness of this high-production process to 
important new fields was the opinion ex¬ 
pressed recently by Charles Eisler, presi¬ 
dent of Resistance Welder Manufacturers 
Association. Reviewing the progress 
which had been made during the war pro¬ 
duction period, Mr. Eisler pointed out 
that at the inception of this production, 
there were two ways indicated to save 
weight. One way was to use light metals 
and high-strength, low-alloy steels. The 
second was to use resistance welding for 
assembly, because this process does not 
require the use of any additional fastenings 
and therefore adds no weight to the 
assembly. The high speeds at which re¬ 
sistance welds were made represented an 
additional advantage. 

However, metallurgical difficulties were 
encountered in the welding of many of 
these materials and it soon became evident 
that procedures would have to be modified, 
and process controls improved, in order to 
obtain the weld quality that was required. 
The industry promptly joined forces with 
several interested agencies to sponsor a 
large group of research projects, directed 
at the solution of these problems. This 
research has been bearing fruit. Stored 
energy types of resistance welding 
machines were developed which are capa¬ 
ble of delivering the high currents needed 



ALUMINUM WELDING PROBLEMS 
OVERCOME BY KRE-CO BRAZING 


Brazing Aluminum is not tricky when you 
use the KRE-CO ALUMINUM BRAZING 
PROCESS. A simple method for complet¬ 
ing a perfect bond even with thin gauge al¬ 
uminum. The process makes brazing pos¬ 
sible at a temperature safely below the melt¬ 
ing point of the parent metal. A 5% Sili¬ 
con Rod may be used. Request Bulletin J6. 


KRE-CO MULTICHEMIC FLUX 

DIVISION OF 

CHARLES W. KRIEG CO, 

52-60 Dickerson St. Newark 4. N.J. 



BETTER WELDING 

at 


LOWER COST 



TMIS KALf 
UNIREATED 


NO-SPAT 


The Welding Fluid 
That Is Non-Toxic 


NO-SPAT prevents w«ld- 
109 >patt«r irom adhoriog 

to matal aoztaoaa pr^ 

tocta natal agalnat nut — 
MTW Una and labor coats. 
THIS HAIP gspooially valitablo In 
TREATie kooplng woldlng ligs 
WITH cloan. Unblasod aotoottito 
NO-SPAT toatsabow NO-SPAT main¬ 
tains maxtonim welding strength — cednees fumes 30 jperoent — does 
not produce carbon monoxide. Extremely inexpenslTe. No 
quired. No time wasted. Apply and start welding at once. Write for 
FREE SAMPLE and detailed engtoeering teet Bulletin. 


FREE 
SAMPLE 


THE MIDLAND PAINT & VARNISH CO. 

9126 Rene Atmib« CUrdana 9, Ohio 
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No need to |og your 
imagination on normal, 
big-demand uses for fab¬ 
rications such as these 
resistance welded on a 
Federal. 


This special fixture is for welding blitz cans, but you 


con quickly sketch many ether shapes that could go 


Into production on this machine. 


\Ai E I r\ E D ^ ^ »«"<■ street 

W t L U t K WARREN, OHIO 


VERSATILE MODERN 
PRODUCTION TOOLS 


400 WELDED PAILS PER HOUR 

An ingenious application of autO' 
matic resistance seam welding to the 
fabrication of five>gallon pail bodies 
has been developed by Ine Federal 
Machine and welder Company, is 
currently producing 400 bodies per 
hour for a large manufacturer of con¬ 
tainers. Operau>r merely inserts formed 
body in special indexing fixture, 
presses foot pedaL Balance of opera¬ 
tion is automatic, including ejection 
of finished body. Still greater produc¬ 
tion is in sight with design improve¬ 
ments newly added to this machine, 
which is adaptable to fabrication of 
any cylindrical container, not re¬ 
stricted to five gallon capacity. 


WELDING RADIO TUBES 

Producing metal radio tubes in vast 
quantities with a low percentage of 
"leakers” is a problem. It is being 
very successfully done by projection 
welding on an ingenious press type 
welder develope<r by The Federal 
Machine and Welder Company. The 
machine produces a triple weld . . . 
welding the socket to the filament 
assembly and these to the casing. It 
is all done in one operation, auto¬ 
matically indexed and producing 2500 
tubes per hour. 


HOW BARRELS ARE MADE 

Latest informative book to come 
{torn the press under the sponsorship 
of The Federal Machine and Welder 
Company is one describing in detail a 
complete steel barrel production plane 
designed and built by Federal. Built for 
army supply base use, the plant em¬ 
ploys equipment adaptable to peace¬ 
time container fabrication, has a capac¬ 
ity of 70,000 barrels (55 gallons) per 
month. A limited quantity of these 
books are available to designers and 
fabricators of containers sufficiently 
interested to write, giving company 
name and individual title. 


MORE ABOUT SPOT WELDERS 

Condensed information on spot 
welders that is particularly useful to 
anyone not familiar with meir appli¬ 
cation is featured in new bulletins 
now available for free distribution by 
The Federal Machine and Welder 
Company. "Type R” bulletin describes 
rocker arm machines for general util¬ 
ity welding. "Type P” bulletins are 
on the subject of press type welders 
for a wide range of spot, projeaion, 
"Percussion” and mash welding. 
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for welding the light metals. Weld qual¬ 
ity and production rates were both im¬ 
proved by cooperative studies of surface 
cleaning procedures for aluminum. Use 
of the oscillograph for measuring welding 
current and welding pressure provided a 
valuable method for evaluating the 
effects of these variables on weld quality 
and for establishing satisfactory pro¬ 
cedures. Investigations of surface con¬ 
tact resistance provided a valuable con¬ 
trol of the effectiveness of surface cleaning 
solutions. Satisfactory spot welding of 
hardenable steels was made possible by 
new techniques, involving the post heat 
treating of spots in the welding machine 
-immediately after welding. 

Mr. Eisler commented that these new 
applications are all possible with conven¬ 
tional equipment, and that the modifica¬ 
tions of procedure to get the desired weld 
quality are extremely simple. The metal 
fabricating industries will, in fact, be able 
to utilize practically all of the wartime re¬ 
search, which has already paid for itself 
in increased production. 


NONMAGNETIC USES OF 
MANGANESE STEEL 

"Non-Magnetic Applications for Amsco 
Manganese Steel” is the title of the first 
comprehensive work published on that 
subject; a 32-page illustrated bulletin just 
issued by the American Manganese Steel 
Div. of American Brake Shoe Co., Chicago 
Heights, lU. 


Presented in this bulletin are studies 
with Illustrations of typical applications 
where nonmagnetism and the ability to 
withstand shock and wear were equally 
vital factors in the selection of manganese 
steel. These applications include lifting- 
magnet cover plates, collector shoes, 
fingers for stator cores, magnetic separator 
drums and rollers, electric furnace parts, 
aircraft instrument testing devices and a 
number of railroad applications. These 
studies may point the way to the solution 
of many problems includmg welding. 
The story of manganese steel and the 
company’s research facilities are also 
covered in Bulletin 1144-NM, which will 
be mailed on request. 


NEW MANUAL ON PROJECTION 
WELDING 

Projection welding, its part in the field 
of resistance welding and its applications 
in connection with headed and threaded 
products is the subject of a manual en¬ 
titled ‘'Projection Welding” recently is¬ 
sued by the Ohio Nut & Bolt Co. of Berea, 
Ohio. 

The manual discusses the adjustments 
with respect to heat, pressure and time so 
necessary in the welding operation to the 
obtaining of the perfect weld; just how 
and why the development and the use of 
the electronically controlled machines 
have facilitated the making of those ad¬ 
justments ; the economies effected and the 
superior bonding and fastening results ob¬ 


tained thereby in the assembly and sub- 
assembly part of present-day industrial 
production. 

The manual points out that comple¬ 
mentary to the contribution which the 
electronically controlled machines have 
made toward facilitating making the ad¬ 
justments necessary in the welding opera¬ 
tion has been the progress made in the 
development of the weld bolts, nuts and 
kindred products which are also designed 
to accomplish that end. 


CUTTING TOOL PRACTICE 

Culling Tool Practice, by H. C. Town, 
and D.Potter. This book is a com¬ 
panion volume to Jig and Fixture Prac¬ 
tice, and contains a considerable amount of 
information on the latest developments of 
metal cutting tools. This applies not 
only to single-point tools, but to multi¬ 
cutting tools of some complexity de¬ 
veloped for high production purposes, 
while tools for the newer cutting opera¬ 
tions such as down cut and negative rake 
milling, diamond tools and specialized 
bobbing are given much prominence. 

The characteristics of the different cut¬ 
ting materials are fully described and the 
appropriate heat treatments suggested 
along with information on the means of 
sharpening. 

The book will prove of assistance to all 
engaged in the use or design of cutting 
tools or the machines using them, and 
particularly in Technical Colleges to engi- 
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Two brazing opcntiona are required for 
each gaa-type circulating water heater, joiiw 
ing the inner and outer ooila to the two 
pipe caatinga—make four Phoa>Copper 
jointa in each. 



a tip to do$ign onginoors! You get high 


You get high production ssed—and elimU 


•« • 


nate costly machining time/-when you use 
Phos-Copper brazing. With »is process, many 
cast and machined parts arcweing replaced by 
structures built up from ample, easily pro* 
duced components. / 

With Phos-Copper brazing of copper, bronze 
and bra'ss, tests have showA joints stronger than 
the parent metal...corrosjpn resistance equaling 
the parent metal . . . Aectrical conductivity 
i^S^asgreat. Its low, faee-flowing temperature 
[II null ill! Ill II iinij ii|/i|^lii sections. 

Phos-Copper brazing may be done in any of 
five ways—by gas, incandescent carbon, dipping 
and electronic heat and in a furnace. Phos- 
Copper comes in rod, strip and special shapes. 

Because of the many advantages, Phos-Cop¬ 
per is replacing tin and silver-base solders. For 
further information on Phos-Copper, ask your 
Westinghouse representative for book B-3201. 
Or write for it, to Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Pa. 


j-ms6 


The coil tx-ing brazed haa just been routed from two ocher 
poatioai where gas flames preheated the joints. The flame at the 
Inang positioa maintains the heat and flows the }^inch Phos< 
Copper rad. The ten-position rotating fixture produces l 6 oo braw 
lag opnoow of two jointa each, or 800 coil assemblies per shift. 
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neering students taking the Higher 
National Certificate in Production Engi¬ 
neering, or the City and Guilds of London 
Examination in Machine Shop Engineer¬ 
ing. Price $3.50. Paul Elek (Publishers) 
Ltd., Africa House, Kingsway, London, 
W.C. 2. 


AMPCOLOY BRONZES 

Ampco Metal, Inc., Milwaukee 4, Wis., 
have just issued Bulletin 59, describing 
their Ampcoloy alloys, a series of bronzes 
of controlled analysis. 

The new bulletin contains photomicro¬ 
graphs, physical properties and chemical 
compositions of the Ampcoloy series. 
Among Ampcoloy alloys are aluminum 
bronze, high lead, bronze, tin bronze, 
manganese bronze, beryllium copper and 
high conductivity alloys. 

Copies of the new Ampcoloy bulletin 
wUl be sent on request to Ampco Metal, 
Inc., Milwaukee 4, Wis. 


X-RAY DIFFRACTION APPARATUS 

The Picker X-Ray Corp. of 300 Fourth 
Ave., New York 10, has just issued a new 
bulletin on the above subject. The bulle¬ 
tin contains a complete description of the 
Picker products, but readers of The 
Welding Joxjrnal will particularly be 
interested in this bulletin since it contains 


a section devoted to the application of X- 
ray diffraction and gives typical diffraction 
radiographs and their interpretation. 
Copies of the bulletin will be gladly sent 
upon request of the company. 


FLASH WELDING 

“Flash Welding—A Solution to As¬ 
sembly of Forged Parts” is the title of a 
new 4-page, 2-color folder produced by 
The American Welding and Manufactur¬ 
ing Co., Warren, Ohio, and available upon 
request. A description of the advantages 
of flash welding as a saver of machine 
time, stock, weight and handling is liber¬ 
ally illustrated with data and pictorial 
examples. Methods by which welded 
assemblies cut production costs are also 
described. 


THE FUTURE OF WELDING 

The annual booklet of Victor Equip¬ 
ment Co., 844-54 Folsom St., San Fran¬ 
cisco, tells Victor stockholders, employees, 
distributors and customers something 
about its company, the welding industry 
in general, and gives a glimpse into the 
future possibilities. Its historical sketches 
are interesting and instructive. The 
products of the company are well diversi¬ 
fied. 



CASS TO FOOTE MINERAL 

Foote Mineral Co., Philadelphia, makers 
of welding rod coating ingredients, an¬ 
nounces the addition of Boyd E. Cass to 
their staff. Mr. Cass, in his capacity as 
Welding Engineer, will render a technical 
service to industry. He majored in chem¬ 
istry at Grove City College, Pa., and was 
formerly with Camegie-IUinois Steel 
Company, Youngstown, Ohio, and Senior 
Metallurgist at Baldwin Locomotive 
Works, Eddystone, Pa. Mr. Cass is a 
member of the American Welding 
Society. 



BEHIND THE SCENES AT 

Tincted Ti^eleUtt^ 


Submit your 
drawinoi lor cott 
otlimolot or fool 
froo to <on*ull 
Unilodonginoor*. 




Thor* you will find ihe latest in facilities, including sand 
blost equipment, onnealing ovens . . . everything nec¬ 
essary for the production of welded products or ports in 
great volume. 

There you will find operotors long skilled in fobri- 
coling parts loid out by engineers equally skilled in 
design. 

Weldments of greet size ond weight . . . simple or 
complicoled . . . o few parts or runs of mony thousands. 


THE UNITED WELDING CO. 

MIOBIITOWN, OHIO 


WltDINC fAICICeroeS or MOOfltN OtSIONS 








for “ ''“"■I 






OAKITE 

M*TI»IAIS. MItHODS SItViCf 


CLEANING 

<0« IVIIT ClIANINC KOUnfMENI 


THE WELDING JOURNAL 


676 


Digitized by LnOOQle 


JULY 







iACE ELECTRODES 


TRAOC 

MARK 


• This new page book is so informa¬ 
tive, so complete and so easy to use, 
that we prophesy in many shops it 
will soon become dog-eared from 
constant use. 

Twenty-eight different classes of 
production welding are listed. Op¬ 
posite each is the recommended 
electrodeorgasrod. Complete speci¬ 
fications and welding characteris¬ 
tics of each electrode and rod are 
tabulated for quick reference and 
easy reading. 

You can get copies of this book 
from your PAGE distributor. Or, if 
you prefer, write to the PAGE factory 
at Monessen, Pa. Ask for DH-821. 


Monessen, Pa., Atlanta, Chicago, Denver, Los Angeles, New York, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 

AMERICAN CHAIN & CABLE 
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HESS PROMOTED 


Dr. Wendell P. Hess, widely known for 
his research in welding processes and con* 
sultant to shipbuilding, aircraft, steel and 
metal companies, has been promoted from 
associate professor to professor of metal* 
lurgical engineering at Rensselaer Poly* 
technic Institute. 

Recipient of the Lincoln Award of the 
Ambrjcan Wbldino SociBTY for a paper 
“representing the greatest contribution to 
the advancement and use of welding for 
the year 1944,” much of Dr. Hess' work 
during the war has been in the improve¬ 
ment or development of welding methods 
to speed production of war mat6riel. 

Promoted at the same time from assist¬ 
ant to associate professors were; Dr. 
William H. Rauscber, chemical engineer¬ 
ing; Dr. Joseph S. Kinney, civil engineer¬ 
ing; Dr. Warren C. Stoker, electrical 
engineering; Richard W. Schmelzer and 
Jay Reid Gould, English; Harold A. 
Wilson, mechanical engineering; Augustus 
A. Jones, metallurgical engineering; Ken¬ 
neth H. Moore, physics; and Roland H. 
Trathen, technical mechanics. 


PREFABRICATION OF POSTWAR 
HOMES 

Experience and knowledge gained from 
wartime design are focusing attention 
upon the use of sted in the prefabrication 
of postwar homes, said Milton Male, re¬ 


search engineer, U. S. Steel Corp. of 
Delaware, in a discussion of future con¬ 
struction techniques. With growing ap¬ 
preciation of the advantages inherent in 
steel, as well as a better understanding of 
some of its construction limitations, he 
added, the building industry will doubtless 
find many new uses for this versatile metal 
when the war ends. 

Steel has long been utilized in housing 
for such purposes as lathing, trim, roofing, 
windows, and for plumbing, kitchen and 
bathroom equipment, Mr. Male pointed 
out, and new uses include structural fram¬ 
ing and covering, for which the steel is 
cold formed to the desired shape from the 
originally flat, light gage sheet or strip 
less than in. thick. He asserted that 
special emphasis is being laid upon steel 
for the single-family, shop-prefabricated 
home. 

“Compared with other common building 
materials,” Mr. Male said, “steel has high 
strength. In light gage steel for struc¬ 
tural purposes, the minimum tensile 
strength is 55,000 psi., and the yield 
strength (the more important criterion for 
design) 33,(XX) psil This great strength 
offers wide opportunities to designers and 
architects, especially for house framing. 
It must be remembered that residential 
loads are relatively light and that to take 
advantage of st^ strength, structural 
members frequently may be made thinner 
than practicable for other purposes.” 

In summing up, Mr. Male said that sted 
not only offers the prefabricator homes 


the advantages of strength, durability, 
dimensional stability, and easy and eco¬ 
nomical fabrication, but also incombusti¬ 
bility and “the consequent reduction of 
fire hazards, always an important factor in 
public acceptance.” 


CHEMICAL FORMULARY 

The metal and alloy industry will find 
much of interest and utility in the recently 
published Volume VII of The Chemical 
Formulary. Behind this simple title 
there are 2500 formulas for making almost 
anything easily, quickly and inexpen¬ 
sively, including a large section devoted 
exclusively to the field of metals and al¬ 
loys. Edited by Harry Bennett, holder 
of eleven chemt<^ patents, these ftMmulas 
represent millions of dollars and years of 
research by the country's foremost chem¬ 
ists. The Chemical Porynulary Is imique, 
being the only large-scale collection of 
formulas covering the industrial-agricul¬ 
tural-chemical field. It is published by 
the Chemical Publishing Co. of Broddyn, 
N.Y. (Price, $6.) 

Containing over 150 formulas. Chapter 
XII on metals and alloys covers the field 
in a long index of formulas ranging from 
aluminum plating to zinc coatings. In¬ 
cluded are formulas tor the passivation of 
stainless sted wire; for rustproofing; for 
silver mirrors on glass; for ctnroaon- 
proofing magnesium alloys; for foundry 
composition, mold and wash; for hard 



Reach for 

DUCTONE 

(E6011) AC (E6013) 

WELDING RODS 


Available again, after three yeors of war service. 
DUCTONE AC rods are designed and manufactured 
especially for AC welding, It is the best rod for oil 
position and general purpose welding. DUCTONE AC 
rods have deep penetration, are good on dirty mate¬ 
rials and operate on exceptionally low current. Small 
sizes ore especially good for thin 
sheet metal. Excellent for vertical 
and overhead welding on DC posi¬ 
tive polarity. Extruded in oil sizes 
from I 16 to 1/4". See your dealer. 


Chicago Steel and Wire Co. 
103rd Sr. and Terrence Ave. 
Chicago 17, Illinois 


Are you the Welding Engineer we are looking for? 
We are an old and nationally known manufacturer of 
gat welding and (lame cutting apparatus. We are 
looking for a design and development engineer with 
vision. Hit opportunities will be many and his re¬ 
muneration equal to his talents and knowledge. He 
will know how to work alongside of others. His age 
might be in the thirties and he will have experience in 
the gas welding and flame cutting processes and 
understanding or the equipment involved. He will 
know more about how to reach an objective than 
why it cannot be done. Are you that man? In re¬ 
ply write to Box V-164, % the Welding Journal, 
33 West 39th Street, New York 18^ N.Y . 


TIP CLEANING DRILLS 

Mounted in Knurled 

BRASS Handled 

LARGE* STOCK 
PROMPT DELIVERY 
NO RATING REQUIRED 

DISTRIBUTORS WANTED 

NEW MEXICO STEEL CO. 

Box 691, Albuquerque, N. M. 
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Making Stainless Steel Electrodes 
is a McKAY Specialty <.. 
Using them is yours! 



McKay Stainless Steel Welding £lec« 
trodes are “tops ” in quality. There are 
good reasons for this leadership. 

Among these are the standard McKay 
practices of: (a) Continued research in 
the Mellon Institute at Pittsburgh, Pa., 
as well as in our own laboratory at York, 
Pa.; (b) Analyses and correct selection, 
before coating, of all core wires; (c) use 
of either Titania or Lime Coating as pre* 
ferred by you . . . not just one coating 
for all grades; (d) Every “batch” pilot 
tested before production; (e) production 
runs crack tested, pad analyzed, weld metal 
analyzed, physically tested ... or all of 
these if necessary ... to prove quali^; 
(0 Exact analysis stamped on each pack¬ 
age and certified upon request. These 
precautions, plus most modern produc¬ 
tion facilities, assure you of complete 
uniformity and successful performance. 

You can weld better with these better 
electrodes! To test your knowledge of 
practical stainless steel metallurgy, ask 
tor your free copy of the new booklet, 
.“Things to Know About Welding Stain¬ 
less Steels.” 


TRY YOUR HAND AT THESE QUESTION* 
ABOUT STAINLESS STEEL 


A Stainless steel electrode oper¬ 
ated on reverse polarity sends its 
metal droplets across the arc 
against the stream of the electrical 
current. 

When welding stainless steels a 
short arc is preferable to a long 


□ [ 


arc. 


16 . 


□ 


In order to be certain of the alloy 
content of welds the user of stain¬ 
less electrodes should specify the 
analysis of the electrode core wire. 

■«I»d St -anJi fV SH2A 

Questions 1 to 13, inclusive, have 
appeared in preceding advertise¬ 
ments. 


General Sales Office: Yorkt Penna, 
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noncorrosive gold jewelry alloy; for den¬ 
tal filling alloy, for the various solders; 
welding flux and many others too numer¬ 
ous to mention. 

A new volume of The Chemical Formu¬ 
lary is issued every two years by the 
Chemical Publishing Co. Each of the 
seven volumes is different and can be used 
separately or as a set. Directions for mak¬ 
ing the formulas are simple and direct. 
It is possible to mix any desired amount of 
the product in question. In addition, the 
volume contains an index giving the names 
and addresses of mail order firms handling 
ingredients which otherwise might be dif¬ 
ficult to procure. 

Volume VII of The Chemical Formulary 
can be obtained at any bookstore or by 
mail order. 


HASSE PROMOTED 

Frank C. Hasse has been elected Vice- 
President, Mechanical Department of The 
Oxweld Railroad Service Co., a Unit of 
Union Carbide and Carbon Corp. Mr. 
Hasse has been associated with The Ox- 
weld Railroad Service Co. since 1913. 

Mr. Basse’s long career in the railroad 
industry began in 1904 with The Atchison, 
Topeka and Santa Fe System. There¬ 
after he was successively a fireman on the 
Chicago, Burlington and Quincy Railroad, 
roundhouse foreman and subsequently 
general boiler foreman with the Illinois 



Frank C. Hassa 


Central System. Mr. Hasse started as an 
instructor with his present company in 
1913, and was assigned to the Chicago 
main office in 1916. 

Early in World War I Mr. Hasse entered 
the Army as a captain. He became super¬ 
intendent of construction at Camp Norm- 
yle, San Antonio, Texas, and subse¬ 
quently held the post of commanding 
officer of this camp. Shortly after re¬ 
joining the company in 1919, Mr. Hasse 
was made Superintendent of Construction 


and Maintenance, and in 1927 was 
appointed General Manager. 

Mr. Hasse has long been prominent in 
the promotion of education and training 
in oxyacetylene welding. He is a member 
of the American Welding Society, 
Master Boiler Makers Association, Ameri¬ 
can Society of Mechanical Engineers, 
Western R^way Club and the Interna¬ 
tional Acetylene Association. He is also a 
member of the Canadian Railway Club 
and an overseas member of the Institution 
of Welding Engineers of London, England. 


WELDING RESEARCH COUNCIL AP¬ 
POINTS W. SPRARAGEN AS DIRECTOR 

The Welding Research Council of the 
Engineering Foundation has announced 
the appointment of W. Spraragen, present 
executive secretary of the Council, to the 
newly created position of Director. The 
Welding Research Council is a cooperative 
scientific research organization which is 
engaged actively in the study of matters 
related to the science and art of welding. 
Sponsored by the American Welding 
Society and the American Institute of 
Electrical Engineers it operates in close 
cooperation with all major engineering 
societies. It has an annual budget of 
more than a quarter of a million dollars 
and these funds for research are provided 
by large users of welding and welded 
products, and various governmental 
agencies. 




OpportnnitiM in RMMceh 

Unusual postwar opportuniliea wUl ba available at Battelle Memorial 
Inatitute for qualified reaearoh men now in the eervioee or engaced in 
war reeearcb. 

Tbia endowed industrial and sdentifie reeearoh institution will add a 
selected number of competent scientists to its staff just as rapidly as 
they can leave their present war responsibilities. The men chosen will 
be given every opportunity to develop in their professional fields and to 
apply their scientific knowledge to the solution of industrial problems. 

Such men will find modem scientific tools available for their use in 
the well-equipped Battelle laboratories, and they will be aided by a 
comprehensive program of fundamental research designed to expand 
their knowledge and their ability. Battolle operates in an unusual 
atmosphere which has a strong appeal to the professional research man. 
Opportunities for further education, technical growth, and adminis¬ 
trative responsibility exist. 

Experienced research men in the fields of chemistry, chemical engi¬ 
neering, electrochemistry, physics, metallurgy, fuels, light metals, plas¬ 
tics, ceramics; mechanical enmneering, design and product engineering 
electrical engineering, applied mechanics, mining, raw materials, snd 
allied technical professions will bs considered. 

Whatever your postwar plans may be, inquire now about these oppor¬ 
tunities at Battelle. Write to: 

BATTELLE DIBTITUTE 

coLVMBos I, omo 


We manufacture a complete line 
of resistance spot welders from 
Yi to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 


TRAKSFORNERS of au types 


WE INVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES. 
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F AST Higgins landing craft must use distilled water in the 
cooling of their power plants. It is essential that the distillation 
unit be both sturdy and splash-proof. 

In fabricating this unit, Higgins Industries, Inc. uses seam 
welding. The Sciaky welder above is speeding the production 
of distiller cabinets. A single sheet of 24 gauge Monel metal is 
formed, then welded with a single longitudinal lap joint near 
the corner. The result is a strong, waterproof joint, produced 
with speeds up to 78" per minute. No special skill is required 
of the operator. 

We can help you design your product to take advantage of this 
modern fabricating process. A variety of special wheels, man¬ 
drels and jigs can be adapted to your problem. A new booklet 
describing our 180 KVA series machines, including general 
information and tooling data is yours for the asking. Write for 
bulletin 113-A. 


SCIAKY BROS., 4915 W. 67th ST., CHICAGO 38, ILL 



Offices in New York, Washington, Cleveland, Detroit, Los Angeles 
Representatives in principal cities. Plants in London and Paris 



1945 


ADVERTISING 


Digitized by LirOOQle 


681 
























WUliam Spraragra 


Mr. Sprarageo has long been identified 
with research and welding. He has served 
as Executive Secretary of the Welding 
Research Council since its organization 
in 1935 and his connection with the weld¬ 
ing industry dates back to 1918 when he 
was appointed Research Assistant to the 
Welding Research Committee of the 
National Council of Defense and the 
Emergency Fleet Corporation. From 

1920 until 1934 Mr. Spraragen was Secre¬ 
tary of the Division of Enginemng, Na¬ 
tional Research Council, and Secretary of 
the American Bureau of Welding from 

1921 until 1936. He served as Technical 
Secretary of the American Welding 
Society from 1927 until 1942 and is 
Editor and Business Manager of The 
Welding Journal, official publication 
of the Society, of which he has been 
Editor since publication was started in 
19^. Mr. Spraragen was Editor of the 
first two editions of the Welding Hand¬ 
book published by the American 
Welding SoasTY and is the author or 
co-author of about 70 critical reviews of 
the literature on practically every phase 
of welding. 

An important duty assigned to Mr. 
Spraragen in his new post will be the ad¬ 
ministration of the work of a Pressure 
Vessel Research Committee now being 
organized which contemplates' the ex¬ 


penditure in this field of 1225,000 over a 
three-year period. 


WELDING ELECTRODES 

An interesting 8-page, letter-size leaflet, 
has been published by the Welding Equip¬ 
ment and Supply Co., 223 Leib St., De¬ 
troit 7, Mich., describing the Eureka 
Alloy Welding Electrodes, including heat- 
resisting, cast-iron, bronze, copper and 
alloy electrodes. 


FACT SHEET ON U. S. COAST GUARD 
ICEBREAKER MACKINAW* 

General 

The U. S. Coast Guard icebreaker 
Mackinaw is 290 ft. long, 74^/i ft. abeam, 
displaces 5090 tons and develops 10,000 
shaft horsepower. The vessel 1^ a nor¬ 
mal draft of 18 ft. 10 in., forward and aft. 

Ship was built by Toledo, Ohio, Ship¬ 
building Co. The keel was laid March 20, 

1943. The vessel was launched March 3, 

1944, and commissioned December 20, 
1944. 

Power Plant 

Six Diesel engines of 2000 hp. each drive 
six electric geuerators of 1375 kw. each. 
These generators supply power for three 
electric propulsion motors, one for the 
bow screw and two for the after propellers. 
Each of the stem motors is capable of sup¬ 
plying 5000 shaft horsepower and the for¬ 
ward motor 3300 shaft horsepower. All 
auxiliaries are electric with power supplied 
by four auxiliary Diesel-driven 200-kw. 
generators. Oil fuel capacity is 440,000 
gal. The tmique forward screw can 
rotate to advantage in either direction. 
It can be used to cut ice, to create a wash 
or vacuum, and when reversed to suck 
water from under an ice sheet. This 
changes the static buoyancy of the ice and 
facilitates icebreaking by the cutaway 
bow. Forward propeller is 12 ft. in diam¬ 
eter; the two after screws are 14 ft. in 
diameter. All propellers are three bladed. 

* Prom: Public Rclutioos Officer, U. S. CoMt 
Guard. 





U.S.C.C. Oficial Photo 

Fig. 1—Coast Guard Cuttar Mackinaw 
Breaking Through tha Ica on St. Mary's 
Rlvar Followed by 3 Cargo Vassals 


Plating 

Plating is !*/• in- thick at the ice belt; 
!*/• in. thick below the ice belt and */% in. 
thick above the ice belt. Mackinaw has 
30 miles of single-bead welding in plating 
and altogether throughout the 've^el 150 
miles of single-bead welding. There is 
not a single rivet in the entire hull struc¬ 
ture. 

General Construction 

General constmction consists of truss 
frames spaced on 16-in. centers. Space 
between shell and inner skin is utilized for 
fuel storage tanks. Vessel has facilities 
for carrying approximately 400 tons of 
cargo and provisions for 6 mo. Anchors 
are self-stowing and are located in housing 
hawse-pipes so that nothing projects be¬ 
yond the hull. Ship has a notched stem 
permitting entry of a freighter’s bow dur¬ 
ing towing or icebreaking operations. 
Towing engine has automatic tension con¬ 
trol which pajrs out 2-in. wire cable when 
excessive surges occur, automatically re¬ 
covering the cable when the pull drops be¬ 
low the value at which the control b set. 

Insulation 

Ship b insulated against 30” below zero 
temperature by a 3-in. layer of cork on all 
outside surfaces. 

Ballast Tanks 

Powerful pumps in the vessel are for 
trimming forward and aft and heeling to 


Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTI-BORAX” 

Aak for Them Unequalled for Quality 

A Flux for every metal: Cast Iron Welding Flux 
No. Brazing Flux No. 2; Braz-Cast Flux No. 4 
for bronze-welding cast iron; **ABC** Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
^Ider Brazing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 

ANTI-BORAX COMPOUND COMPANY 

Fort Wayne* Indiana 


WELDDffO APPLICATIONS 
ENGINEER 

Immediately; for sales engineering staff of leading 
manufiiaurer of resisunce welding equipment. Must 
have good engineering background and thorough knowl¬ 
edge of resistance welding. Although this is an old, well 
established company, he must team up with an organiza¬ 
tion of keen, hard working young men who will play a 
big part in company’s promising post war development. 
Give full details about yourself, including age, education, 
experience, family. Address Box V-167, % The Weld¬ 
ing Journal, 33 West 39 Street, New York 18, N. Y. 
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WHY ACP ELECTHODES ARE PREFERRED 
FDR ALL ROUND WORK WITH A C OR 0 C 


It makes a lot of difiference which electrode your operators use. If 
they don’t have a supply of the new Westioghouse ACP Electrodes, 
you are missing one of the most important welding developments 
in the past ten years. 

You can speed up work with the new ACP and improve the 


Flexarc ACP Electrodes speed production 
of sound welds in all positions_ 


quality of welds. The ACP rod forms a light, porous slag which 
can be easily removed by light brushing without waiting for the 
weld to cool. 


e Easy slag removal. Light porous 
slag permits quick removal with 
stroke of welding rod or light 
brushing . . . minimum amount of 
time and effort. 


And welds with an ACP electrode are strong, dense and ductile. 
Your operators will immediately sense a new drive and penetra¬ 
tion with the ACP electrode. It produces excellent results in mak- 
ing lap joints and horizontal fillet welds. Equally important to 
you is the fact that the ACP is an all>positioa a*c or d-c electrode. 

For complete information about this new electrode, write today 
for a copy of B*3353» Westioghouse Electric Corporation, P; O. 
Box 868, Pittsburgh 30, Paj i-aisss 


• No tag in overhead welds. Good 
flat beads... easy flow... that really 
stay put. 

• Easy arc control in all positions ... 
excellent physical properties. 

• Forceful direct arc, plus excellent 
metal transfer, nves high penetra¬ 
tion with compile fusion and easy 
manipulation. 

• High sp e ed, high burn>off rate. 

ACP efocMes mMt AWS end ASTM 
t psc W ceHeiw, Ons 1-4011 end i-6010. 


W^stin^house 

rUNTS IN 25 CimS . . . OPflCIS EveHYV^HW 

FLEXARC 



ONE OF THE WESTINGHOUSE “BIG 5” 


^WSTisnro 


fiftA 


Digitized by v^ooQle 














U.S.C.G. Official Photo 


Fig. 2—The Mackinaw in Straits of Mac- 
kinao 

The .new Coast Guard icebreaker 
Mackinaw passes through the Straits oi 
Mackinac in mid-winter convoy of shipping 
alona the Great Lakes waterway. The 
Maainaw, recently added to the U.S.C.- 
G.'s fleet, is the most powerful icebreaker 
in the world. 

port and starboard, keeping the vessel free 
when working on the ice. Four electric 
drive pumps are used to transfer 400 tons 
of water from port to starboard and back 
again in a total time of 4 min. The fore 
and after pump can transfer 150 tons of 
water in a completed cycle of 16 min. 
The trimming pumps can be used to place 
the vessel in the best icebreaking position. 



U.S.C.G. Official Photo 

Fig. 3 

One-hundred fifty miles of single-bead 
welding and not a single rivet in the entire 
hull structure of the new U.S.C.G. ice¬ 
breaker Mackinaw recently built by Toledo 
Shipbuilding Co., Toledo, Ohio. The 
anchors are self-stowing, and are located 
In housing hawse pipes so that nothing pro¬ 
jects beyond the hull. 


Speed 

Vessel recorded 18.8 miles per hour in 
full power runs during trials. 

Cranes 

Vessel has two 12-ton cranes aft to 
handle aids-to-navigation. 

Duties 

Destined to remain on the Great Lakes 
by virtue of draft and beam, the mission of 
the Mackinaw was clearly defined by Vice 
Admiral Russell R. Waesche, Comman¬ 
dant of the United States O^t Guard, 
who stated: "She will open shipping 
lanes probably three to four weeks earlier 
in the spring and keep them open later in 
the fall. She will be ready to aid commer¬ 


cial shipping whenever required to do so 
and to perform any rescue operations. Of 
imperative importance is her assignment 
to clear the way for new Navy construction 
that must move through the Lakes during 
the winter.” 

During the summer.the vessel will be 
used to handle the heaviest buoys on the 
Lakes; to carry oil and provisions to dis¬ 
tant lighthouses and stations; to serve as a 
training ship for Coast Guard personnel; 
and to do any salvage work that is neces¬ 
sary. 

Comfdement 

Comdr. Edwin J. Boland, U.S.C.G., of 
Buffalo, N. Y., is commanding officer of 
the Mackinaw. Normal complement is 10 
officers and more than 100 men. 


BLACKSMITH RE-SOLES HORSESHOES 
WITH ELECTRIC ARC METHOD 

Although the process of arc welding has 
invaded practically every known field of 
metal working including the blacksmith 
shop, the aged art of horseshoeing has 
maintained a unique position as an indus¬ 
try in that it is still linked to such con¬ 
ventional tools as the forge and anvil. 

Now even the blacksmith's traditional 
horseshoeing methods have given way to 
modem shielded arc welding, according to 


authorities of The Lincoln Electric Co.. 
Cleveland, Ohio. The claim is based on 
the successful experience of Charles H. 
Chism, veteran blacksmith of Coshocton, 
Ohio, who recently visited the Lincoln 
plant where he explained how he builds 
up worn shoes by electric welding without 
removing and replacing the shoes on the 
horses’ hoofs. 

Believed to be the first blacksmith ever 
to successfully practice this idea, Mr. 
Chism produced the accompanying photo 
which shows him actually rebuilc^g the 



Arc Welding Worn Surfaces of a Mine Pony's Shoes as Shown Here, Introduces a 
New Idea in Horseshoeing According to Charles H. Chism, Originator of the Idea 
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:Why so many welders prefer 


LOW MELTING POINT, 1625« F. 
SAVES TIME, OXYGEN AND ACETYLENE 
MAKES DENSE, TOUGH WELDS 
FLOWS FREELY • UNIFORM COMPOSITION 


Few welding rods combine all the advantages 
offered by Tobin Bronze*. That is why this 
general-purpose Anaconda Welding Rod is so 
widely used for repairs to cast and malleable 
iron, steel, copper, nickel and their alloys. 

Quick, sound repairs with Tobin Bronze are 
daily putting damaged production machines 
back to work. As a result, “Don’t Scrap It. . . 
Bronze Weld It!’’ has become in recent years a 
country-wide slogan for war plants. 


For detailed information on Tobin Bronze 
and other Anaconda Welding Rods, write for 
' Publication B-13» “Anaconda Welding Rods.” 

•Reg. U. 3. Pat. Off. tfin 

• • • 

NOTE: Restrictions which have controlled our 
facilities and products for war purposes have 
been relaxed. We are now permitted, subject to 
any continuing requirements of theGovernment, 
to resume manufacture for many civilian uses. 


Keep Foith With Your Fighfort and Yoursolfl Buy War Bends for Keeps 


THE AMERICAN BRASS COMPANY—General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company • In Canada: Anaconda American Brass Ltd., New Toronto, Ont, 
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toe and caulk of a mine pony's shoe with 
his shielded arc welder. 

“The shoes wear down,” said Chism, 
“especially in icy weather or in use on 
paved roads. Electric welding does away 
with the need of taking shoes off and put¬ 
ting new ones on for the old ones can be 
built up a couple of times this way very 


nicely.” He adds that the horse’s shoe 
does not get as hot as when originally put 
on in which case it is red hot so that it 
can be shaped to fit the hoof. After the 
welding operation, the horse's hoof is 
cooled by pouring on water. A light- 
coated, high-carbon electrode of V* in. 
diameter, specially designed to resist shock 


and abrasion, is used for these horseshoe 
re-surfacing jobs. 

Mr. Chism, who has been behind the 
anvil for 53 yrs., insists that horseshoers 
need not be afraid of applying the electric 
arc in this work. If the horse is the high- 
spirited type that may scare from the flash, 
a blanket should be held over its head and 
it will_stand quietly. 


NEW PRODUCTS 

The Society assumes no responsibility 
for the validity of claims in diis Section 


SWEATBAMD 

An absorbent sweatband specially de¬ 
signed for foundrymen, welders and all 
wtwkers on hot jobs is announced by the 
American Optical Co. of Southbridge. 
Mass. 

The sweatband is made from synthetic 
^xmge, 7V4 in. long, which covers the 
greater width of the brow. 

By keeping sweat out of the eyes and off 
goggles, the sweatband helps reduce the 
possibility of accidents resulting from 
blurred vision. In addition, it is comfort¬ 
able and can be easily sterilized for con¬ 
tinual use. 

A necesrity during the hot summer 
months, the sweatband, which is long 
wearing, will add greatly to the comfort 
of workers and thus increase their effi¬ 
ciency. 


SEEING THE ARC 

A new tool has been developed for 
studying the Welding Arc. The Reid- 
Avery Co.. Dimdalk, Baltimore, Md., 
announce that high-speed color films have 
been taken at 3200 frames per second, and 
show the Electric Arc of both mild steel 
and stainless steel electrodes. 

The phenomena observed in these films 
are extremely interesting, and definitely, 
refute a number of arc theories which most 
of us have accepted up to the present time. 
These films were shown for the first time 
at New York Shipbuilding before a large 
group of New York Shipbuilding personnel 
and Naval officers. After this they were 
shown at the Sun Shipbuilding and Dry- 
dock Co. at Chester, Pa., the Metallurgical 
Staff at Lehigh University, and a group of 
Naval officers and personnel at the Bureau 
of Ships in Washington. 


ELECTRODE FOR LOW-ALLOY, 
HIGH-TENSILE STEELS 

A new heavily covered arc-welding 
electrode for wdding low-alloy, high- 
tensile steels has been announced by the 
Electric Welding Division of the Graeral 
Electric Co. Specially designed for use on 
carbon-molybdenum steel in the high- 
pressure piping industry, this electrode 
may also be applied to vessels (fittings) 
and structural weldments of innumerable 
kinds. 

Known as Type W-66, the new elec¬ 
trode operates satisfactorily on either 


alternating current, or direct current, re¬ 
verse polarity, and its range of current is 
sufficiently broad to cover a wide range of 
plate thidmesses. A medium-long arc is 
recommended for best results with this 
electrode. It can be used in the flat, 
vertical and overhead positions. More¬ 
over, it produces a relatively flat deposit, 
particularly in the vertical position. 

Features of the new electrode include a 
stable spray-type arc, deep penetration 
and excellent creep-resisting qualities. 
In addition, the covering used produces 
an easily removed, light, friable slag, which 
sets up fast, thus facilitating proper mani¬ 
pulation of the electrode. Available in 
sizes */t, Vtt and */it m. in diameter, the 
new electrode meets the requirements of 
A.W.S. Classes E7010/E7011 and com¬ 
plies with the Navy Bureau of Ships 
specifications 46E2. 


LARGER CAPACITY IN NEW PAH 
SQUARE FRAME WELDER 

Responding to demands for larger 
capacity in a square frame welder, P&H 
engineers have introduced the new Model 
WA-300, which provides a W.S.R. (Weld¬ 
ing Service Range) rating of from 60 to 375 
amp. Retaining the simple, compact 
design which won favor for the smaller 
square frame welders, the large model also 
retains the two-part construction, single¬ 
heat control, visual current calibration and 
adaptability to parallel operation where 
higher amperage is desired. 

Appearing for the first time in the Model 
WA-300 are such new features as weather¬ 
proof construction, polarity reversing 
switch, and removable stator, plus over¬ 
load protection both for contacts and for 



the new low-voltage magnetic starter. 
Those interested in further details may 
address the Hamischfeger Corp., Welding 
Division, Milwaukee 14, Wis. 


HIGH-SPEED STEEL WELDING ROD 

Bulletin 345-W on Anrsco Toolface has 
just been issued by the American Manga¬ 
nese Steel Div. of American Brake Shoe 
Co., Chicago Heights, Ill. This new 
welding rod was developed to save time 
and reduce costs in making, salvaging and 
altermg cutting tools, and for hard-surfac¬ 
ing operations where extreme hardness and 
resistance to shock and corrosion are re¬ 
quired. 

Toolface is a super-hard and tough alloy 
tool steel welding rod composed of high 
carbon, high chromium, high molybde¬ 
num, tungsten and vanadium; commonly 
known as high-speed steel. Its welded 
deposits have a Brinell hardness of 676 to 
675, depending on the dilution of the 
metal. 

Toolface is especially adapted for the 
production of composite cutting, tools, in¬ 
cluding those used on lathes, shapers, 
milling heads, etc. Its ready weldability 
expedites the depositing of cutting edges 
or lands on mild steel bases or shanks. 
This method, plus its high degree of hard¬ 
ness and the ease with which Toolface 
cutting surfaces can be dressed, results in 
substantial economies in tool making. 
The bulletin picttues the four simple steps 
in making a composite high-speed cutting 
tool with Toolface, using carbon steel as a 
base. Temperatures for various heat treat¬ 
ments for Toolface work are tabulated. 



The accompanying illustration shows 
Toolface deposited on inexpensive carbon 
steel and forged to shape. It is noticeable 
that the line of fusion has not been affected 
by the forging operation. The specimens 
were etched in diluted hot sulphuric acid, 
so the resistance of Toolface to corrosion is 
apparent. 


LOCK CLAMP FOR HEAVY DUTY 

There has been a fast growing tendency, 
during recent years, to the use of the versa¬ 
tile toggle clamp as a medium for holding 
work securely in jigs or fixtures during 
various assembly and production opera- 
{Continued on page 692) 
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Worn mofor ormofure shaft resurfaced by 
Eutectic Low TemperatureWelding complete¬ 
ly avoiding warping of shaft and preventing 
destruction of windings by excessive heat. 



Heat-treated high-speed steel cutter would be sof¬ 
tened by high heat of convent/ono/ welding, brazing 
and soldering methods. Repair at Eutectic low tem¬ 
peratures eliminates need for ftnal reharc/en/ng. 


Bond metals at temperatures as low as 340*" F. 
Reduce heat consumption ... cut welding costs! 


Now, without resorting to high temperatures, 
you can gain the advantage of the strong 
bonds formed by fusion welding. 

The most revolutionary welding develop¬ 
ment of modem times—EUTECTIC Low 
temperature Welding enables you to join 
metals at temperatures below the fusion points 
of base metals eliminating many high temper- 
Igbre hazards of fusion welding and brazing. 


EUTECTIC WELDING ALLOYS COMPANY 


ip*ll Send me full information for ptxrchasing infroducfoiy 
aBBort/nent of important Eutecrods for Production Sal- 
and Maintenance welding. 

paun c .., . . — - 


Eutectic welding rods and fluxes are avail¬ 
able for joining all metals by means of gas— 
arc—induction—furnace and all standard 
methods of heating. No extensive training 
or special skill is required. 

Try Eutectic for Production—Salvage and 
Maintenance welding. Get the facts about 
Eutectic now . . . Fill in the coupon or write 
on your company letterhead. 


•40 WORTH STREET, NEW YORK 13, N.Y. 


rn Please send me a copy of The Eutectic Catalog JNl 
containing complete information about Eutectic Low 
Temperature Welding and its 6 great advantages. 

r-r»mpnny _ __ _ 
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★ if OUR PLEDGE lUAmTAIIVED ★ ★ 


On October 2, 1939, we announced the policy of “no increase in sell¬ 
ing prices”, A progress report made October 2, 1941, showed we 
actually had reduced prices by more than 696 during the period 1939 
to 1941. 

We have adhered to this policy of price reduction throughout the 
war years. Despite general increases in the costs of labor, materials and 
distribution . . . and despite governmental regulations ... we have 
been able to maintain or reduce our prices throughout the entire period 
from 1939 to date. 

This has been made possible by our incentive system ... a method 
which, if it had been applied throughout industry, would have doubled 
America’s output of war goods for a quicker Victory and would have 
cut the cost of the war by 5096. 

America’s future depends largely upon her efficiency of production. 
Our proved incentive system has in it the seeds of a satisfactory answer 
to the difficulties of this nature in industry. 


Oevelud 1, Ohio 
Mir 7,1945 
Victory ia Europe 


THE LINCOLN ELECTRIC COMPANY 
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tioDS. In step with this trend, a '‘Push- 
and-Ptill Lock" type was introduced 
several months ago to serve in such opera¬ 
tions as locating and indexing, and is now 
supplemented by a larger model for the 
heavier work involving the same produc¬ 
tion operations. 

Known as the De-Sta-Co Model 610, 
this clamp can be quickly converted from 
"Push" to “Pull” action, or, vice versa, in 
a few seconds, simply by relocating one of 
the handle bolts, according to Glendon H. 
Roberts, president of the Detroit Stamp¬ 
ing Co., 322 Midland Ave., Detroit 3, 
Mich. Weighing but l*/i lb. and with an 
over-all length of 6 V 4 in. (“Push” posi¬ 
tion) this heavy duty model has a plunger 
rod travel of 1^/s in. Rod is tapped to re¬ 
ceive a •/•*’—16 standard threaded bolt, 
providing quick adjustment to the work 
being handled. Its finish is a silvery 
toned rust-resistant plating. 

Complete details of this new No. 610 
clamp, as well as clamps for various other 
operations, are given in the new De-Sta- 
Co Toggle Clamp catalog, which can be 
obtained by request direct to the manu¬ 
facturer. 


WORE POSITIONER 

A new balanced positioner offers finger 
tip manipulation through 360° of rotation 
and 135 ° of tilt. No need for power equip¬ 
ment. Reduces working time and pro¬ 
duction costs. The center oj gravity stays 
in one position through all manipulations. 
A seated operator can perform assembly 
operations on a heavy item as easily as 
holding a small part in one hand. 

Great flexibility and higher operating 
speed in arc wel^g are achieved by the 
improved Bentley welding positioner. 
This supersedes previous models requiring 
power for operation and tilting only 90°. 
The new positioner enables work to be 
balanced quickly on the two axes of the 
rotating work table, and provides all¬ 
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position downhand welding at all times 
for better welding at reduced cost. In this 
unique arrangement the Tilting Spindle 
is located below the Pace Plate, permitting 
mounting of long structures without inter¬ 
ference with the tilt axis structiire. 

The work is located on the face plate to 
balance about Rotation Spindle Axis X-X. 

The horizontal telescopic arm is ad¬ 
justed to balance the work about Tilt Axis 
Y-Y, 

Cam-operated pins engaging index plates 
provide for locking the work in 15° inter¬ 
vals of both Rotation and Tilt. Index 
plates spaced to suit a specific manipulat¬ 
ing operation can be readily substituted 
for the standard 15° spacing. 

The face plate, together with its rota¬ 
tion index plate, is mounted on a flange 
on the rotation spindle. These can be 
readily removed and an assembly or 
holding fixture, with integral index plate, 
as shown in illustration, can be mounted 
on the flange, providing access to the 
underside of the work to a far greater de¬ 
gree than possible when work is supported 
on a face plate. 

In changing fixtures with integral index 
plates, one automatically chsmges the 
rotation index cycle. By interchanging 
corresponding ring index plates on the tilt 
spindle, corresponding tilt cycles are pro¬ 
cured. 


In cases where no force is applied to the 
work as in electric welding, spring pin in¬ 
dexing is often preferred. By using index 
plates with holes arranged to suit the de¬ 
sired cycle but having holes slightly 
smaller than the index pin diameter, this 
pin, which ha-o a rounded end, serves as a 
spring pin instead of as a locking pin. Or 
a combination of spring pin and locking 
pin indexing can be utilized on a single 
index plate. 

The illustration shows the tilt arm sup¬ 
ported by a portable pedestal, having 
vertical adjustment, so that the height of 
the work <"an be best adjusted to suit 
clearance above the floor, or accessibility 
to the operator. 

Group assembly and welding operations 
with complete positioning ^an be easily 
secured by mounting two or more of these 
units on a central hub rotating about a 
vertical axis. Capacity of model No. 5 
illustrated is 500 lb., with center of gravity 
from 6 to 12 in. above the face plate. 
Model No. IVt with 150-lb. capacity also 
available. Source: Bentley Welding, Inc., 
Dept. B, Box 1038, Syracuse, N. Y. 


SOLDERING STAND 

The new model SSll Soldering Stand, 
developed by the Ess Specialty Corp. of 
Bergenfield, N. J., embodies the flexibility 
required for soldering with either iron, 
torch or soldering pot. The hood and 
fume stack can be raised and lowered to 
accommodate any of the three heating 
elements used in soldering. 



This SSll Soldering Stand permit^ hi- 
terchangeable soldermg, greater prdtK- 
tion against injurious fumes, minimke^ 
hand fatigue, eye strain, etc., and fc- 
creases soldering production and efficiency 
Soldering with this stand allows maxi¬ 
mum freedom for work passing, enablrf 
the operator to focus attention on the 
soldered joint by means of the plate glasi 
window (or magnifying glass) in the hood, 
thus quickening the soldering pace by 
elimination of lost motion. 

For further information, address De¬ 
partment SS, Ess Specialty Corp., 96 S. 
Washington Ave., Bergenfield, N. J. 
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MALLORY Electrodes 


Speed 

Heavy Metal 
Assemblies 
with 

Pulsation 

Welding 


S PEEDIER assembly of heavy metal parts has 
become possible with pulsation welding—a 
technique of passing repeated pulSes of current 
through the work to be welded, without changing 
the position of the electrodes. The pressure applied 
during the welding cycle may be maintained constant 
but in many cases it is increased substantially from 
its initial value in order to effect a forging action. 

Effective pulsation spot welding permits the heavy 
materials being welded to reach a welding tempera¬ 
ture while minimizing the heat effects in the water- 
cooled electrodes. This method of resistance weld¬ 
ing thereby reduces electrode deterioration, 
decreases indentation and improves the surface 
appearance of the weld. 

In the operation illustrated, ten welds are made 
successively in joining a copper-plated steel bracket 


thick to a terminal plate of cold rolled 
steel. Each weld requires six pulsations—four cycles 
"on”; and two cycles "off”. 

Standard Mallory Spot Welding Tips made of 
Mallory 3 Metal, mounted in sUindard offset water- 
cooled tip holders designed and manufactured by 
Mallory, are used on this special job. It’s typical of 
the versatility of Mallory Standard Resistance Weld¬ 
ing Electrodes—tips and holders for spot welding, 
seam welding wheels, and dies for flash, butt or 
projection welding. 

Write for your copy of the Mallory Resistance Weld¬ 
ing electrode catalog today. Also for a copy of the 
Mallory Resistance Welding Data Book, sent gratis 
to resistance welding engineers, when requested on 
company letterhead. Available to students, libraries 
and schools at $2.50 per copy, postage paid. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

In tit* linit*d K i rurfirm. Mad* and S*U bgr MmUtry M*taUargieml ProdmeU, Ltd., London, 




Standard 

Resistance Welding Electrodes 
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SECTION ACTIVITIES 


CHATTANOOGA 

The Chattanooga Section closed its 
series of meetings for the season with the 
annual banquet at the Chattanooga Golf 
and Country Club, Friday night, June 8th. 
An interesting session of both business and 
fun took place in the form of a stag dinner 
for members and their guests. The pro¬ 
gram also included the showing of the Lin¬ 
coln film on Welding, mu^c and a solo 
dancer. 

The following ofificers and directors have 
been elected for the new season: Chairman, 
C. R. Miller, Sales Manager, Welding Gas 
Products; Vice-ChairmaH,'H..'H.K.eep,jT., 
President, Lookout Boiler & Mfg. Co.; 
Srcretary-Treasurer, R.E.Brooks,Research 
Engineer, Combustion Engineering Co. 
Directors: J. W. Brown, Chattanooga 
Boiler & Tank Co.; P. W. Stuff, Ross- 
Meehan Foundries; H. B. Henegar, Ten¬ 
nessee Copper Co.; A. J. Moses, Combus¬ 
tion Engineering C^.; R. G. Wilson, Na¬ 
tional Cylinder Gas Co. 

It is expected that the membership in 
the Section will increase and the achieve¬ 
ments improve through the splendid work 
started by the retiring officers and their 
committees. Continued success is con¬ 
fidently looked forward to dtuing the com¬ 
ing seasons. 

CHICAGO 

The final meeting of the season was held 
on May 18th. Premeeting movies were 
shown as follows: “The Magic Wand of 
Industry—Arc Welding,” shown through 
the courtesy of The Lincoln Electric Co.; 
“Construction and Operation of Calcium 
Carbide Plant,” shown through the cour¬ 
tesy of the Stewart Oxygen Co. The 
sp^Lker of the evening, A. F. Chouinard of 
the National Cylinder Gas Co., discussed 
“Flame Shape Cutting Processes.” 

CINCINNATI 

The May meeting of the Cincinnati Sec¬ 
tion was held on the 22nd at the Engineers 
Club. 

The speakers, all from The Precision 
Weldrr Machine Co. of Cincinnati, and 
their subjects, were as follows: T. Embury 
Jones, President, presented the Funda¬ 
mentals of Resistance Welding; E. W. 
Forkner, Vice-President in Charge of 
Operation, spoke on the sales problems of 
the Resistance Welding Macl^es; Wm. 
G. Bostwick, Chief Electrical Engineer, 
spoke on the problems encountered by the 
manufacture of Resistance. Welding Ma¬ 
chines and power companies. 

All three speakers presented very inter¬ 
esting talks. A question and answer period 
followed. After adjournment a number of 
interesting samples of work done by this 
company were displayed. 


CLEVELAND 

The Cleveland Section held its annual 
“Welding Conference” Friday, May 11, 
1945.' As usual the papers and spe^ers 
were outstanding and drew' a crowd of 
over 500. 

The Afternoon Session was opened by H. 
0. Westendarp, Jr., of the General Electric 
Co., whose paper was entitled “A.W.S. 
Specifications as a Guide in the Selection of 
Welding Electrodes.” Mr. Westendarp 
discussed the A.W.S.-A.S.T.M. filler met^ 
specifications in detail and pointed out that 
Imowledge of them would take a lot of the 
mystery out of welding and save the 
user’s time in selecting the right electrode 
forthejob. 

This talk stimulated a great amount of 
interest in the specifications. It is ap¬ 
parent that in order to be of maximum 
benefit to users, that the specifications 
have been drawn up to show strength and 
ductility of deposit, positions of welding, 
and power supply (a.-c. or d.-c.) for each 
class of electrode. 

Since a joint might fail due to lack of 
penetration, even though deposited weld 
metal passed strength test requirements, 
the specifications require electrodes to 
pass certain tests to determine their ability 
to penetrate the root of the joint. 

The filler metal committee which is com¬ 
prised of representatives of users and pro¬ 
ducers of wdding electrodes were congratu¬ 
lated by Mr. Westendarp and he urged 
that members of the A.W.S. cooperate 
with the committee fully, that an even 
better job may be done. 

This was followed by a talk from Harris 
A. Goodwin 11 of the Bastian-Blessing Co. 
who told of “The Use of Propane as a Fuel 
Gas for Flame Cutting.” Mr. Goodwin 
pointed out the amount of oxygen required 
by various fuel gases to complete combus¬ 
tion. His slides brought out the reduced 
amount of oxygen used to do a specified 
quantity of fl^e cutting with the use of 
Propane as a fuel gas due to a narrower 
kerf resulting from this combination. 
Other slides showed various cutting jobs 
done with Oxy-Propane, both above 
ground and also under water. 

George N. Sieger of the SMS Corp. 
followed with his usual interesting delivery 
of a talk on “Design for Resistance Weld¬ 
ing.” Some of his remarks were as fol¬ 
lows: 

“Resistance welding has its own field of 
application as an economical means of 
manufacturing high-quality metal prod¬ 
ucts. It is fundamentally different from 
the fusion welding processes, and, there¬ 
fore, the design of parts for assembly by 
resistance welding necessitates a reason¬ 
ably clear understanding, not only of the 
nature of the process, but also of the me¬ 
chanical and electrical characteristics of 
the equipment used. The great increase in 


the volume of resistance welding applica¬ 
tions during the past five years has been 
accompanied by the development of many 
improved procedures and also by the pro¬ 
motion of a better understanding of design 
problems. Although definite advances 
have been made in the application of re¬ 
sistance welding to materials which have 
long been considered to be extremely diffi¬ 
cult, the refinements in procedure and 
equipmentto meet the unprecedented de¬ 
mand for volume production are of still 
greater importance to the design engineer, 
because they represent new tools which his 
plant can use. 

“Improper design can defeat the pur¬ 
pose of resistance welding by maHng the 
execution of a satisfactory weld impossible. 
Proper design, not only assures the prob¬ 
ability of making go(^ welds, but also 
makes it possible to get the utmost pro¬ 
duction economy out of any resistance 
welding machine. 

“Design can be considered to include: 
The composition and geometry of compo¬ 
nent parts; the number, size and location of 
welding secpience, or operations sequence; 
the use of jigs and fixtures; the selection of 
the process to be used; the process control 
specification; the establishment of limits 
of surface indentation, finished dimen¬ 
sions. etc. 

“Each of the resistance welding proc¬ 
esses has its own characteristic set of 
variables. The design engineer needs to 
be informed on the nature and the effect 
of these variables, in order to develop a 
procedure control which will assure satis¬ 
factory weld quality. This is substantiated 
by reports from metal fabricating plants, 
indicating quite clearly that where the 
process is well understood, the results are 
uniformly good, whereas many limitations 
are observed in plants where there is only 
a superficial knowledge of resistance weld¬ 
ing fundamentals.” 

Malcom S. Clark, who was Chairman of 
the Afternoon Session, then adjourned the 
meeting for dinner which followed. 

A. G. Hopcraft, the Toastmaster, did 
an excellent job in keeping the large crowd 
amused and informed before, between and 
after the introduction of the evening 
speakers. 

The group was treated to an inspiring 
talk on the past, present and future of the 
art of welding by our National President, 
A. C. Wiegel. 

The main speaker of the evening was 
Dr. Howard E. Fritz, Director of Research 
for the B. F. Goodrich Co., who spoke on 
“The Accomplishments of Modem Re¬ 
search.” 

Dr. Fritz dipped back into the pages of 
history and told how our Civilization pro¬ 
gressed from one era to the next due pri¬ 
marily to research. One of his opening re¬ 
marks, in defining research, was “Research 
—well, that means anybody working any 
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Miss Throckmorton Puls a V P. Wise 

to MUREX FHP 


This time, things are what my boss 
calls “qtioce, the same—only different, 
unquote/' 

The part that’s the same is that they’re 
stumped again out in the factory, and 
that here is this urgent memo yelling for 
help from my boss, the Vice President 
in Charge of Production. 

The part that's different is that this 
time the trouble is in our new arc*weld> 
ing department, and for once my boss 
does not know the answer. 

“Miss Throckmorton,” he tells me, in 
this half'joking way, ‘*you used to work 
in an arc-welding company. What’s the 
best ‘hot rod’ for horizontal and flat fillet 
welding, deep groove work, cover beads 
and other downhand applications? They 
want it to operate on either AC or DC, 
at high currents, and with a rapid de¬ 
posit rate and good penetration. What 
shall I tell them?” 


“Tell them,” 1 suggested, “to try 
MUREX FHP. My last boss always called 
it the best ‘hot rod’ made. He said it was 
the old original'rod of its type and still 
way out in front as first choice of most of 
the big fabricators.” 

My boss looked at me sort of pop-eyed, 
then tossed me the memo. 

“Here,” he grinned, “you tell them.” 

Three days later we get this enthusias¬ 
tic report from the arc-welding depart¬ 
ment. They’d just tried MUREX FHP and 
ordered a thousand pounds of it. **Best 
hot rod on the market," the report wound 
up. "Weld metal is X-ray sound and duc¬ 
tilities excellent. Little spatter produced, 
even at high currents, and slag removes 
freely. Concave fillets and layers in deep 
groove work are produced without stnder- 
cutting. In case you can spare M.iss Throck¬ 
morton, we can use her." 


That one the boss answered himself, 
on the phone, with a grin. “Miss Throck¬ 
morton will stick where she is,” be told 
them, winking at me proudly. “And if 
you want to stick where you are, you'd 
better stick to MUREX.” 

P.S. Miss Throckmorton again. Be¬ 
sides IFHP, MUREX makes about 30 
electrodes for mild steel, low-alloy steel, 
stainless steel, and bard surfacing.'They’re 
conveniently classified and described on 
a big MUREX Wall Chart, of which you 
should have a copy. Just address: 

METAL A THEBMIT 
CORPOBATION 

720 BROADYfAY, NfW YORK 5, N. Y. 
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place to do something different and/or 
cheaper." He told of the various accom¬ 
plishments of science down through the 
years; how science and agriculture teamed 
together to bring us out of a world of 
hunger and undernourishment back in an¬ 
cient and medieval tiroes. He produced 
some synthetic rubber at the speakers’ 
table by the mixture of a few simple 
chemicals. Dr. Fritz finished his most 
interesting and educational talk and the 
crowd was fully impressed with the need 
of more and more scientific research to 
make and keep our world a better place in 
which a freedom-loving people can live. 

The officers for the coming 1945--16 
season were introduced and are as follows: 
Ross J. Yarrow, Chairman; Kent Thorn¬ 
ton, 1st Vice-Chairman; Mike Shane. 2nd 
Vice-Chairman; J. F. Wagner, Secretary- 
Treasurer. 

A. Leslie Pfeil was accorded a great 
hand and it was with deep regret that the 
Cleveland Section accepted bis retirement 
as Secretary-Treasurer. 

DETROIT 

Committee appointments for the 1945- 
46 season of the Detroit Section were made 
at a planning meeting of the executive 
committee held early in June at the Rack- 
ham Memorial Bldg. 

Committee chairmen were appointed as 
follows: Membership, Henry C. Neitzel, 
Whitehead & Kales Co.; Publicity, Stan¬ 
ley H. Brams, The Iron Age; Vocational 
Guidance, A. H. Lewis, Swift Electric 
Welding Co.; Patrons, C. E. Phillips, C. E. 
Phillips & Co.; Program, E. B. Brown, 
The American Brass Co.; Reception, A. H. 
Lewis; Entertainment of Speakers, George 
Sloan, Jackson Products; Affiliate Coimcll, 
Donald H. Corey, The Detroit Edison Co., 
and Leo A. E^ermann, Steel Plate & 
Shape Corp. 

It was decided to change the regular 
meeting date to the second Friday of each 
month, in the hope of arranging programs 
in joint succession with the Cleveland and 
Toledo sections, as well as the Flint Divi¬ 
sion of the Detroit Section. The program 
scheduled for next year will dwell largely 
on reconversion of industry to civilian pro¬ 
duction and the future of welding tech¬ 
nology in such reconversion. 

HARTFORD 

The February 23rd meeting was held at 
the Hartford Auditorium. Linden F. 
Bock of the General Electric Co., Bridge¬ 
port, Conn., spoke on "New Methods of 
Resistance Welding." Mr. Bock gave a 
brief history of resistance welding and 
basic descriptions of the methods currently 
in use, very well illustrated by slides, also 
sample board showing various samples of 
welded parts. A film "Birth of the B-29" 
was also shown. 

The April 27tb meeting was addressed 
by Charles H. Jennings of the Westing- 
house Electric Corp. Mr. Jennings spoke 
on "Welding Distortion." A film "The 
Black Cats (Navy)" was also shown. 

The May 25th meeting was addressed 
by John J. Vrecland of the Chase Brass & 
Copper Co., who spoke on "The Welding 
and Brazing of Copper Alloys.” Mr. Vree- 
land gavea good basic summary of theprob- 
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lems encountered in the welding of copper 
and its alloys and methods of solving them. 

A film "Civilian Warrior" was also shown. 

INDIANA 

The May meeting was held Friday, the 
25th, at the Riley Hotel, Indianapolis. 
Following the dinner, Ray Wirt, Process 
Engineer, Delco-Remy Division, our retir¬ 
ing Chairman, expressed his thanks for the 
cooperation accorded him during his three 
years as Chairman. 

The following officers were elected: W. 

G. Morgan, Noblitt Sparks Industries, 
Inc., Chairman; J. R. Neff, P. R. Mallory 
& Co., Inc., 1st Vice-Chairman; R. F. 
Smith,. Delco-Remy Division. 2nd Vice- 
Chairman; P. F. Grubbs, P. R. Mallory 
& Co.. Treasurer. 

As a fitting conclusion for a successful 
year, a picnic for members only was de¬ 
cided upon, for June 30th at Forest Park, 
Nobles ville. 

Following the business meeting, William 
J. Conley, Consulting Engineer, The 
Lincoln Electric Co., discussed methods 
for prevention of distortion and short cuts 
in welding procedure. This talk was amply 
illustrated by slides and moving pictures. 

Of particular interest were specific meth¬ 
ods of counteracting shrinkage forces and 
examples of simplified designs for welding. 

KANSAS CITY 

The last meeting of this Section for the 
season was held on May 15th in the Pine 
Room at Fred Harvey’s. The following 
officers were announced as elected: Chair¬ 
man, A. C. Sluss; Vice-Chairman, George 
Martindale; Secretary-Treasurer, Perry 
Miller. Directors; H. R. E. Austin, C. E. 
Brown, Duane DeBrunner, Ed Cellwork, 

Jim Kirk, W. J. Snider. 

The following committee chairmen have 
been appointed: Program, George Martin- 
dale; Membership, H. H. Libby; Publi¬ 
city, E. D. Anderson; Exhibit, J. H. Tar- 
bell. 

The speaker of the evening was Dr. Carl 
A. Zapffe, Consulting Metallurgist of Bal¬ 
timore, Md., who spoke on "Stainless 
Steels—Their Metallurgy and Weld¬ 
ability." He explained in a very unique 
manner the basic metallurgy involved in 
stainless steels. 

LOS ANGELES 

The May dinner meeting of the Los 
Angeles section was held May 17th, at 
Scully’s Restaurant. Clifford Sommar- 
strom of Waldrip Engineering Co. gave the 
coffee talk. His subject was "Applica¬ 
tion of Wage Incentives to Wdding 
Operations." He discussed in detail the 
succession of steps necessary to establish 
a wage incentive plan which will be equi¬ 
table to both employee and employer. How 
wage incentives have proved succ^ful in 
this application which is the first of its 
kind in this area was described by Mr. 
Sommarstrom. 

Robert E. Hillar, metallurgist and 
member of the firm of Triplett and Barton, 
Inc., was the speaker of the meeting. His 
subject was "Past and Present Trend in the 
Application of X-ray to Weld Inspection." 

THE WELDING JOURNAL 

Digitized 


He very aptly described the history and 
development of X-ray apparatus, films and 
techniques. Usual and unusual applica¬ 
tions were described and results given on 
research findings in the field of lightweight 
metals. Future developments of equip¬ 
ment to be built with the objective of facili¬ 
tating handling in special applications 
were also discussed. 

Timely motion pictures for the spring 
season were shown on the subject of fish¬ 
ing, entitled: “Fisherman's Paradise" and 
"Spear Fishing in Florida." 

LOUISVILLE 

The current seasonal activities of the 
Louisville Section came to a close Friday 
evening. May 18th, at the University of 
Louisville Auditorium with W. J. Conley 
of The Lincoln Electric Co. hiding the 
program and his presentation "Welding of 
Low Alloy Metals" proved to be a very 
"meaty" subject which was highly ac¬ 
claim^ and mentally digested by some 75 
members of the welding intelligentsia. 

Dr. G. C. W illiam.^ of the University of 
Louisville was on hand in the capacity of 
"Chief Greeter" and in the absence of the 
regular Master of Ceremdnies, R. E. 
Fritsch, the Section’s Vice-Chairman, E.H. 
Dilley, took over and handled the proce- 
dtue very acc^tably. A large delegation 
from American Air Filter took the attend¬ 
ance honors and were headed by this firm's 
Messers. H. C. Powers and William Dett- 
mar, the A.W.S. Education and Treasury 
committeemen, respectively. 

The program called attention to the fact 
that through the generosity of The James 
F. Lincoln Foundation and the courtesy of 
Dean Wilkinson all interested members 
should patronize the U. of L. Library and 
view the list of welding books on file there. 
The guest speaker, Mr. Conley, was pre¬ 
sented with a "Certificate of Appreciation" 
Award appropriately framed for wall de¬ 
coration. 

To climax this very auspicious occasion 
the indefatigable co-worker. Chairman 
Theodore H. Lewis, was also remembered 
by a meritorious "Certificate of Apprecia¬ 
tion" presented by Vice-Chairman Elmer 
H. Dilley and which reads as follows: 
"For Chairmanship and Organization 
Ability of the Louisville Section A.W.S. 
(1943-1945) and, for the comprehensive 
interpretation of the subject matter; for 
giving so generously of your talent; for 
welding together the human element in¬ 
volved; therefore creating better under¬ 
standing and cooperation." 

MAHONING VALLEY 

At the April meeting of the Youngstown 
Section a petition was submitted by one of 
the members requesting a change in the 
name of the Section to the Mahoning Val¬ 
ley Section. This petition was accepted 
by the members present and subsequently 
submitted to the entire membership by 
letter ballot. The restUts of this letter 
ballot were tabtUated at the May 17th 
meeting and were overwhelmingly in favor 
of the amendment. 

Thomas J. Crawford of Yoiuigstown ad¬ 
dressed the May meeting on hard facing as 
applied to problems involving excessive 
wear in machine parts. His address in- 
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eluded the showing of a group of slides 
made from actual installations of hard fac¬ 
ing materials at The Republic Steel Corp. 
in Youngstown. Many interesting time 
and money-saving applications were de¬ 
scribed and illustrated. 

New officers for the 1945-46 season are 
as follows: Chairman, A. Waldo; Vice- 
Chairman, Arthur L. Williams; Secretary- 
Treasurer, H. Ross Strohecker; Assistant 
Secretary (appointed), William E. Klinge- 
man. 

MARYLAND 

The Maryland Section closed its 1944- 
45 season with its Annual Symposium held 
on May 18th at the Engineers Club, Balti¬ 
more. The following is the program of the 
meeting. 

"A.-C. Welding Electrodes—Their Uses 
and Classifications,” by J. H. Humber- 
stone, Director of Research, Arcrods 
Corp. 

‘'Applications of High-Frequency In¬ 
duction Heating,” by Henry Fisher, 
Edgewood Arsenal. 

“Is Pipe Welding Really Different?” by 
John H. Zink, President, The Heat 
and Power Corp. 

Lincoln's sound technidolor movie “The 
Magic Wand of Industry—Arc Weld¬ 
ing” was presented by T. A. Canty, 
Inc. 

The following officers and committees 
were elected for the 1945-46 season: 
Ckafrmnn, W. H.Shaprow; Vice-Chairman 
John Gore; Secretary-Treasurer, Robert 
Fitzgerald; Past Chairman, J. C. Cumber¬ 
land. 

The following were elected to serve for 
three 3 rears on the Executive Committee: 
Louis Barrett, G. E. Claussen, M. A. 
Hansen, J. H. Humberstone. 

Current members of the Executive Com¬ 
mittee are: E. A. Brown, A. C. Earlbeck, 
C. N. Hilbinger, R. A. Mansfield, Bela 
Ronay. Technical Committee: Chairman, 
Geo. E. Linnert; J. W. Gore, G. E. Claus¬ 
sen, C. J. P hilli ps, J. C. Cumberland, 
Louis Barrett, Bela Ronay, Van R. P. 
Saxe. Program Committee: Chairman, 
J. H. Hiunberstone; E. A. Brown, C. N. 
Hilbinger, C. Adams, W. M. H. Ballantyne, 
C. D. Jensen. Publicity Committee: 
Chairman, A. C. Earlbeck; E. B. Lutes, 
T. O. Murray, J. E. Taylor. 

MILWAUKEE 

The Annual Dinner-Dance “Get-To* 
gether” was held on May 19th at the 
Pfister Hotel. An enjoyable evening of 
dinner, entertainment and dancing took 
place. 

NEW JERSEY 

The Annual Meeting of the New Jersey 
Section was held on May 18, 1945, at the 
Cedar Ridge Country Club in Livingston, 
N. J. 

Some 40 members and guests enjoyed an 
afternoon of golf and the scores were not 
very impressive in many cases. 

Luncheon was served from noontime 
until 6:00 P.M. and free beer was on tap 
from noontime until early hours in the 
morning. 
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A short executive meeting was held 
between 6:30 P.M. and 7:30 P.M. at 
which time the ballots of the voting for 
the new officers were counted. 

A business meeting of the Section was 
held between 7:30 P.M. and 9:00 P.M. 
at which time the installation of the new 
officers was carried out. The new of¬ 
ficers were introduced and the new chair¬ 
man K. L. Walker of the Foster Wheeler 
Corp. delivered a short acceptance speech 
and in closing be presented G. W. 
Nigh of the Tidewater Association Oil Co., 
past chairman, with a Society pin in 
appreciation of the splendid work that he 
had done for the Section during the past 
year. Mr. Nigh in accepting the presen¬ 
tation thanked the section for their fine 
cooperation over the past year and en¬ 
couraged the group to continue their fine 
work and support of the new officers. 

At this time the drawing for door 
prizes took place. 76 prizes were distribu¬ 
ted to holders of the lucky number 
tickets. The prizes which were donated 
by companies in the welding industry 
consisted of such items as cartons of 
cigarettes, bottles of liquor, welding 
equipment and accessories of all descrip¬ 
tions, motor oil, etc. 

From 9:00 P.M. untU 10:00 P.M. a 
buffet supper was served. 

The grand finale of the evening was a 
floor show which started at 10:00 P.M. 
and lasted until 11:30 P.M. The crowd of 
160 persons seemed to enjoy this enter¬ 
tainment immensely and anticipate a big¬ 
ger and better annual meeting for next 
year. 

NEW YORK 

The Annual Meeting and Stag Dinner 
was held on May 18th. The Annual Busi¬ 
ness Meeting and election of officers and 
members of the Executive Committee 
preceded the dinner and evening enter¬ 
tainment. 

The Teller’s Committee reported the 
following elections for the 1945-46 season: 
Chairman, H. 0. Klinke, Air Reduction 
Sales Co.; 1st Vice-Chairman, B. B. 
Stolle, Midwest Piping & Supply Co.; 
2nd Vice-Chairman, H. R. Morrison, 
The Linde Air Products Co.; Secretary- 
Treasurer, George Sykes. The Linde Air 
Products Co. Members-at-Large (3 years): 
H. W. Northeutt, Bethlehem Steel Co.; 
J. L. Wilson, American Bureau of Ship¬ 
ping; Charles Kandel, &aftsweld Equip¬ 
ment Co.; E. V. David, Air Reduction 
Sales Co. 

NORTHWEST 

At the 8th annual meeting of the North¬ 
west Section, held May 4th, at the Covered 
Wagon, Minneapolis, the following of¬ 
ficers and members of the Executive 
Committee were elected: Chairman: 

Louis T. Kenny, President, Kenny Boiler 
& Mfg. Co., St. Paul; Vice-Chairman: 
R. H. Newton, District Manager, The 
Lincoln Electric Co., Minneapolis; Secre¬ 
tary-Treasurer: Alexis Cabell, Secre¬ 

tary, Manufacturers’ Association of Min¬ 
neapolis, Inc. Executive Committee: 
Walter V. Brown, President, Brown Steel 
Tank Co., Minneapolis; C. M. Clogston, 
Welding Engineer, Northern Ordnance, 
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Inc., Minneapolis; C. E. Comfort, Plant 
Superintendent, St. Paul Structural Steel 
Co., St. Paul; Geo. O. Forseth, Welding 
Engineer, Metal & Thermit Corp., Min¬ 
neapolis ; Edgar E. Hall, Superintendent, 
Flour City Welding Co., Minneapolis; 
E. L. Hixson, Welding Supervisor, Min- 
neapolis-Moline Power Implement Co., 
Minneapolis; J. I. Larson, Assistant En¬ 
gineer, Stainless & Steel Products Co., 
St. Paul; L. L. McBumey, General Man¬ 
ager, Smith Welding Equipment Corp., 
Minneapolis; John Mikulak, Mechanical 
Engineer, Electric Machinery Mfg. Co., 
Minneapolis; F. W. Scott, Manager, 
Electrode Plant, Marquette Mfg. Co., 
Minneapolis; R. J. Stoddard, Asst. 
Chief Engineer, American Hoist & Der¬ 
rick Co., St. Paul; C. M. Underwood, 
Manager, Welding Dept., Northern Ord¬ 
nance, Inc., Minneapolis; T. J. Warm- 
ington. Plant Manager; Wm. Bros. 
Boiler & Mfg. Co., Minneapolis; M. M. 
Weist, District Manager, Air Reduction 
Sales Co., Minneapolis; J. E. Williams, 
District Manager, Linde Air Products 
Co., Minneapolis. 

Walter J. Brooking, director of testing 
and research at R. G. LeToumeau, Inc., 
Peoria, Ill., and district vice-president 
of the Ambrican Welding SociBTy, ex¬ 
tended the greetings from national head¬ 
quarters, and mentioned some of the 
plans that were under consideration for 
increasing the activities of the Society 
that would be of benefit to the members. 

Lieut. Commander Roger F. Miller, 
Executive Assistant, N.R.O.T.C., Uni¬ 
versity of Minnesota, was the speaker of 
the evening and covered some of his ex¬ 
periences as commanding officer on 
troop transports in both theaters of the 
war, as well as in command of ships in 
combat areas, including service on sub¬ 
marines. 

The program also included motion pic¬ 
tures showing operations of the Navy in 
the Pacific area, and the English film en¬ 
titled “The Robot Bomb.” 

OKLAHOMA CITY 

Dr. Carl A. Zapffe, Consulting Metal- 
Imgist of Baltimore, Md., was the guest 
speaker at the May 17th meeting. Dr. 
^pffe spoke on “Stainless Steels—Their 
Metallurgy and Weldability.” 

PEORIA 

• 

The regular monthly meeting of the 
Peoria Section was held on April 18th at 
the Jefferson Hotel with 80 members and 
guests present. The speaker for the 
evening was Weston J. Crook, Colonel, 
Ordnance Department, U. S- Army. 
Colonel Crook’s subject was “Metallurgy 
of . Ordnance Welding,” and he covered 
the subject very thoroughly. 

A motion picture titled “Arc Welding, 
the Magic Wand of Industry” was shown 
through the courtesy of The Lincoln 
Electric Co. 

PHILADELPHIA 

Final regular meeting of the season 
was held on Monday, May 21st, at the 
Engineers’ Club. Dr. A. B. Kinzel of 
Electro-Metallurgical Co., Division of 
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Union Carbide & Carbon Corp., spoke on 
"Oxyacetylene Pressure Welding.” 

PITTSBURGH 

Honored by the presence of A. C. 
Weigel. President of the American 
Welding Society, the Eighth Annual 
Tri-State Welding Conference came to a 
successful close on April 27. 1945. 

Preceding the Technical Meeting a Get- 
Together Dinner was held in the Hotel 
Webster Hall at which over 100 members 
and guests were in attendance. 

Following the dinner those present 
were addressed by Mr. Weigel, who gave 
a very interesting talk on the work the 
American Welding Society is doing 
and what it means to the industrial plants 
throughout the country and he-congratu- 
lated the Section on the wonderful show¬ 
ing it has made during the past year. 

In the absence of Chairman Chas. H. 
Jennings, who was scheduled for a talk 
in the East, Vice-Chairman G. O. Hog- 
lund took charge of the meeting and 
handled it in his usual efficient manner. 

At the technical meeting held in the 
Mellon Institute following the dinner, 
Past-Chairman Geo. F. Wolfe of the Dravo 
Corp. gave the Opening Address, repre¬ 
senting the Engineers’ Society of West¬ 
ern Pa., in the absence of E. T. Gott, Vice- 
President of the Dravo Corp. who was 
suddenly called out of town on business. 

The principal speaker of the evening, 
T. B. Jefferson, Editor of The Welding 
Engineer, Chicago, Ill., spoke on “Weld¬ 
ing in the Post-War World.” Mr. Jeffer¬ 
son’s talk outlined some of the problems 
that face welding in the post-war era and 
he discussed the likely available materials 
that will be used by industry and the 
probable applications of welding in the 
various post-war industries. 

Following Mr. Jefferson’s talk, F. H. 
Dill, Chairman of the Nominating Com¬ 
mittee for the selection of the officers 
for the 1945-46 season was presented 
and announced the results of the election 
recently held. 

Those officers elected for the ensuing 
year who will take office at the opening 
meeting in October are as follows: Chair¬ 
man: G. O. Hoglund, Aluminum Co. of 
America; Vice-Chairman, Harry P. 
Schane, Allis-Chalmers Manufacturing 
Co.; Secretary, J. F. Minnotte, Minnotte 
Brothers Co. Executive Committee (2 
years): T. W. Morgan, American Rolling 
Mill Co.; E. J. Knapp, Metal and Ther¬ 
mit Corp.; R. E. Olmstead, H. H. Robert¬ 
son Co. Executive Committee (1 more 
year to serve): R. B. Lincoln, Pittsburgh 
Testing Laboratory; C. E. Loos, Car- 
negie-IUinois Steel Corp.; Donald H. 
Marlin, Dravo Corp. 

PORTLAND, OREGON 

On Wednesday May 16, 1945, the Port¬ 
land Section held their second meeting 
of the 1945-46 season. At 7 P.M. an ex¬ 
cellent dinner was enjoyed by 40 members 
and guests. 

The technical session then got under 
way with Carl Lodell, Chairman, pre¬ 
siding. After a short business session 
in which new members and guests were 
introduced. Chairman Lodell turned the 


meeting over to the Program Chairman, 
Leslie Poole. 

Mr. Poole introduced G. Rheule Reitze, 
Field Engineer for the Nelson Specialty 
Welding Equipment Corp., San Leandro, 
Calif. Mr. Reitze’s subject for the even¬ 
ing was “Nelson Stud Guns.” He very 
ably covered the manufacture and de¬ 
velopment of the stud gun'and its use in 
the post-war plan. 

Following his talk, a film was shown on 
the “Construction and Manufacture of 
Rocket Guns and Shells.” After Mr. 
Reitze answered many questions and some 
discussion from the members on various 
applications, the meeting was adjourned 
by Chairman Lodell. 

The following officers were elected for 
the 1945-46 season of the Portland Sec¬ 
tion: Chairman, Carl Lodell, Kaiser Co. 
Inc.; Vice-Chairman, Basil McLean, 
American Bureau of Shipping; Secretary, 
Paul Kullberg; Treasurer, Paul Chatter- 
ton. Directors (2 years): Leslie Poole, 
Joe Crumley, Ray Steiner; (1 year): 
Tony Mikulic, Jerry Jeremiah, Tom J. 
Majoney. 

The following committee chairmen were 
appointed: Program, Leslie Poole; Pub¬ 
licity, Wilbur C. Smith; Membership, 
Jerry Revell; Education & Technical, 
Joe Crumley. 

PUGET SOUND 

The final meeting of the season was held 
on May 23rd at the Gowman Hotel. The 
informal discussion before dinner was 
presided over by Joe Holt. The merits of 
both a.-c. and d.-c. welding machines 
were the subject of discussion. 

After dinner an informal talk was given 
by John Severs, “Welding troubleshooter 
for the A. O. Smith Corp. In his discus¬ 
sion he brought out the merits of the dif- 
ferrtjt types of welding rod and the coat¬ 
ings used. At the completion of his talk a 
film on the merits of a.-c. welding ma¬ 
chines was shown. 

At this meeting the new officers for the 
forthcoming year were introduced and 
presided over the meeting as has been the 
custom for many years. 

ROCHESTER 

The following officers were elected to 
office at the May 3rd meeting held at the 
Century Sweet Shoppe. Chairman. 
Walter G. Dick, Odenbach Shipbuilding 
Corp.; V*c«-CAatrfw<i«, JosephB.O’Rorke, 
Eastman Kodak Co.; Secretary, Edward 
R. Jones, Seneca Steel Service, Inc.; 
Treasurer, Harold J. King, The Anstice 
Co., Inc. Executive Committee: Edward 
G. Habel, Robert J. Raudebaugh, Walter 
V. Kazoroski, Herbert L. Fetter, E. Larry 
Smith. 

The retiring Chairman, Paul Ecklund, 
Delo Products, and all retiring officers, 
were tendered a rising vote of thanks and 
appreciation for the past successful year. 

Social activities followed the election 
of officers and an enjoyable evening was 
had by the members and guests present. 

SAN FRANCISCO 

Harold W. Saunders, Manager of the 
San Francisco District for Air Reduction 


Sales Co. for almost 25 years, has been 
made an honorary life member of the 
San Francisco Section, which he has 
served as Treasurer for more than 20 
years. 

He is the first member of the San Fran¬ 
cisco Section to be so honored. In addi¬ 
tion to his American Welding Society 
activities, Mr. Saunders has taken an 
active part for many years in various civic 
and business affairs of the East Bay and 
San Francisco areas. 

The principal speaker at the April 23rd 
meeting which was held at the Hotel 
Claremont, Berkeley, Calif., was Thomas 
E. Piper, Chief Process Engineer, North¬ 
rop Aircraft, Inc., Hawthorne, Calif. 
Mr. Piper Spoke on “The Heliarc Weld¬ 
ing Process as Applied in the Aircraft 
Industry,” illustrating his talk with ap¬ 
propriate slides. 

Mr. Piper advised of a new develop¬ 
ment, the use of a high-frequency current 
superimposed on the welding current 
which has considerable merit. 

A great deal of interest was aroused 
by Mr. Piper’s discussion. After his 
talk, a film entitled “The Birth of the 
B-29” was shown through the courtesy 
of the War Department. The sound pro¬ 
jector for this showing was loaned by 
Victor Equipment Co. and was operated 
by their James Purcell. 

TIDEWATER 

The Tidewater Section held its regular 
monthly meeting for April on the 10th 
in the Fleet Reserve Hall, Portsmouth, 
Va. 

The speaker of the evening, T. R. 
Lightenwater, representative of Republic 
Steel Corp., Central Alloy Dist., Massil¬ 
lon, Ohio, was introduced and presented a 
lecture on the subject, “Welding Stain¬ 
less Steel and Alloys.” Mr. Lighten¬ 
water also covered the welding of armor 
plate, and answered many questions 
during the discussion period. 

The May 8th meeting was also held in 
the Fleet Reserve Hall, Portsmouth. 

Mr. Kough, a Welding Specialist, and 
representative of Eutectic Welding Al¬ 
loys Co., gave a very interesting lecture 
on, "Low Temperature Welding.” 

Mr. Lathrop, of Richmond, Va., local 
representative of Eutectic, exhibited many 
test plates and samples of Eutectic Weld¬ 
ing, and the various rods used on alloys of 
every type. 

WESTERN MASSACHUSETTS 

A. N. Kugler, Mechanical Engineer of 
the Air Reduction Sales Co., New York, 
was the guest speaker at the April 30th 
meeting of this Section. Mr. Kugler's 
subject was “Gas Welding and Cutting.” 
Included in the lecture was a motion pic¬ 
ture showing the procedure and method 
of gas cutting under water in salvage 
operations, and Oxyacetylene Welding 
Red Brass Pipe. 

The last meeting of the season for this 
Section was held on Monday, May 
21st, at the Westinghouse Auditorium. 

A vote of thanks was tendered to W. A. 
Emery of the Worthington Pump and 
Machinery Co. for his fine work in ar¬ 
ranging the season's program. 
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The Taylor-Winfield Corporation 

WARREN • OHIO 

/ 


Addresi_ 

City_ 




Here’s what Taylor-Winfield’s FLEXIBLE PRODUCTION ZONE 


means to you... more jobs on the same 


Name 


resistance welder with iess 


retooiing costs 


The production zone (electrodes, arms, and 
fixtures) of Taylor-Winfield Seam Welders may 
include swinging arms which you can switch, 
in a jifiy, from longitudinal to circumferential 
welding or vice versa. 

To permit even greater flexibility, Taylor* 
Winfield can provide an auxiliary bracket on 
the swinging arm for extra arms (as shown in 
sketch below). The circular electrodes of these 
extra arms may idle or they may be driven as 
required. 

The Universal Head is another Taylor-Win¬ 
field flexibility feature; this unit enables the 
operator to change from one type of welding, 
such as longitudinal, to circumferential without 
time-consuming changes. 

Taylor-Winfield has many patented features 
to help you get lowest cost per piece in any 
form of resistance welding (spot, seam, projec¬ 
tion, flash-butt). You eliminate much expensive 
retooling when you buy a highly standardized 
Taylor-Winfield welder of proven basic struc¬ 
ture with the FLEXIBLE PRODUCTION ZONE. 

Write today for engineering-styled literature. 


The Taylor-Winfield Corporation 
Warrtn. Ohio 

Send us bulletin on seam welders 
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The following officers and directors were 
elected: Chairman, R. W. Garaache, 
Welding Engineer; Vice-Chairman, Her¬ 
bert Hill, Cheney-Bigelow Co.; Treasurer, 
H. W. Walsh, Methods Engineer, Worth¬ 
ington Pump & Machinery Corp.; Secre¬ 
tary, F. W. Taft, Taft Welding Equipment 
Co. Directors-at-Large (2 years): E. C. 
Ulshoeffer, Joseph A. Tinsman, J. E. 
Jones. 

W. J. Conley, Consulting Engineer, 
The Lincoln Electric Co., delivered an 
educational talk on "Welding Methods 
and Sequences." He also described a 
special moving picture, "The Magic 
Wand of Industry," presented by The 
Lincoln Electric Co. 


WESTERN MICHIGAN 

Eighty members and guests attended 
the dinner and over 100 attended the May 
28th meeting at which new officers and 
members of the Executive Committee of 


List 


ATLANTA 

Sexton, John M. (B), Route 6, 301 Air¬ 
craft Apts.. Marietta, Ga. 


CHICAGO 

Albert, Frank P. (B), 539 Forsythe Ave., 
Calumet City, 111. 

Bratm, Charles (C), 2747 N. Kilboium 
Ave., Chicago 39, Ill. 

Brockman, Harold H. (B), 8004 Kenwood 
Ave., Chicago 19, Ill. 

Casey, Charles L. (C), ScuUy-Jones & Co., 
1901 S. Rockwell St., Chicago, Ill. 

Hood, Bdwaxd Carleton (C). 1224 N. 
Cicero Ave., Chicago 51, Ill. 

McDonald, Edwin P. (B), 2237 E. 70tb 
PI., Chicago. lU. 

Michelon, Lt Leno C. (B), U.S.N.R., 
Biu*. of Aeronautics, Gen. Rep., Central 
Dist., Wright Field, Dayton, Ohio. 

NichoUs, Merle R. (B), 4^)9 Jackson St., 
Gary, Ind. 

Robinson, R. W. (C), Argus Mfg. Co., 
1134 N. Kilboume Ave., Chicago 51, 
lU. 

Russell, Theodore W. (B), 1042 N. Lom¬ 
bard Ave., Oak Park, Ill. 


CLEVELAND 

Brown, Richard (C), Precision Welding & 
Eng. Co., 1771 E. 31 St.. Cleveland, 
Ohio. 

Butters, Charles E. (C), Williams & Co., 
Inc., 3700 Perkins Ave., Cleveland, 
Ohio. 

Coon, Merritt (C), Reliable Steel Plate 
Co., 2330 E. 79Ui, Cleveland, Ohio. 


the Western Michigan Section were in¬ 
stalled. 

A sound colored movie "The Magic 
Wand of Industry—Arc Welding” was 
shown and enjoyed by all. 

Secretary R. Dudley Layman gave a 
15-minute discussion on "Fundamentals 
of Arc Welding." Reports received by 
the Section were to the effect that this was 
a very good meeting. 

WESTERN NEW YORK 

The Western New York Section held 
their regular monthly meeting on May 
25th. The speaker was Orville T. Bar¬ 
nett, Production Engineer, Metal & Ther¬ 
mit Corp., New York City. There was a 
lively and moderate size attendance with 
a very interesting meeting. Mr. Barnett 
was a very interesting speaker and was 
instrumental in maintaining the interest 
of the audience until the meeting broke up. 

At this meeting, the election of Officers 
and Directors was announced as follows: 


Chairman, Richard S. Lane; Vice-Chair¬ 
man, Kenneth Koopman; Secretary, 
Charles Freeman; Treasurer, Rob^ 
Siemer; Directors (2 years): George 
Patch, M. R. Rivenburgh; (1 year): 
Earl Jung and William Brooks. 

WICHITA 

The final meeting of the season was 
held May 16th in the Rose Room at the 
Broadview Hotel. 

Dr. Carl Zapffe, Consulting Metallur¬ 
gist, Baltimore, Md., gave a very inter¬ 
esting lecture on the weldability and the 
metallurgy of stainless steeb. A lively 
question and answer period followed the 
lecture. 

New officers elected for the coming year 
are as follows: Chairman, E. A. Bussard, 
Coleman Lamp & Stove Co.; Vice-Chair¬ 
man, M. L. Lampton, Phillips & Easton 
Supply Co.; Secretary, Alvie Covert, 
Army Air Forces-Inspection; Treasurer, 
Don Clark, Beech Ainnuft Corp. 


of New Members 

May 1 to May 31, 1945 


Gussett, Geo.E. (C),317—33rdSt. N. W., 
Canton, Ohio. 

Hinger, Roy (C). 3354 Henderson Rd., 
Cleveland Hts. 2, Ohio. 

Kasdoifl, Richard E. (C), 10010 Lorain 
Ave., Cleveland, Ohio. 

Lewis, Everton (C), 11811 Beulah Ave., 
Cleveland 6, Ohio. 

LlndbUd, Alvar W. (C), Mid-States 
Equipt. Corp., Guardian Bldg., 629 
Euclid, Cleveland, Ohio. 

Mandt, Francis H. (C), Precision Welding 
& Eng. Co., 1771 E. 31 St., Cleveland, 
Ohio. 

Mosher, Charles H. (C), General Tire & 
Rubb^ Co., Englewood Ave., Akron, 
Ohio. 

Revetta, Michael (C), Lewis Co., 11811 
Beulah Ave., Cleveland, Ohio. 

Rodgers, Thomas M. (C), National 
Cylinder Gas Co., 1151 E. 222nd St., 
Euclid 17, Ohio. 


DETROIT 

Bruce, Fritjob B. (B), Copco Steel & 
Engrg. Co., 14035 Grand River Ave., 
Detroit 27, Mich. 

Cox, Orville P. (C), 1935 Oakwood St., 
Saginaw, Mich. 

Crimi, Frank V. (C), 630 Carton St., 
Flint, Mich. 

Giesey, Boyd V. (B), 2486 Shevlin, Fern- 
dale 20, Mich. 

Irving, M. W. (C), 1015 Welch Blvd., 
Flint 4, Mich. 

Johnson, Melville Dewey (C), Graham- 
Paige Motors Corp., Detroit 32, Mich. 

Ketchum, Karl E. (B), Copco Steel & 


Engrg. Co., 14035 Grand River Ave., 
Detroit 27, Mich. 

Moe, Carl B. (B), Copco Steel & Engrg. 
Co., 14035 Grand ^ver Ave., Detroit 
27, Mich. 

Montayne, Robert (B), Copco Steel & 
Engrg. Co., 14035 Grand River Ave., 
Detroit 27, Mich. 

Paquette, Clayton F. (B), Copco Steel & 
Engrg. Co., 14035 Grand River Ave., 
Detroit 27, Mich. 

Smith, Edward (B), 7312 Middlepointe, 
Dearborn, Mich. 

Smith, J. Wesley M. (B), 1385 Labadie 
Rd., Windsor, Ont., Canada. 

Stead, H. G. (B), E. Leonard & Sons Ltd., 
London, Ont., Canada. 

Whitehead, James A. (C), 15360 Prince¬ 
ton, Detroit 21, Mich. 

Widenmann, T. W. (B), Copco Steel & 
Engrg. Co., 14035 Grand River Ave., 
Detroit 27, Mich. 

Zencina, John (C), 19130 Dean Ave., 
Detroit, Mich. 


HARTFORD 

Monson, Melzar W. (C), Box 101, Man¬ 
chester, Conn. 

Thurz, Edward J. (C), 219 Addison St., 
Glastenbury, Conn. 


KANSAS CITY 

Dodge, A. O. (C), Air Reduction Sales, 
2701 Warwick Traffic Way, 

City 8, Mo. 

Hedstiom, A. G. (B), Kansas City Struct. 
Steel Co., Kansas City 3, Kan. 


s 
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LEHIGH VALLEY 


NEW YORK 


PUGET SOUND 


Yoder, Robert E. R., (C) 2243 AUeo St.. 
Allentown, Pa. 


LOS ANGELES 

Bamom, Lorm E. (C), 6227 Woodlawn 
Ave.. BeU, Calif. 

Bi^enzer, R. £. (C). Mechanical Con¬ 
tractors, Inc., ^7 Ceres Ave., Los 
Angeles 13, C^lf. 

Grainger, L. O. (C). 10242 Jackson Ave., 
South Gate, Calif. 

Hales, WUford L. (B). 194 G St.. Chula 
Vista, Calif. 

Lone, James H. (C), 1036 D Ct., Wilming¬ 
ton, Calif. 

Ott, James H. (C), 265 N. Lemon St., 
Oi^ge, Calif. 

PhilUps, John W. (C), 4212 E. 55th St.. 
Maywood, Calif. 

Porter, Jack (C), 9339 El Dorado. Rosco, 
Calif. 

Ralph, Wm. Raymond (C), 758 W. 19th, 
San Pedro, Calif. 

Renner, Ralph L. (C), 8421 Elizabeth 
Ave., South Gate, Calif. 

Stevens, Richard Theodore (C), 211 
Virginia PL, Costa Mesa, Calif. 

Straw, Herbert A. (C), 1424 W. 2nd St., 
Santa Ana, Calif. 

Welland, Ridiard (C), 2319 Saunders St., 
Compton, Calif. 

Wood, Tom (C), 2747 Madison St., Long 
Beach 6, Calif. 


LOUISIANA 

Comfort, James J. (B), 214 Seguin St., 
Algiers, La. 

Lee, Edward C. (B), Apt. C, 1617 Poucher 
St., New Orleans, La. 

MoUere, Allen J., Jr. (B), 2120 Benefit 
St., New Orleans, La. 

Moore, Joseph E. (B), 3827 Paugei St., 
New (Orleans, La. 

Neison, Lt F. Hunter (C), U.S.N.R., 1423 
Dufossat St., New Orleans 15, La. 

Olson, Elven V. (B), 118 Hathaway PL, 
New Orleans, La. 

Stafford, Gordon (B), 6126 Canal Blvd., 
New (Cleans, La. 

Swain, Harry L. (B), 1501 Gentily, New 
Orleans, La. 

l^cknair, Rudolph R. (B), 233 Rose Ave., 
Metairie, La. 

MAHONING VALLEY 

Atkinson, Wm. (C), 398 Pearl St., Lee- 
tonia, Ohio. 

MARYLAND 

Sittler, Howard L. (C), 624 Round Oak 
Rd., Towson 4, Md. 


MILWAUKEE 

Gollwitzer, Ralph (C), Huebsch Mfg. Co., 
3744 N. Boou St., Milwaukee 1, Wis. 
Randall, Frank J. (B), International 
Harvester Co., 1714 W. Bruce St., 
Milwaukee, Wis. 


NEW JERSEY 

Baron, Michael Joseph (C), 1045 Kilssrthe 
Rd., Elizabeth, N. T. 

Britton, CarroU H. (B), R. D. F. Box 1558, 
997 Rahway Ave., Rahway, N. J. 

Dacko, Peter (C), 264 E. 2nd St., New 
York City, N. Y. 

Scowcroft, John J. (C), 268 Seventeenth 
Ave., Paterson 4, N. J. 

Welsh, Edw. R. (C), 175 Mallory Ave., 
Jersey City, N. J. 
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B^erow, Walter (C), Air Reduction 
Sales Co., 181 Pacific Ave., Jersey City, 
N. J. 

Civay, Cuneyt (C), 41-89 Forley St., 
Elmhurst, N. Y. 

Deike, Ernest (C), 115-114—232nd St.. 
St. Albans. N. Y. 

Durocher, Lionel E. (C), Air Reduction 
Sales Co., 181 Pacific Ave., Jersey City 
4, N. J. 

Hamilton, J. Kenneth (C), 1135 Martine 
Ave., Plainfield, N. J. 

McKinney, Charles H. (C), 37 Remslin 
St., Brooklyn, N. Y. 

O’Brien, Frank J. (B), Metal & Thermit 
Corp., 120 Broadway, New York 5, 
N. Y. 

Ross, Victor B. D. (C), 21-27 Hazen St., 
Jackson Hts..L. I., N. Y. 

Smith, Donald L. (C), Air Reduction 
Sales Co., 181 Pacific Ave., Jersey City, 
N. J. 

Wilson, 1st Lt. Wm. F. (B), A.P.O. 76, 
'c/o P.M., San Francisco, Calif. 

Yeary, W. Jr. (C). Air Reduction Sales 
Co., 181 Pacific Ave., Jersey City 4, 
N. J. 


NORTHERN NEW YORK 

Immer, Wm. L. (C), General Electric Co., 
Electric Welding Div., Schenectady, 
N. Y. 


NORTHWEST 

Edison, Sigurd (C), 2325 James Ave. N., 
Minneapolis 11, Minn. 


OKLAHOMA CITY 

Dwyer, John W. (C), Mideke Supply Co., 
100 E. Main. Oklahoma City 2, Okla. 
Peak, W. R. (C), W. R. Peak Service. 144 
N. E. 38th, Oklahoma City, Okla. 


PEARL HARBOR 

Lohri, Albert E. (C). 515»/, 11th St., 
C.H.A. 2, Honolulu, Hawaii. 

Perrone, John (C). Shop 26, Pearl Harbor 
Navy Yard, Honolulu, Hawaii. 

Roe, Frank P. (C), Blaisdell Hotel, Hono¬ 
lulu, T. H. 


PEORU 

Plank, Gerald W. (C), Caterpillar Tractor 
Co., % Training, Bldg. H.H., Peoria, 
lU. 

Teng, Pi-Yi (F), University of lUinob, 
Urbana, lU. 


PHILADELPHIA 

Br(^;an, Edward K., Jr. (C), 2362 Locust 
St., Wilmington, Del. 

McTamney Daniel G. (C), 4641 Lancaster 
Ave., Philadelphia 31, Pa. 

Pratt, James A. (B), 817 Parmley Ave., 
Yeadon, Pa. 


PITTSBURGH 

Silliman, Frank P. (B), Hillman Barge & 
Construction Co., Box 510, Brownsville, 
Pa. 


PORTLAND, ORE. 

Tingley, Wm. M. (B), 3267 N. E. 66th, 
Portland 13, Ore. 

Woods, Harold B. (B), 2746 N. W. Wake 
St., Portland 10, Ore. 


Coffman, George M. (C), % Skagit Steel 
& Iron Wks., Sedro-WooUey, Wash. 
Dickinson, Jolm W. (C), The Linde Air 
Products Co., 2901 First Ave. S., 
Seattle, Wash. 

Liefelt, John F. (B), 502 Eastlake Ave., 
Apt. ^2, Seattle 9, Wash. 

Robertson, Robert H., SF 1-C (C), c/o 
F.P.O., San Francisco, Calif. 


QUAD CITIES 

Kopzcyk, Frank J. (B), International 
Harvester Co., Fam^ Wks., Rock 
Island, lU. 

Parks, Paul Gordon (B) ,2111 Grand Ave., 
Des Moines, Iowa. 


SAN FRANCISCO 

Doggett, Cecil W. (B), 7821 Outlook Ave., 
Oakland, Calif. 

Horsey, T. Schuyler (C), Hersey Inspec¬ 
tion Bureau, 3405 Piedmont Ave., 
Oakland 11, Calif. 

Myra, Harold R. (B). 339 N. Ridge Rd., 
Bldg. 11, Sec. B, San Francisco 24, 
Calif. 

Pinckney, George H. (C), Air Reduction 
Sales Co., 1813 Mills Tower, 220 Bush 
St., San Francisco 4, Calif. 

Wells, Don (B), Tola Equipment Co., 1009 
Cypress St.. Oakland, Calif. 

Zuckerman, David (B), Bethlehem Ala¬ 
meda Shipbldg., Inc., Alameda, Calif. 


ST. LOUIS 

Loveridge, Joel F. (B), 1008 Grandview 
Dr., Kirkwood 22, Mo. 

Von Brecht, Rorrest G. (C), White- 
Rodgers Electric Co., 1209 C^ Ave., 
St. Louis 6, Mo. 

Wilcoxson, R. B. (C), 7544 Ethel Ave., 
Richmond Hts. 17, Ido. 


SOUTH TEXAS 

McKissick, J. A. (C), Big Three Welding 
& Equip. Co., ^11 Clinton Dr., Hous¬ 
ton, Tex. 


SYRACUSE 

Reynolds, Fred W. (C), 703 Seneca St.. 
Fulton, N. Y. 

View, John J. (C), 410 Boyden St.,‘Syra¬ 
cuse, N. Y. 


TACOMA 

Baker, Claytcm (C), 5419 So. Oaks, 
Tacoma, Wash. 

BartoUt, Edward P. (C). 5315 N. 35 St.. 
Tacoma 7, Wash. 

Bolton, Charles William (C), Box 67, 
BucUey, Wash. 

Boutiette, Walter (C), 2120 N. Mason 
Ave., Tacoma 7, Wash. 

Boyd, Jay Wm. (C), Rt. 13, Box 180-B, 
Tacoma, Wash. 

Buchholz, R. N. (C). R-6, Box 209X, 
Tacoma, Wash. 

Coien, Peter (C), Rt. 5, Box 464, Kent, 
Wash. 

Culver, Ernest Orville (C), 2327 Mtn. 

View Blvd., Tacoma 6, Wash. 
Hagedom, Wayne Edwin (C), 231 S. 

79th, Tacoma, Wash. 

Henrion, Ray (C), 1915 Tacoma Ave. So., 
Tacoma, Wash. 

Johnsttm, Richard L. (C) 3675 E. K St., 
Tacoma, Wash. 

Jones, Sylvester (C), 1918 N. Mullen St., 
Tacoma 7, Wash. 
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KeUofg, Harold P. (C). 34 Idaho St., 
Lincoln Hts., Tacoma, Wash. 
LudingtMi* Merrill E. (C), Route 1, Box 
461A, Spanaway, Wash. 

Mantell, Edward L. (C), 309 S. Jay, 
Tacoma, Wash. 

Marine, Joseph S. (B), 2852 Division, 
Enumclaw, Wash. 

Montgomery, F. O. (C), 813 S. 11th, 
Tacoma. Wash. 

O’BrioL, James E. (B), Route 8, Box 376, 
Tacoma, Wash. 

Slimkorky, John (C), 1451 E. 28, Tacoma, 
Wash. 

Spencer, John A. (C), 714 N. W. 3rd St.. 
Puyallup, Wash. 

TUeston, C. Frank, Jr. (C), 2346 S. 
Sprague, Tacoma 3, Wash. 


TOLEDO 

Baker, Robert C. (C), 2239 Georgetown 
Ave., Toledo 12, Ohio. 

Newman, E. V. (B), 4021 Bowen Rd., 
Toledo, Ohio. 


TULSA 

Kiker, E. K. (B), Oklahoma Oxygen Co., 
2750 Sand Springs Rd., Box 910, Tulsa, 
Okla. 

Looney, R. L. (B), Lincoln Electric Co., 
Box 870, Tulsa, Okla. 

Vonde Veld, L. D. (B), Vonde Veld Core 


BOSTON 

Baillargeon, David V. (from D to C), 41 
N. Main St., Newmarket, N. H. 
Canning, Thomas E., Jr. (from D to C), 
327 Lamartine St., Jamaica Plain 30, 
Mass. 

Johnson, Harry R. (from D to C). 17 
School St., Methuen, Mass. 

McGuire, Frank J. (from D to C), 117 
Greenfield Rd., Mattapan 26, Mass. 


LEHIGH VALLEY 

Gingrich, H. E. (from D to C), 405 Wash¬ 
ington Ave., Bethlehem, Pa. 


LOS ANGELES 

Totten, Howard C. (from D to C), 820 
Crenshaw Blvd., Torrance, Calif. 


PHILADELPHIA 

Blachstein, Maxwell (from D to C), 426 
Pfeiffer St., Camden, N. J. 

Gross, Charles A. (from D to C), 2544 N. 
Chadwick St., Philadelphia 32, Pa. 
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Drilling Contrs., P. O. Box 9^, Tulsa 1 
Okla. 


WESTERN MASS. 

Morrissette, Theodore E. (C), 211 Center 
St., Indian Orchard, Mass. 


WESTERN MICHIGAN 

Bayle, Ellsworth (C). Pere Marquette 
RaUway, Wyoming Shops, Grand 
Rapids, Mich. 

Laylin, Erwin J. (B), Laylin’s Welding 
Shop, R. R. 2, Box 2^, Dowagiac, 
Mich. 


YORK-CENTRAL PENNA. 

Ressler, Robert L. (C), New Holland 
Machine Co., New Holland, Pa. 


NOT IN SECTIONS 

D’Cunha, James (C), B.T.T. 3-96, Love 
Lane, Mazagon, Bombay 10, India. 

Ho<^; 8OT, William R. (B), 204 Bristol Rd., 
G.V., Oak Ridge, Tenn. 

Jackmra, J. W. (B), Route 1, Box 276, 
Pensacola, Fla. 

Languepin, Jaques E. (C), 20 Rue Tou¬ 
louse Lautrec, Paris, France. 

Thurmond, J. iL (C), 736—13th Ave. S., 
St. Petersburg, Fla. 


States, George (from D to C), 2008 E. 
Sergeant St., Philadelphia 25, Pa. 


PITTSBURGH 

Davison, Neville C., Jr. (from D to C), 
238 Walnut St., Sewickley, Pa. 

Frey, Nathan K. (from D to C), R. D. 1, 
New Wilmington, Pa. 

PUGET SOUND 

Lif^ett, Donald (from D to C), 1013 Ben- 
ham St., Richland, Wash. 


SAN FRANCISCO 

Garrison, C. L. (from D to C), 305 Bridge- 
view Dr., San Francisco 24, Calif. 


SOUTH TEXAS 

Pavlu, Albert (from D to C), Halletts- 
ville, Tex. 


NOT IN SECTION 

Nies, Edward A. (from D to C), Route 5, 
Gunnison Rd., Erie, Pa. 


Employment 
Service Bulletin 

POSITIONS VACANT 

V-165. Welding Engineer: To super¬ 
vise inspection raw materials to finished 
product in plant manufacturing welding 
materials. Prefer technical background. 
Postwar position. Metropolitan New 
York area. 

V-166. Wanted: Young research as¬ 
sistant. Candidate will have to work with 
research planning committees, attend 
meetings, assist committees. Knowledge 
of welding, metallurgy and physics desir¬ 
able. Salary dependent upon age and ex¬ 
perience. Permanent position. 

SERVICES AVAILABLE 

A-500. Manufacturing Engineer with 
fifteen years of practical business experi¬ 
ence, and who has specialized in Welding 
for the last ten years, and has followed Re¬ 
sistance Welding methods, design and de¬ 
velopment for the past two years, is inter¬ 
ested in Welding Sales, Welding Service, 
or a position of a supervisory capacity. 
Will travel or transfer to any location. 


SAFETY GLO^^ 

A new safety glove made from high- 
grade chrome-tanned cowhide is an¬ 
nounced by the American Optical Co., 
Southbridge, Mass. Ideal for welding, the 
new glove also be worn for hand pro¬ 
tection in other heavy-duty operations. 

Principal feature of the new glove is its 
one-piece back construction. Because of 
this construction there are no seams on the 
back of the glove to catch sparks or molten 
metal. 



The Gunn style of manufacture reduces 
the number of seams to an absolute mini¬ 
mum. To give added strength and pro¬ 
tection, all vulnerable seams are welted. 

The new glove, according to the con¬ 
cern, is carefully designed and expertly 
made to give long hard wear on the tough¬ 
est jobs. 
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For the Welding Shop For the Welding Engineer 

For the Purchasing Agent 
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Resistance Welding Fundamentals 

By F. R. Woodward* 


R esistance welding is the process of joining two 
or more metallic parts to form an assembly, the 
heat for the formation of the weld being created 
by the resistance of the parts and welding machine elec¬ 
trodes to the passage of electric current supplied by the 
welding machine. 

Fundamentals 

Arrangement of the resistance welding equipment 
components is illustrated in Fig. 1. It consists of: a 
rigid frame housing a high secondary current welding 
transformer; the electrodes for contacting the work; 
the conductors connecting these electrodes with the weld¬ 
ing transformer; means for exerting electrode pressure on 
the work; means of current regulation/either by regula¬ 
tion of transformer turns ratio as illustrated, or by elec¬ 
tronic control; a contactor to interrupt the power to the 
welder transformer; and a timer which is capable of 
controlling the action of the contactor within the limits 
of accuracy required to produce the desired weld char¬ 
acteristics. 

An illustration of a typical resistance welding process, 
such as spot welding, is shown in Fig. 2 and indicates the 
composite effects of heat generation and losses for this 
process. The heat being gen^ated in these parts is ex¬ 
pressed by the formula, 

W -- PRl 

where W is heat in watt-seconds, I is amperes flowing 
through the weld, R is the resistance in ohms and I is the 
time in seconds. 

* Welding Engineef, Resistance Welding Engineering Dept., Motor Div., 
Westingbouse Electric Corp., Bast Pittsburgh, Pa. 



TRANSFORMER 

Fig. l-~RMiatanc« Welding Equipment Components 

The general arrangement of the components making up a re¬ 
sistance welding machine is illustrated above. These elements 
irh:lude: a rigid "C” shaped frame that (1) houses a high secondary 
current welding transformer and (2) provides eloclrcxde support; 
conductors to connect the electrodes with welding transformer; 
electrode pressure source; means of current regulation, either 
by varying the transformer turns ratio, or by electronic control a 
contactor to intenrupt the power to the weloing transformer; and 
a timer ^t can control the action of the contactor within the limits 
of accuracy required to produce the desired weld characteristics. 



Fig. 2—Temperature Gradient of Spot Welding Proceae 

The composite effects of heat generated and lost is illustrated in 
the above sketch. The heat being generated in the work being 
welded and the welding electrodes is expressed by the formula, 
where; 

w - m 

"W is the heat in Watt-Seconds, 

"r is the current Amperes flovring through the weld, 
is the Resistance in Ohms, and 
"t" is the time in Seconds. 

Not all of the heat is generated at the pr<^T ^int, at the juncture o! 
the weldments (parts being welded). The flow of heat to or from 
fcis point, which in-turn assists or retards the creation of the proper 
localized welding heat, is governed by the temperature gradient 
established by the welding current acting on the various resistive 
components. 

Factors effecting the amount of heat being produced by a given 
welding current for a unit of time are: 

1. The electrical resistance of the materials being welded. 

2. The electrical resistance of the electrode materials. 

3. The contact resistance between weldments as determined by 
surface com^tions, scale, welding pressure, etc. 

4. The contact resistance between the electrodes and weld¬ 
ments as determiried by surface conditions, area of electrode 
contact and welding pressure. 

The weld heat losses are due to the conduction of heat by the elec- 
tr^es and the material in the weldments from the localized area 
where it is desir^ to produce the weld. 

Not all of the heat is generated at the proper point— 
at the juncture of the weldments (parts being welded). 
The flow of heat to or from this point, assisting or retard¬ 
ing the creation of the proper localized welding heat, is 
governed by the heat gradient established by the welding 
current acting on the various resistive components. 

Factors affecting the amount of heat being produced 
by a given welding current for a unit of time are: 

1. The electrical resistance of the materials being 

welded. 

2. The electrical resistance of the electrode materials. 

3. The contact resistance between weldments as de¬ 

termined by surface conditions, scale, welding 
pressure, etc. 
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4. The contact resistance between the electrodes and 
weldments as determined by surface conditions, 
area of electrode contact and welding pressure. 

The weld heat losses are due to the removal of heat 
from the weld area by the electrodes, usually water- 
cooled, and by the material in the weldment themselves 
from the localized area where it is desired to produce a 
weld. 

In order to produce a strong weld, it is usually neces¬ 
sary to bring the “faying” or contacting surfaces of the 
weldments up to their respective welding tem|>eratures 
at the same time and cause a blending of a portion of each 
weldment in the formation of a “weld zone,” “nugget” or 
“slug,” terms usually typical of a certain type of re¬ 
sistance welding. Thus it is difficult to produce a satis¬ 
factory weld between dissimilar metals which will not 
alloy, and any weld so produced—often termed a 
“stick” weld—will be nothing more than a surface mo¬ 
lecular interlocking joint. 

Product Design Considerations 

The primary advantage of resistance welding in the 
joining of metals lies in its speed of operation. Because 
of the desired high speed of operation, and also because 
heat losses in the weldments and electr9des must be 
minimized to prevent warping and burning, each weld 
must be made in a very short time. Thus, the instanta¬ 
neous welding power required is considerable even for a 
thin gauge welding job. Therefore, resistance welding 
is applied most advantageously to thin metal fabrication. 
The heavier materials require more heat and power and 
can usually be best fabricated by means of arc or torch 
welding, etc. 

Since the advantage of resistance welding lies in speed, 
better advantage of the process may be derived by de¬ 
signing the product to be welded so as to permit the use 
of as simple a welding machine as possible. It is espe¬ 
cially important that the product be so designed as to 
avoid complicated current carrying members in the 
welder which must be cleared when loading the parts 
into the machine. 

If possible, the product should be designed so that 
simple electrodes may be used in the welder. This is 
because the more complicated electrodes usually require 
quite intricate passages for the proper water cooling so 
essential for a high rate of production and reasonable 
maintenance cost of the welder. 

Since electrode maintenance is usually a considerable 
factor on any resistance welding equipment, it is ad¬ 
visable that care be taken that ^e parts coming to the 
machine are properly cleaned, having little or no dirt, 
scale, dust or other materials which may tend to bum 
or foul the electrodes. 

Spot Welding 

Spot welding is that resistance welding process which 
units two or more flat sheets of metal by concentrating 
both pressure and the welding current at a point by 
means of relatively small electrodes. 

In practice the spot welding process must embody a 
synchronization of the mechanical operation of the 
welding machine with .the application of electrical energy 
through the electrodes and material, so that application 
of pressure will both precede and follow after the appli- 
catibn of the welding current. This is to insure that full 
electrode pressure shall be attained prior to the welding 
discharge, and that this pressure be maintained after¬ 
wards until the weld “nugget” shall have cooled to a 


temperature where it regains a large portion of the 
inherent metal strength. The cooler, harder material 
surrotmding this weld nugget is thus forced by the 
welding pressure to move jdong with the inner plastic 
core of the weld as the latter shrinks during the cooling 
process. Cracks in welds are therefore an indication of 
the possibility of an excessively short “hold” time after 
cessation of welding current flow. 

The length of application of welding current is de¬ 
pendent entirely on the materials being welded and the 
inherent characteristics of the welding machine itself. 
For instance, if the machine should be somewhat defi¬ 
cient in pressure available, it will be impossible to use 
the higher values of current without expelling weld 
metal, and a longer weld time period with a lower current 
value must be used to produce the weld. Furthermore, 
the dynamic pressure characteristics of different types 
of machines may be sufficient to change considerably 
the optimum welding set-up values required for a given 
welding job. This is one reason why there is consider¬ 
able diversity in opinion regarding proper welding set-up 
for any given job. 

Multi-Heat Timing Controls 

The use of so-called “pulsation” welding; that is, the 
repeated application of weld power while maintaining 
electrode pressure on the work; is advantageous because 
this process permits the building up of spot diameter 
with relatively long over-all time of power applications. 
This timing control permits the welding of heavier mate¬ 
rials with a given machine than would otherwise be 
possible since the pressure requirement for the produc¬ 
tion of a satisfactory weld is about 30% lower than that 
required for a single impulse weld. The current used 
for the production of a pulsation weld is also about 30% 
less, although the total time of application is usually 
about 200% longer. Pulsation welding is preferable on 
low conductivity i^aterials (less than 20% of copper. 
International Annealed Copper Standard) where the 
materials being welded are greater than one-eighth inch 
in thickness. Thus, on any machines expected to weld 
heavy material, the slight additional expenditure for 
this feature is well justified. 

“Program” timing is a variation of pulsation weld¬ 
timing which consists in unequal lengths of time of 
power application with unequal “cool” times interposed 
between. This process is particularly useful when 
welding those steels which harden when cooling from the 
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welding temperature. By the use of this control, the 
steels may be preheated, welded, tempered, and refined 
in grain structure, all automatically in the welding ma¬ 
chine by proper timing of the current impulses. 

Spot Welding Machines 

Many types and modifications of spot welding ma¬ 
chines are manufactured at present by welding equip¬ 
ment manufacturers. Probably the more common of 
these types is the rocker arm spot welder, an illustration 
of which is shown in Fig. 3. This is one of the larger, 
higher speed machines of this type, mechanically op>er- 
ated by air pressure which is controlled by means of a 
number of solenoid valves mounted at the rear of the 
machine, and operating an air cylinder, also at t^jie rear, 
connected to the back end of the “walking beam" or 
rocker type upper arm. Thus, the welding pressure is 
applied at the electrode with a minimum of equipment 
near the electrodes. This permits easier handling of 
parts to be welded. The electrodes and electrode holders 
are water cooled, and the lower arm is adjustable in 
height. The welding transformer is located inside the 
frame of the machine, with a tap switch mounted on the 
side of the frame for convenient adjustment of secondary 
voltage. The adjustment is obtained by varying the 
numlxr of primary turns of the transformer. 

Other types of rocker arm machines are mechanically 
operated by hydraulic fluid. Others are cam operated, 
the cam being driven by a motor working through a 
gear box. Still other lighter machines are operated by 
foot pressure where pressure requirements of the ma¬ 
chines are not excessive for this method of application. 

The “press’' type spot welder is quite similar to the 
rocker arm except that the upper electrode assembly is 
carried by a slide which moves in ways with a vertical 
motion. With this type machine, accurate electrode 
alignment is not disturbed by a variation in the thick¬ 
ness of the work being welded or by a change in the 
length of the welding electrode in use. Press type spot 
welders are also supplied with air, hydraulic, cam or foot 
operation for mechanical movement and pressure re¬ 
quirements. 

Another type of spot welder is the “gun” or portable 
welder, whi^ is shown in Fig. 4. The control equip¬ 
ment and transformer is usu^y mounted more or less 
stationary. The gun which carries the electrodes and 
pressure actuating mechanism is usually counterbalanced 
to prevent undue operator fatigue and connected to the 
transformer by means of flexible cables which carry the 
secondary current from the transformer. Water cooling 
lines and control cables also go from the stationary 
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equipment to the guns so that full control of the gun 
may be maintained by the operator. Gun welders are 
particularly useful in welding large assemblies which 
cannot be moved to a stationary welding machine. 
These assemblies must frequently be held in position 
to close limits by means of rigid jigs, necessarily rather 
cumbersome to handle. 

Another type of spot welding equipment is that known 
as “hydromatic” or “oil spot.” A type of this equipment 
is shown in Pig. 5, which in this case accepts two com¬ 
plete automobile muffler assemblies of four pa;rts as 
illustrated at the base of the machine. This machine 
when loaded and initiated by the welding operator trans¬ 
mits hydraulic pressure, from the rotary hydraulic valve 
at the top of the machine, individually in sequence to 
each of the ten welding guns on each side. A rotary 
weld initiating cam is synchronized with this hydraulic 
valve. Thus, in operation, the first gun contacts the 
work imder pressure, the wdd current flows through the 
electrode for a preset time value, the gim moves to the 
retracted position, and the second gun starts its cycle. 
The welding of each baffle in the tube is thus accom¬ 
plished automatically with a minimum of operator 
attention. The welding transformer in this case is 
located inside the framework and its secondary voltage 
controlled by means of taps on the primary windings 
brought out to a tap change switch shown on the back 
of the machine. A machine of this type is always built 
for a particular welding job and thus requires special 
design and application efforts. 

Electrode Materials 

The electrodes of any resistance welding machine are 
of prime importance, both from a standpoint of produc¬ 
tion quality, and a reduction in operating cost and 
maintenance. Electrode materials must have rather 
high conductivity in order to carry the large currents 
required without burning or blistering, with its attendant 
work-marring effects. Electrodes must also have con¬ 
siderable mechanieal strength in order to withstand the 
high welding pressures and repeated impact on the 
material being welded. Since, in operation, the electrode 
face becomes quite hot, it is desirable that its material 
have an annealing temperature as high as possible. 

Various electrode manufacturers are marketing mate¬ 
rials which combine hardness and good conductivity to 
a remarkable degree. Different alloys give varying 
combinations of these qualities. One alloy may have a 
conductivity of 80% of pure copper and have a hardness 
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of Rockwell 68B, while another has a hardness of lOOB 
but only 29% conductivity (see Fig. 10). 

Therefore, it is necessary to select the proper electrode 
material having sufficient conductivity to prevent burn¬ 
ing or alloying of the tip face, and also be hard enough to 
retain its proper contour in operation. An engineering 
compromise is usually necessary between these two 
features since no electrode material can have both 
maximum hardness and conductivity. 

Electrode Usage 

Proper cooling of the electrodes, obtained by passing 
two to three gallons per minute of water having a tem¬ 
perature of less than 70° F., will be of material aid in re¬ 
ducing the “fouling” by reducing the temperature of the 
electrode surface to a point where it has less tendency 
toward alloying with the material being welded. The 
strength of the electrode material also will be consider¬ 
ably greater if the temperature be maintained at a low 
value. The surface temperature of any electrode may 
be reduced by the following means: use of electrode 
materials having high electrical and thermal conduc¬ 
tivity; use of low temperature cooling water impinging 
at high velocity on the inner surface of the electrode, use 
of electrodes having their inner surfaces corrugated or 
finned to increase heat transfer rate, and maintenance 
of a clean well fitting joint between the electrode and 
the electrode holder. 

The maintenance of a given contour or tip diameter 
during production is necessary to control the welding 
results obtained on a given machine. If the control 
required is not particularly critical, tip maintenance may 
very well be accomplish^ by the operator using a file 
on the electrodes, w!iile they remain in the machine. 

If the welding being accomplished is on critical mate¬ 
rials or on jobs which require very consistent results, it 
will be necessary that the electrodes be machined periodi¬ 
cally on a machine tool in order that the electrode diam¬ 
eter or contour may be re-established perfectly before 
they change to a degree which may affect the weld 
consistency. 

Adequate electrode pressures result in the following 
effects contributing to good welding results; 

J. Production of local intimate contact, concentrating 
current flow to the desired area. 

2. Reduction in weld porosity caused by low boiling 
point of certain elements. 

3. Assistance in reducing cooling cracks by com¬ 
pensating for internal shrinkage with an external follow¬ 
up pressure. 

4. Reduction of the tendency for the electrodes to 
alloy with the material being welded. 

Electrode Design 

There are two general types of electrode faces in favor 
at the present time for spot welding. The “dome” type 
has a spherical radius formed on its working face. The 
optimum radius of this dome usually increases with the 
yield point of the material welded, and also with the 
thickness of the material but to a lesser degree. 

The “flat” type electrode may be flat for the full area 
of the electrode to reduce weld marking of the material, 
when its mating electrode must provide additional locali¬ 
zation of heat and pressure; or it may be flat for a 
reduced section at the tip of a truncated cone form, the 
sides tapering back to the full electrode section at an 
angle of 30 to 45° to the face. With this type electrode, 
the minimum diameter of the contacting face is usually 
2t + .1 in., where "t" is the thickness of the contacting 
sheet of material. 

In use, the flat electrode retains its shape better than 


the dome type but is more difficult to clean or resurface 
repeatedly in the welding machine and still maintain 
proper contour. Thus, when welding materials which 
necessitate frequent cleaning of electrodes, dome tips 
are preferable. 

A commonly accepted electrode for use on mild steel 
or other non-critical welding materials is one having a 
flat face with a radius edge, contributing to ease of 
maintenance but not lending itself to precise control of 
welding conditions. The use of the formerly popular 
“conic^” tip whose sides of face are 7° or 11° angled 
from the plane of the surface welded, was a concession 
to the relatively high conductivity of aluminum, and 
was useful in lowering the power requirements of the 
material, but at the expense of quality of weld and final 
surface, appearance. This tip is not satisfactory for 
aluminum welding for aircraft fabrication. 

Welding electrodes should be easily removed from 
their holders to facilitate replacement for remachining 
or substitution of a new type required. Types of elec¬ 
trode mountings or means of clamping are too numerous 
to detail, all having their peculiar advantages—and dis¬ 
advantages. 

The most common mounting, however, is that of a 
tapered shank electrode inserted in a correspondingly 
tapered socket in the point holder. The more common 
taper is known as “Morse taper,” in which the included 
angle of the taper is about 3°. This taper is very satis¬ 
factory for sealing the internal water pressure necessary 
for proper circulation of tip coolant. However, with 
this slight taper, large expanding forces are created by 
the welding force necessarily imposed on the electrode 
face. Thus, with welding forces over 500 poimds on the 
Va-in. diameter electrode and 1000 pounds on the Vs-in. 
electrode, expanding force becomes excessive, resulting 
in distortion of the point holder and extreme difficulty 
in removing electrodes. The above loadings, however, 
are no more important than the impact loadings de¬ 
veloped when the electrodes contact toe material being 
welded. No convenient means of measuring this impact 
value is ordinarily available to toe user other than noting 
the rate of deterioration of electrodes and holders. 

To enable toe use of medium diameter electrodes at 
higher welding pressures and to facilitate tip replace¬ 
ment (features necessary for aircraft aluminum welding) 
the so-called 6 degree taper tip was developed. This 
electrode has an included angle of taper of 12°. It is 
not very satisfactory for sealing toe coolant pressure and 
is not usable at any great degree of angularity with toe 
work—transverse forces tending to loosen the tip in the 
holder. 

More useful tapers are those developed and used by 
Fisher Body Division of General Motors, a tip having 
included angle of about 6°; and by Ford Motor Com¬ 
pany, having included angle of 8°. These tips are usable 
at much higher pressures than toe conventional Morse 
tapers and are satisfactory in sealing coolant pressures. 
More imiversal usage of one of these tapers is anticipated 
after cessation of present wartime standardization efforts. 

Determination of Welding Set Up 

It is possible to predict toe approximate spot welding 
set-up values required from an examination of the 
physical characteristics of a given material. Thus, the 
proper electrode material is ^ected after consideration 
of the electrical conductivity, surface conditions, and 
yield strength of the weldments’ materials. Lower 
conductivity of the material allows toe usage of lower 
conductivity, harder electrodes. Poor surface conditions 
are compensated for by softer, higher conductivity 
electrodes. Low yield strengths enable the use of high 
conductivity electrodes, because these softer electrodes 
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will not “mushroom” excessively at the lower welding 
pressure required. 

The time of power application or “weld time” required 
for the production of a spot weld, having best character¬ 
istics of internal weld and external appearance, appears 
to be governed almost entirely by the thickness of the 
materials being welded unless there are surface conditions 
which must be overcome during the welding process, 
such as rust, scale or oxide whi^ prevent the passage 
of the proper welding current during the initial portion 
of the cycle. 

Too short a weld time necessitates larger welding 
currents which result in “splashing” of molten metal 
from under the electrodes contacting faces as well as the 
production of a thin weld “slug” or “nugget” at the 
materials’ interfaces which has insufficient ductility or 
strength for most design requirements. 

A weld time of too long duration results in excessive 
heat losses which cause discoloration or burning of 
material surrounding the weld, unnecessary warping or 
buckling of the w^ed assembly, and rapid electrode 
deterioration. 

As a genera] rule, the weld time may be set up as 
equal to 150 to 250 cydes per inch thickness of the 
sheet, where one cyde is Vm second. Few spot wdds 
require less than three cydes for good results. Timing 
of less than five cycles should never be used with non- 
synchronous equipment. If wdding equipment is de¬ 
ficient in pressure or wdding current, or has high me¬ 
chanical inertia, it will be necessary to increase wdd 
time to get best results. 

The pressure requirements for a spot wdd are deter¬ 
mined by the material's thickness, yield strength and 
surface conditions. The stiffness of a sheet is propor¬ 
tional to the cube of its thickness, but since a longer 
wdd time is used on thicker material, the wdd current 
reduces this yidd strength effectively until the pressure 
requirement for a spot weld is almost directly propor¬ 
tional to the thickness of the material. This pressure 
requirement is also proportional to the yidd strength 
and is increased by presence of scale, dirt, or other 
coatings on the material. 

Thus, while 0.050 in. thicknesses of hot rolled, mild 
steel, pickled, can be wdded readily with 600 pounds 
tip force, thicknesses of 0.100 in. will require 1200 pounds 
for best results, and a sted such as NAX 9115 having 
twice the yield strength of mild sted, will require 1200 
pounds for best results on 0.040 in. thicknesses. Pres¬ 
ence of coatings such as galvanizing, etc., or sc^e, in¬ 
crease pressure requirements about 30% for best results. 

The current required for a spot wdd is, of course, 
determined somewhat by the preceding factors of dec- 
trode contour, weld time, and dectrode force or wdd 
pressure. To an even greater degree, this requirement 
is based on the dectrical conductivity, thermal con¬ 
ductivity and radting point of the materials wdded. 
Since the thermal conductivity is, to a degree, propor¬ 
tional to the dectrical conductivity, and is largdy related 
to the heat losses of the weld power, it can be safely 
neglected. The melting point, while not necessarily the 
actual forging temperature required for welding, is a 
very important characteristic in estimating the weld¬ 
ability of dissimilar metal combinations. 

Positioning Devices 

Jigs and fixtures are necessary on many welding jobs 
in order to align perfectly the parts to be wdded so that 
the completed assembly may perform its function 
properly. These fixtures must be built so that they will 
not allow “short drcuiting” of the secondary current 
from the point of welding through which the current 


should be directed. In order to maintain proper pro¬ 
duction, fixtures should allow rapid loading and un¬ 
loading of the parts, and if the fixture is to be used at a 
stationary machine, it should be light enough to permit 
rapid handling without operator fatigue. If the fixture 
is to be used with portable or gim type wdders, it may 
be considerably heavier, but shoiUd be designed to 
provide proper clearance for the gun being used in orier 
to reach conveniently all parts to be spot welded. 

Machine Maintenance 

In regard to machine maintenance, little can be said 
except that each machine has its own maintenance 
requirements, governed largely by its engineering design. 
With all types of machines, however, the entire secondary 
circuit should be dismantled and cleaned with steel wool 
at intervals from one month to three months, depending 
on industrial atmospheres and weld consistency results 
desired from the machine. With air operated machines 
a troublesome item is that of air valves, requiring fre¬ 
quent magnetic solenoid replacements. Cam operated 
machines usually require considerable maintenance on 
the gear box and clutch between the driving motor and 
the operating cam. 

Seam Welding 

Seam welding is very similar to spot welding except 
that the stationary electrodes o J spot welding are re¬ 
placed with welding wheels, together with some means 
of causing rotation as they move along the work being 
welded. The wheel electn^es usually move the work at 
a rate of from two to fifty feet per minute. At the 
higher speeds the current application may be continuous, 
in which case each half cyde of alternating current pro¬ 
duces a small weld overlapping the previously formed 
weld to form a continuous seam. 

Welding Set Up ,.i . . 

One-twelfth of an inch is a satisfactory spot facing 
on No. 22 gage materials to produce a continuous seam 
weld. On heavier materials, however, the spot spacing 
must be greater in order to prevent excessive “build-up” 
of heat ahead of the welding wheel. It is necessary, 
when striving for best wdding residts, to interrupt the 
welding power so as to provide necessary “off time” for 
the cooling of each individud wdd spot. Spot spacing 
for seam wdding two pieces of Vr-in- material should be 
about in. ‘ 

As a rule, we can say. that the seam wdding of mild 
steel can be accomplished very well having “heat” and 
“cool” periods of equal duration. Materials having a 
higher conductivity require a longer “cool” period, and 
materials having a lower conductivity may be wdded 
quite satisfactory with a shorter “cool” period. With 
^ cyde power supply, the relationship of weld timing, 
wheel speed and spots per inch may be indicated by the 
300 

equation: /» + 

where: t^ = weld time in cydes 
te *= cool time in cydes 

V = vdodty or speed of wdding in feet per 
minute 

N = spots produced per inch 
Seam Welding Machines 

The classification of different types of seam welding 
machines is rather complex. In toe first place, most 
seam wdders are air operated as far as toe mechanical 
pressure requirements are concerned. In regard to the 
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Fig . 6 


method of operating the upper electrode, the machines 
may be classified as rocker arm and press type. The 
rocker arm machine is illustrated in Fig. 6 which shows 
a heavy duty t)T)e manufactured for ^e seam welding 
of aluminum and carrying a special “geneva” drive for 
intermittent motion of the welding wheels. This ma¬ 
chine was built for the production of quality spots in 
thicker aluminum alloy sheets. 

The wheel arrangement of the machine illustrated is 
"circular,” similar to the type of wheel arrangement that 
would be used for welding the circular bottom in a pail. 
If the wheels were arranged for carrying the material 
back over the lower or upper arms such as would be 
necessary in welding the longitudinal seam of a dnun, 
the wheel arrangement would be called “longitudinal.” 
If changes in wheel arrangements are possible on the 
same machine, the welder is termed a “universal” ma¬ 
chine and may be changed from “circular” to “longi¬ 
tudinal” and vice versa at any time desired. 

A machine is also described by its method of driving 
the welding wheels, such as “gear drive,” in which one 
of the welding wheels is driven by a gear on the spindle, 
carrying the welding wheel. In this case the peripheral 
speed of the welding wheel will change as the diameter of 
the wheel changes with wear. The machine may be 
“knurl driven,” in which case one or both of the welding 
wheels are engaged by friction with a knurled wheel, 
which is in turn gear diiven by the drive motor. In this 
case the welding wheels may be of different diameter 
and still drive with equal peripheral speed if the knurls 
themselves are of the same diameter and have the same 
speed. Some special machines are work driven, the 
welding wheels actually being driven by friction in 
contact with the work as it is pushed through the ma¬ 
chine by an external power source. 

Seam Welding Electrodes 

Practically the same considerations, in regard to the 
electrode materials, apply to the seam welding as were 
mentioned under spot welding. In addition, it is de¬ 
sirable to design the seam welder in order to auto¬ 
matically trim the welding wheel to the desired width. 
This can be accomplished by proper design of the driving 
knurl, or by using an idler knurl as a trimming device 
on gear or work driven machines. 

The cooling of seam welder wheels is highly important 
in maintaining wheel life and usually necessitates an 
external spray of water on the welding wheels and work, 
since most seam welder wheels are not cooled internally. 
A large volume of water is often necessary in order to 
prevent wheel deterioration and to obtain satisfactory 


welding results. Welding entirely submerged is ex¬ 
tremely advisable on small parts which justify the 
manufactiu-e of a special machine. 

Intermittent Seam 

Most seam welding machines weld through two pieces 
of material, which are “lapped” together, so that there 
is a double thickness of material at the joint. If the 
welded joint is not continuous, or the individual weld 
spots do not overlap, then the weld is termed a “roll 
spot” or a “stitch weld.” 

Butt Seam 

Some welding machines of a more special nattue are 
used to produce a butt seam joint such as used com¬ 
monly in the fabrication of the longitudinal seams in 
pipe or tubing. In this type of max&ne, as illustrated 
in Fig. 7, the material is formed to a cylindrical shape by 
equipment not illustrated and fed into the machine from 
the right, with the seam or slit in the tubing upward and 
guided by the seam guide wheel which penetrates in the 
slit in the unwelded tubing. The tube then progresses 
on between the upper and lower entering rolls to the 
welding wheels (the larger wheels illustrated) and the 
side pressure rolls, where the actual tube welding is 
accomplished. 

The welding wheels are connected by two flexible 
bands to the transformer overhead, whose secondary 
voltage is regulated by means of the illustrated primary 
tap ^ange switch. This tubing is usually wdded at 
high speeds using continuous power application with no 
interruptions other than the inherent 60-cycle alter¬ 
nations. Hand wheels provide full adjustment for vary¬ 
ing the position of the welding and positioning rolls in 
order to accommodate various size tubing. 

Machine Maintenance 

One of the most troublesome maintenance items on 
seam welders is the spindle carrying the welding wheel 
and the bushing in which it turns. These bus^gs or 
bearings render a very difficult service; since welding 
pressures are often qmte high, temperatiu'es reached 
often are 300 to 400° F., and the welding current of 
many thousand amperes flows from spindle to bushing 
through a film of lubricant which is only slightly con¬ 
ducting at best. Graphite bearing lubricants have 
proved very successful in most seam welder applications 
as a main spindle lubricant. 



Fig. 7 
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Projection Welding 

Projection welding is that method of resistance welding 
in winch the localization of* pressure and current is 
accomplished by means of irregularities formed in one 
or both of the weldments being assembled. Ttese irregu¬ 
larities allow the use of flat, plain or die type electrodes 
on the welding machine itself. Current densities on the 
dies are likewise decreased, allowing the use of lower 
conductivity, harder electrode materials, which results 
in considerable reduction in electrode or die main¬ 
tenance on this type of equipment. 

The method of projection welding allows the close 
placing of several welds because of the fact that all welds 
are made simultaneously so that there is no "shunting” 
effect from previously formed welds which would tend 
to absorb a portion of the secondary current produced 
by the machine for the formation of a weld. 

In projection welding it is especially important that 
the parts to be welded be designed with the thought in 
mind of creating the proper fusion temperature at pre¬ 
cisely the same instant in both elements being welded. 
For this reason it is desirable that the projections be 
made in the heavier material so that these higher re¬ 
sistance points will not be burned off before the other 
flat weldments can be brought up to proper fusion 
temperature. 

Projection welding of aluminum and copper bearing 
alloys is considered very difficult and requires unusually 
critical control of the welding machine as well as careful 
design of the weldment to prevent expulsion of the weld 
metal on the projections. 

Types of Machines 

Projection welders are almost invariably of the press 
type machine in order that the die mounting platens may 
remain perfectly parallel at all times. The method of 
obtaining mechanical movement or electrode pressures 
may be by air, hydraulic or motor operation, or through 
a cam or toggle mechanism. 

A specially constructed machine of this latter type is 
illustrated in Fig. 8. This machine has a heavy, rigid 
frame enclosing the welding transformer beside the pri¬ 
mary tap change switch shown on the side of the ma¬ 
chine. The driving motor is located on top of the frame, 
and by means of a rubber belt drives a gear box located 
over the welding transformer inside the frame. The 
gear box in turn works on a toggle mechanism enclosed 



Fig. 8 


in the moving slide of the machine, lowering the upper 
electrode on the work being welded. The mechanical 
resistance of the work forces the toggle mechanism, and 
its attached piston on the top of the frame, to move 
upward slightly against a regulated air pressure, which 
provides means for adjusting the welding pressure 
obtained in operation. 

One of the interesting features of this machine is the 
rotating table carrying 12 lower dies. This table has 
an intermittent motion derived from its associated drum 
ram shown at the lower right front of the machine. One 
or more operators can thus be loading the table while 
the machine is running continuously. Production of 
this machine is approximately 80 welded assemblies per 
minute of metal radio tubes. 

The projection welder machines, as a class, are con¬ 
structed considerably more rigidly than either the spot 
welders or seam welders. This is ^cause of the necessity 
of greater total pressure to make several spots simul¬ 
taneously and the necessity for maintaining perfectly 
parallel alignment of die mounting platens, in order that 
the customary multiple projections may all contact with 
approximately equal pressure. These welders are usually 
operated at somewhat lower speeds than are spot welders, 
because of the extra time requirement for loading and 
unloading, since only one machine operation is usually 
necessary to complete the assembly. 

As previously mentioned, the customary design of 
projection welding equipment allows the use of broad, 
flat, low conductivity, hard electrode materials. The 
use of these higher resistance materials, with accom¬ 
panying low thermal conductivity, necessitates very 
adequate water cooling brought close to the surface of 
the electrodes in order that the electrode materials shall 
not become so hot as to result in cracking the hard 
electrode materials. 

In general, it can be said that the process of projection 
welding offers the most rapid assembly technique of any 
of the resistance welding methods. 

Butt Welding 

Butt welding is that resistance welding process which 
entails placing the butt end of two sections, such as 
rods or strips, together in Arm contact and then passing 
a heavy current through these members. The current 
heats the sections, because of their electrical resistance, 
particularly high where abutting. After the heating has 
progressed for some time, the material becomes plastic 
at the juncture and the pressure which has been applied 
to the members, compresses or "upsets" the weld so 
that a solidly fused joint results. Because the electrode 
surfaces clamping the weldments are parallel to the 
direction of upset force, it is usually necessary that the 
clamping pressures exerted by these dies be consider¬ 
ably greater than would otherwise be necessary for 
current conduction. These clamping pressures, great 
enough to prevent slippage of the section through the 
dies, are exerted by either hand force working though 
cams, or by air or hydraulic means. Because the sections 
being welded are often long, it is customary to build butt 
welders with the slide or moving platen traveling along 
a horizontal line. 

This process lends itself admirably to automatic wire 
welding and other work where the power requirements 
are quite low. On many other jobs, however, an engi¬ 
neering choice must be made between this method and 
that of— 


Flash Welding 

The equipment for flash welding is practically identical 
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to that used in butt welding. The process differs in 
that for flash welding the parts are loaded in the ma¬ 
chine slightly separated or in very light contact with 
each other. After clamping by the electrodes, the power 
is turned on, applying a voltage between the weldments. 
Movement of the traveling platen is initiated at the 
same time and accomplished by^ hand operation, air or 
hydraulic pressings, dependent upon pressure require¬ 
ments of the machine. When incidental contact is 
established between the weldments, the voltage across 
these parts is sufficient to cause a sparking or flashing, 
which throws off molten particles of metal in a vigorous 
manner. This flashing continues as the moving platen 
goes forward until the entire area to be welded is flashing 
vigorously, and the heat from this flashing has progressed 
back into the weldments to a degree that they are 
sufficiently plastic to be forced together quickly or 
“upset,” .which squeezes out any burned metal, slag, 
oxide, or other impurity which would otherwise weaken 
the weld joint. Immediately following this upset move¬ 
ment, the welding power is interrupted, allowing the 
weld to cool. 

In practice it is necessary to create a constantly 
accelerating rate of travel of the moving platen in order 
to maintain the proper rate of flashing at the weld. 
This is due to the greater effectiveness of the weld cur¬ 
rent in “melting off” or “blowing out” material at the 
weld line as the material is heated during the flashing 
process. 

On heavy sections of material, it is customary to point 
or deform one of the butting surfaces to reduce the initial 
area of contact. This enables the use of a lower second¬ 
ary voltage for starting the flash when the materials are 
cold. Use of an unnecessarily high secondary voltage 
results in easy starting of the flash, but the voltage has 
an explosive effect at the latter portion of the flashing 
period which “blows out" larger particles of metal from 
the weld zone. This results in an irregular surface at 
the time of upset which often produces a finished weld 
which contains slag inclusions, cast material, and 
porosity, all of which detract from the quality of the 
flash weld. 

Because of this flashing and upset process, the metal 
at the joint is thickened considerably and it is usually 
necessary to finish this surface by shearing off the flash 
while still hot, or by machining when cool. 

Flash welders are usually classified according to 
method of clamping and to the drive mechanism. 
Methods of clamping are: hand operated, air, or hy¬ 
draulic. Methods of driving are: hand operated, work¬ 


ing through either a single or double toggle mechanisn 
in order to obtain the desired pressiu^; or by moto 
driven cam, generated to ^ve the proper rate of accelera 
tion of the moving platen during the welding process 
or by hydraulic means, usually controlled by means o 
Servo valves in turn governed by cams cut to giv 
proper flashing acceleration. 

A machine of this latter type is illustrated in Fig. S 
showing the welder bed tilted at a 30® angle in order t( 
facilitate loading and unloading. The stationary plater 
together with its clamping mechanism, is on the left 
the moving platen, etc. on the right; the driving motoi 
hydraulic pump, hydraulic control mechanism, ani 
cylinder are all mounted on the right of the machine 
exposed for convenient maintenance. TTie weldin 
transformer of the machine is located inside the frara 
and fully protected against hot flash created during th 
welding process. 

Maintenance requirements on this type of machin 
are aggravated by the fact that flash welders are ir 
herently dirty machines, creating their own dirt c 
flashing dust which penetrates all lubricated surfaa 
unless fully sealed or made dustproof. 

Electrical power control equipment for butt and flas 
welding is relatively simple, since it is only necessary t 
be able to interrupt this power at a predetermined poii 
near the operation of the upset movement. Thus, 
limit switch is usually satisfactory for timing this open 
tion. 

Materials which can, be welded by other resistanc 
welding processes can be fabricated with flash weldin 
This method apparently gives less difficulty in producit 
a proper union between dissimilar metals because of tl 
intense localized heat of the arc or flash. 


Mateiieds to Be Welded 
Low-Carbon Steel 

Low-carbon steel is the most commonly welded mat 
rial, and its weldability has become a basis of coi 
parison for that of all other metals and alloys. It 
easily welded because fusion may be accomplished in 
broad plastic range of temperature, so that precisi' 
control of the welding conditions is not always necessai 
In the hot rolled form the steel is supplied in a gre 
variety of surface conditions. When clean and free fre 
mill s<^e, welding electrode life is very good. 

Figure 8 shows the standards of the Resistance Welc 
Manufacturers’ Association in r^ard to minimum phy 
cal and electrical requirements for electrode materis 
Also included are the names of some of the commerc 
electrodes in the various classes of materials. 

Spot Welding 

Table 1 shows welding set up conditions which v 
produce spot welds in this material. These values sho' 
are the basic values and will be used as such in c< 
junction with multiplying factors, in order to conve 
ently indicate the recommended spot welding set 
values for other materials to be discussed. 

A large portion of the Spot welding equipment used 
mild steel is not controlled precisely, so that this ta 
is not usable on material thinner than No. 22 gage if poi 
control is by non-synchronous equipment. In this ci 
weld time should ^ five cycles for the thinner mater 
and the weld current decreased from the values sho 
to maintain an equivalent weld heat. 

If mill scale is present, it is desirable to use sol 
electrodes, longer time and lower current value toget 
with higher pressure. Electrode maintenance is tni 
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ELECTRODE MATERIALS STANDARDS 

ER'JIPcSNT STANDARDS OF THE RESISTANCE WELDER MANUFACTURERS ASSOC, 



ELECTRQLOY 

MALLORY 

S-M-S 

V^ING 

SALES 

AVAILABILITY 

GROUP A* COPPER BASE ALLOYS 






Claas I. 

Grade A 

Slkaloy A 

Alloy 101 

Tuffaloy 88 

Bode. Bara. 

Forgings 

Clase 2. 

XX - TZ Mall. 

3 & Trod, 7 

Alloy 103 

Tuffaloy 77 

Rode. Bara. 

Caatinga, 






Storglnga 


Claaa 3 . 

TB Mall. 

100 & Trod. 1 

Alloy W5 

Tuffaloy 55 

Rode. ^ra. 

Caatinga. 





Forglnge 


(SOUP B> COPPER^IUNGSTEN ALLOYS 






Claaa 10 

ZLectroloy IV 3 

Slkonite ltf 3 

Alloy 1 

Tuffaloy 1*3 

Rods. Bare, 

Inaerta 

Claaa 11 

Electroloy IOV 3 

Zlkonite 10 tf 3 

Alloy 10 

Tuffaloy IOW 3 

Rods. Bare. 

Inserts 

Claaa 12 

Slectroloy 20W3 

Slkonite 20tf3 

Alloy 20 

Tuffaloy 20W3 

Rode. Bare. 

Inserts 

Claaa 13 

Electroloy lOOW 

Ukonite 100 V 

Alloy KjOW 

■Tuffaloy lOOW 

Roda. Bara. 

Inaerta 


S'lANDARDS 


Mlniaim Requirements 



PROPORTIONAL* 

HARDNESS 

COinUCIIVITY 

ULTIMATJ 

: TENSILE 

ELONGATION 


LIMIT 

Rockwell "B® 

^ of 

Copper 

STRENGTH P.S.I. 


% in 2" 
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80 
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20 
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20,000 35,000 

55 
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70 

75 
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15 

15 
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95 
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45 

45 
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10 
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78 


40 
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98 


30 
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29 
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Class 13 



38 Rockwell C 

28 
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* At Boom TenQ>erature and sensitlTitjr 1 in 100,000 
** Based on Cast Tensile Bars 
*** Fbr Section not exceeding 1 inch sqxiare 
**** 90 Boclcwell B on finished rods 
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higher and consistent welding results are unobtainable, 
so that cleaning or pickling of the material is advisable, 
if economically practical. 

Cold rolled steel has a higher yield strength and re¬ 
quires higher electrode pressures for spot welding as 
indicated in Table 2. This table shows the physical 
characteristics of the more common structural materials 
and indicates their effect on the optimum spot welding 
set-up values. It is assumed that flat electrodes will be 
of the same face diameter as that shown in Table 1 for 
the particular gage welded. 

Seam Welding 

Seam welding of low-carbon steels is accomplished on 
No. 14 gage with the same weld set-up values as shown 
for spot welding in Table 1 when welding at a rate of 
about three feet per minute with equal “on” and “off” 
times. With normal wheel speeds, values of weld current 
and pressure necessary for seam welding do not change 
as much as those for spot welding with a given change 
in gage thickness, apparently l^ause of preheating 
effect when seam welding a line weld. 

Projection, Butt, Flash Welding 

This steel may be easily projection or butt welded. 
Extreme variations in parts welded and machine char¬ 
acteristics prevent the presentation of any rules for esti¬ 
mating welding set-up values other than suggesting a 
comparison wiUi the required spot-weld values. 

In flash welding solid sections, the upset pressure 


should be near 12,000 psi. Pressure should be 30% less 
on thin sections. Flashing time will be about V* second 
for each 0.01 in. of matei^ thickness. Thin, wide sec¬ 
tions require longer flash time in which to trim edges. 
Secondary voltage should be only high enough to prevent 
“freezing” of the material during flash period. 

Wrought Iron 

This material has a low yield point also, and welds 
similarly to low carbon steel except that in spot welding, 
the layers of included slag lower its conductivity, and 
consequently the required welding current is less. Class 
1, high conductivity electrodes are preferable for this 
material. 

LouhAlloy Steels 

The use of small amounts of alloying materials in 
steel making results in a considerable increase in the 
yield strength. Another result is a decrease in the 
breadth of ^e plastic range so that the material appears 
more fluid while welding. These materials are often 
welded without removal of scale. 

Spot and seam welding of low-alloy steels is only 
slightly more critical in technique than that of low 
carbon. From a weldability standpoint, it is much 
preferable that strength in the finished assembly be 
obtained by use of low-alloy steels rather than the use 
of medium carbon steels having the same strength. 

Projection, butt and flash welding is accomplished 
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TabU 1— Basic Spot Waldixig Values Used on Low>Carbon.]Hot>Rolla<l, Clean Steel 








easily with the same technique used on low-carbon steels 
except an increased weld or upset pressure up to 20%. 

Alloy Steels 

The use of carbon and other alloying elements may 
result in great increases in the physical properties of 
steel. The welding of these heat treatable steels with 
normal procediu^s will result in an extremely hard and 
brittle weld zone which has low impact strength. There¬ 
fore, in order to effectively utilize the materials strength, 
it is necessary to heat treat the welded assembly. 

When spot, projection, butt, or flash welding medium 
carbon steels (0.50 C and less) beneficial tempering may 
be accomplished in the welding machine by allowing a 
cool time following the weld and then passing another 
lower power pulse through the weld. The cool time 
required is governed by the rate of heat transfer from 
wdd to electrode and by the carbon content of the 
material. 

Seam welding of high-carbon steels is impractical 
where design strength requirements are high unless fur¬ 
nace heat treatment is employed subsequent to welding. 

The flash welding of alloy steels is quite critical in 
set up requirements. Upset pressures range upwards to 
25,000 psi. of cross section. Excessively low pressure 
results in formation of a porous, large grained weld zone. 
Pressure higher than necessary results in pushing out 
from the joint that metal which has been heated to the 
welding temperature, so that relatively cold parts con¬ 
tact. This produces a low strength weld with “bright 
spots” or “flat spots” visible at the ruptured weld where 
no true fusion has taken place. 

Stainless Steels 

Many types of these steels are produced. They are 
high in chromium and nickel content and, while usually 
used in the cold worked condition, often contain carbon 
for additional strength (to 200,000 psi. ultimate and over). 
This carbon, when heated to a welding temperature, will 
gradually precipitate out to the grain boundaries, and in 
future service, intergranular corrosion greatly reduces 
the materials’ stren^. Therefore, resistance welding 
should be accomplished as rapidly as possible to prevent 
this precipitation when working with stainless steels 
containing carbon, unless this carbon is stabilized in the 
material by the addition of columbium or titanium. 

Other than this difficulty with carbide precipitation, 
stainless steels are easily welded. Conductivity is low 
so that current requirements are small. Yield strengths 
range upwards to over three times that of low-carbon 
steels. With this high yield (120,000 psi.) weld pressures 
for spot, seam, projection and flash, should be twice the 
values used for low-carbon steel. Butt welding is not 
recommended. 

The harder, low conductivity electrodes are preferable 
with stainless steel. Class 3 materials are satisfactory 
for spot welding and flash welding electrodes. Class 12 
materials are excellent for projection welding. Water 
cooling is very necessary when welding stainless steels. 

Coated Steels 

As indicated in Table 2, many metallic coatings are 
supplied on low carbon steels for corrosion resistance or 
ornamental properties. These materials are quite weld¬ 
able; the chief difficulty being the low melting point of 
the coatings which accelerates the alloying of the coat¬ 
ing with the welding electrode, with a consequent re¬ 
duction in its conductivity. To reduce this tendency to 
a minimum, the following precautions should be ob¬ 
served : 

1. Use high conductivity electrodes (Class 1). 

2. Use high weld pressures. 


3. Maintain low electrode temperatures (Good Water 
Cooling). 

4. Use short weld time. 

Since frequent cleaning of the electrodes is necessary 
domed (spherical radius) contour is preferable for botli 
spot and seam welding. 

Coatings seldom cause any difficulty in projection or 
flash welding because of the greater distance from elec¬ 
trodes to weld zone. Light phosphate coatings can be 
projection welded, but the high electrode maintenance 
and inconsistent weld results seldom justify their use. 

Aluminum Alloys 

Aluminum alloys are numerous and have a wide range 
of physical characteristics. Conductivity of all alloys is 
high, necessitating large weld currents. The plastic 
range is narrow, requiring precise control of welding set 
up variables. The presence of an insulating film of 
aluminum oxide on the surface of the materials makes 
welding results very erratic imless this oxide is removed 
by me^anical or chemical means prior to welding. 

Spot welding times are short in order to reduce alloying 
or “fouling” of the electrode. Spot weld electrodes are 
usually of Class 1 material and domed contour for eas)' 
maintenance since frequent cleaning is necessary. 

“Stored energy” control equipments, capable of de¬ 
livering large amounts of power for short periods of time, 
are admirably suited to this material in the light and 
medium thicknesses. Pressure requirements are often 
excessive when attempting heavier gages (V# in. and over) 
because of the short effective weld time. 

Seam welding of aluminum alloys requires a “weld 
time” about three times as long as the “cool time.” 
The “weld” times are usuaUy one-third to one-half of 
those specified for spot welding. Pressure is about 20%. 
higher and weld current 60% higher. 

Butt and projection welding is limited to rather simple 
straight forward jobs and results are distinctly inferior 
to the flash welding process for this material. Because 
of its high conductivity, this material requires a rapid 
flashing action and upset, the complete operation taking 
place in Va second on the lightest jobs and in 10 seconds 
for a solid section one inch square. Upset pressures 
required range to 20,000 psi. for the higher strength 
alloys. 

Magnesium Alloys 

These alloys are very light, of medium strength, and 
have a very narrow plastic range. They have consider¬ 
able range in electrical conductivity and required welding 
current. 

In spot welding, the material exhibits a great affinity 
for welding electrodes, and it is necessary to use high 
conductivity (Class 1) electrodes with good water cooling 
and short weld time. These alloys can be spot welded 
with the “stored energy” control systems manufactured 
for aluminum welding. 

Most magnesium alloy sheets are supplied with a 
chrome-pickle coating to inhibit corrosion. This coating 
must be completely removed prior to spot welding b>’ 
some means such as a motor driven wire brush or b>- 
chemical treatment. 

Projection and butt welding of these alloys is not 
recommended. Seam welding is difficult since it requires 
very precise control of energy, good electrode cooling, 
rapid work cooling, constant electrode cleaning, and 
uniformly clean material surface conditions. 

Flash welding of magnesium requires a very rapid 
acceleration during the flashing period, the total flashing 
time being somewhat less than that for aluminum, and 
the upset pressure also less in proportion to its yield 
strength. 
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Nickel and Nickel Alloys 

Nickel is supplied in the annealed condition or in 
various hardnesses of cold-rolled sheet. It can be spot 
welded by preferably using flat tips, somewhat more 
current than that required for low-carbon steel, and, in 
the cold rolled conditions, higher weld pressure. Some 
sticking of electrode to material is encoimtered until the 
surface of the electrode has been coated with a nickel- 
copper alloy. Excellent results have been obtained with 
a flat spot welding electrode with sides having an angle 
of approach of 10® to the face. 

Nickel alloys such as Inconel and Monel have much 
lower electri<^ conductivity and somewhat higher me¬ 
chanical strengths than the pure Nickel. In spot and 
seam welding, therefore, they require considerably lower 
weld currents as indicated in Table 2. 

The flash welding of nickel and nickel alloys is accom¬ 
plished at a speed similar to that for low-carbon steel 
and is quite critical in regard to the relationship of upset 
movement and current cut off point. This cut off, if too 
early, results in oxide and cast metal being trapped in 
the weld. If the cut off of current is delayed beyond. 3 
cycles past the upset, the weldments may be heated to 
a point where melting takes place at the grain boundaries, 
weakening the material. Power cut off point should be 
at some point within the second or third cycles after 
upset. 

Copper and Copper Alloys '' '' 

The low resistance or high conductivity of copper 
presents a serious problem in the spot, seam, proje^ion 
or butt welding of copper. Spot or seam welding-piay 
be accomplished in the lighter gages (to 0.040 in. thick¬ 
ness) by using electrodes of relatively high resistance, 
such as Group B copper-tungsten alloys or molybdenum 
alloys. In this case, the heat required for the formation 
of the weld is largely supplied by the electrodes—not by 
the resistance of the material being welded. 

Thicker sheets of copper may be “stuck” together by 
resistance welding, but this is more of a keying action 
with no actual wdd “slug” being formed. 

Spot welding of copper is rendered less difficult by 
plating the copper with tin in order to increase its contact 
resistance. Nickel and manganese coatings have also 
been used successfully. 

Projection and butt welding of copper are not recom¬ 
mended where design requires a sound weld. 


Flash welding of copper is accomplished readily using 
technique similar to that outlined for al uminum . 

Resistance welding of copper alloys is accomplished 
with a difficulty directly proportional to their electrical 
conductivity as indicated in Table 2. Thus Silicon 
Bronze and Nickel Silver are most easily spot and seam 
welded, silicon being the most effective of the elements 
for increasing weldability of the copper alloys. 

Seam welding of copper alloys requires lower pressures 
than those indicated in the spot welding chart of Table 2. 
Best strength values have been obtained at pressures of 
60 to 80% of those normally used on low-carbon steel. 

Projection and butt welding of the copper alloys is not 
considered reliable, although precise control of weld 
set-up and special projection design to compensate for 
extreme material wealmess at wdding heat may give 
satisfactory results. 

Flash welding is best done at a high rate of accelera¬ 
tion, short flash time, and short duration of current 
following upset, similar to procedure with Nickel. 


Welding of Dissimilar Materials 

In order to obtain a true weld between two unlike 
materials, it is nece.ssary that: 

1. Both metals will combine to form an alloy. 

2. Melting points are not widely separated. 

If extreme variations of electrical conductivity or weld¬ 
ment mass are present, it will be necessary to control the 
heat generated in or transmitted to the separate weld¬ 
ments by: 

1. Use of an jelectrode of low conductivity to increase 
heat in weldment having high conductivity. 

2. Use-of smaller electrode to concentrate current in 
high conductivity weldment (spot or seam welding). 

3. Design of projections, reducing flow of heat away 
from weld point in high conductivity or large mass weld¬ 
ment (projection welding). 

4. Use of short weld time, limiting heat losses. 

These expedients are unnecessary in flash welding 
because of the intense localized heating created at the 
weld line by the flash. 


—FLASH WELDING BOOK— 


Beginning with this issue and continuing in 
the next two issues there will be published a 
translation of the most comprehensive book yet 
available on Flash Welding. The book will be 
reprinted as a separate p>amphlet and will be 


available about Nov. ISth. Orders may be 
placed now and up to Nov. 1st. Price $1.00. 
A limited edition will be printed. Fulfillment of 
orders placed after Nov. 1st not guaranteed. 


AMERICAN WELDING SOCIETY 
33 W. 39th St., New York City 
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Shop Notes on Welding Stainless Steel’ 

By Vincent ]. Shanahan^ 


M aintenance, repair and fabricating shops 
will utilize increasing amounts of stainless 
steel in the future. Such shops do not always 
possess precision welding equipment as Unionraelt 
machines and elaborate spot-welding jigs or other de¬ 
vices so frequently referred to in the literature on stain¬ 
less steel. What shop foremen and welders can use is 
a practical summary data for stainless fabrication. 

What type of rod should be used? What size? How 
much will we need? Will the work distort? What does 
heat do to stainless steels ? These are the questions dis¬ 
cussed in the five sections of this article. 

1. Comparison of welding carbon steel and stainless 
steel. 

2. Effect of heat on stainless steel. 

3 Selection of the type of electrodes. 

4. Selection of size and quantity of electrodes. 

5. Operating instructions. 

1. Comparison of Welding Carbon Steel and Stain¬ 
less Steel 

Many welders who have successfully fabricated 
straight carbon steel are reluctant to weld stainless steel 
and have mistaken ideas of the difficulty of working 
stainless. First, it should be made clear that the 18-8 
stainless type can be very readily welded by the metallic 
arc and the acetylene processes. 

To obtain clean, ductile, uniform welds, we should 
know the general classification of stainless in comparison 
with carbon steels. 

If carbon steel is represented by the number 100 for 
each of the following classifications, we have these ap¬ 
proximate values for 18-8 stainless: 


Specific electrical resistance.040 

Melting point.95 

Specific heat resistance.110 

TTierraal conductivity.33 

Coefficient of expansion.145 


Briefly, we see that 18-8 has six times the resistance 
to electrical current and melts at lower temperature, con¬ 
ducts heat only one-third as fast and expands half again 
as much. This indicates that allowances must be made 
for expansion and contraction, and that holding fixtures 
would be desirable in many cases, and that chill bars and 
similar devices should be carefully considered in setting 
up the job. 

The fact that the electrical resistance of 18-8 stainless- 
is about six times that of mild steel means that lower 
currents can be used. The tables in “Operating Instruc¬ 
tions” will indicate these voltages. Straight chrome 
grades of stainless expand about 10% less than carbon 
steel and hence weld^ structures can be designed in al¬ 
most the same manner as mild steel. The low thermal 


* Scheduled for Twenty-Sixth Annual Meeting. A.W.S., October 1645. 
t Electric Steel Foundry Company, Portland, Ore. 


conductivity (approximately one-half mild steel) may 
cause slight warpage in gages and suitable jigs are advis¬ 
able. The electrical resistance of straight chromium 
grades is from three to six times that of mild steel with 
only a slightly lower melting point. The straight chro¬ 
mium stainless steels may be divided into two groups; 
those hardenable by heat treatment, and those non- 
hardenable. The latter group (Types 442, 443 and 446) 
contain 18% and over of chromium and heat tends to 
cause embrittlement, which cannot be entirely relieved 
by subsequent heat treatment. This grade is not gen¬ 
erally used in applications subject to vibration, shocks 
or deformations. 

The straight chromium stainless steels from 10-18% 
(Types 410, 420, 430 and 440) are hardenable and air- 
hardened in cooling from the welding temperatures. Heat 
treating and annealing from 1350 to 1400° F. will in¬ 
crease toughness and ductility of the weld area*. 


n. Effects of Heat on Stainless Steels 

The fundamental principle of all welding, whether by 
electric arc or by flame, is to apply sufficient controlled 
heat at a given point to melt and fuse the section to be 
welded. The above principle holds true, whether a filler 
rod is used or not. 

Heat, then, is the most important factor, not only be¬ 
cause of the distortion of stainless under temperature, but 
also because high temperatures definitely affect the ulti¬ 
mate corrosion resistance or physical properties of the 
stainless. Certain techniques and alloys ^ve been de¬ 
veloped to counteract the heat of welding. 

Let us consider the chromium-nickel stainless steels 
first. 

In welding 18-8 steels, the area on both sides of the 
weld is subject to varying degrees of temperature, rang¬ 
ing from approximately 2900° F. at the weld to room 
temperature at the extremities of the sheet or plate on 
a large piece. In the heated area there is a band at 
which temperatures between 900 and 1600° F. exist for 
a period of time. 

Within these temperatures the carbon in the steel com¬ 
bines with the chromium to form chromium carbides along 
the grain boundaries. This process is called “carbide 
precipitation.” Such an area is more subject to corro¬ 
sion than the base metal, because the chromium content 
of steel at that point is lowered by the precipitation. 

Several things can affect the degree of formation of 
the carbides. If a low-carbon stainless (Type 304) is 
used, the precipitation is less. A low-carbon (Type ^8) 
electrode is also of great assistance in controlling the 
carbides. The elements columbium and titanium (Types 
347 and 321) may be added to stabilize the stainless and 
to prevent the formation of chromium carbide. The 
length of time the steel is held between the critical range 
of 900 to 1600° F. has a direct and harmful bearing on 
the amount of carbides formed. The ratio of the ^oy 
content to the carbon content affects this precipitation. 
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Iron and Staal Inatltuta Type Numbers for Stainless Steels 

For Welding 


Steel 





• Use Electrode 

Type No. 

Carbon 

Chrome 

Nickel 

Other Elements 

Type Numbers 

302 

0.08-0.20 

18.00-20.00 

8.00-10.00 

Mnl.25 • 

308 

303 

0.20 max. 

18.00-20.00 

8.00-10.00 

S or Se 0.07 min., or 

MO 0.80 max. 

308 

304 

0.08 max. 

18.00-20.00 

8.00-10.00 

Mn 2.00 max. 

308 

309 

0.20 max. 

22.00-26.00 

12.00-14.00 


309 

310 

0.25 max. 

25.00-26.00 

19.00-21.00 


310 

316 

0.10 max. 

16.00-18.00 

14.00 max. 

Mo2.00-3.00 

316 

321 

0.10 max. 

17.00-20.00 

7.00-10.00 

Ti (min) 4 x carbon 

347 

330 

0.25 max. 

14.00-16.00 

33.00-36.00 

330 

347 

0.10 max. 

17.00-20.00 

8.00-12.00 

Cb (min.) 10 X Carbon 

347 

410 

0.15 max. 

10.00-14.00 



410 

416 

0.15 max. 

12.00-14.00 


SorSeO.07 min., or 
Mo0.60max. 

410 

420 

Over 15 

12.00-14.00 



430 

430 

0.12 max. 

14.00-18.00 


SorSe .07 min., 
mo. 60 max. 

430 

440 

Over 0.12 

14.00-18.00 



446 

502 

0.10 max. 

4.00- 6.00 


Mo. 50 max., 

Cb. 50 max. 

501 


Heat treatment of the entire welded article is the best 
way of eliminating the carbides, assuming that a sta¬ 
bilized stainless is not being used. After the carbides 
have formed at some point over 900° they cannot be re¬ 
absorbed in the solid austenitic condition of the steel 
until an annealing temperature of 1800-1900° F. has 
been reached. On cooling from these higher tempera¬ 
tures either in air or water carbides are again dissolved 
into “solution” in the metal. There are, to be sure, many 
mildly corrosive or sanitary applications where the 
presence of carbides is not h^mful and no effort need be 
made to control them. 

Carbide precipitation can be lessened by the shooting 
of a stream of cool water over the weld after laying each 
rod of weld. If the plate or sheet is thick enough to re¬ 
quire an inside and outside weld, the last weld to be 
made can be cooled by spraying water on the opposite 
side of the seam. However, more desired results can be 
attained by spraying water on each side of the seam as 
it is being welded. 

Caution must be taken not to get water into the weld 
crater at the time of welding. This is a very practical ap¬ 
plication on units that are too large for heat-treating 
ovens. 

Since many fabricated sections cannot be readily heat 
treated, metallurgical research developed the use of two 
other alloying metals, titanium and columbium, which 
prevent the formation of carbides when added to the 
chromium nickel steel in fixed proportions to the carbon 
content. The most common of these stabilized steels 
are Type 321 (titanium) and Type 347 (columbium). 
Columbium may also be added to other chromium steels 
(Type 309 Cb and Type 310 Cb) in order to prevent car¬ 
bides. 

Titanium is never used in stabilizing electrodes be¬ 
cause the element oxidizes almost completely at welding 
temperatures. Columbium is always the stabilizing ele¬ 
ment in 18-8 stainless electrodes. 

The straight chromium grades do not lose corrosion 
resistance as a result of heat of welding. They are stable 
at all temperatures. The physical properties of these 
steels are decidedly affected by heat, at^ they are as a 
group more difficult to weld. Heat enlarges the grain 
size of the chromium steels. 

In general, those under 18% chromium (Types 410, 
420, 430 and 440) air harden aJtter welding, lose ductility 
and thus become brittle. The strains which are created 
by the heat of welding can be so great as to cause the 
metal to crack, usually in the area adjacent to the weld. 
If the metal section can be preheated up to a range of 


350 to 400° F. before welding, the temperature changes 
are not so abrupt, but are spread over a larger area 
stresses a better opportunity to relieve or spread them¬ 
selves. Postheating up to temperatures of 1200 to 1400° 
F. may be useful in some cases. 

m. Selection of the Type of Electrodes 

In general the type of electrodes used should be the 
same as the type of metal to be welded, The analysis 
of the rod is usually of higher alloy composition in order 
to insure a weld equal in analysis to the parent metal. 
The coating of electrodes provides a flux which shields 
the molten steel from the arc, prevents oxidation of the 
chromium, helps to stabilize the arc and gives a more 
corrosion-resistant weld. In general a higher alloy con¬ 




Analyais 

of Elaotrodi 

M 

Type 

Carbon 

Chromium 

Nickel 

Molybdenum 

308 

0.07% max. 

19% min. 

9%.min. 

Mn2.00 

309 

0.25% max. 

25% min. 

12% min. 


310 

0.25% max. 

25% min. 

20% rain. 


316 

0.10% max. 

18% min. 

8% min. 

2-4% Molybdenu n 

330 

0.25% max. 

15% min. 

35% min. 


347 

0.07% max. 

18% min. 

8% min, 

with Columbium 


Cb 10 X Carbon 

410 

0.12% max. 

12% min. 



430 

0.12% max. 

16% min. 



446 

0.35% max. 

23% min. 



501 

0,10% max. 



2% with Molyb- 




denum 


tent is used in the electrodes rather than in the material 
being welded. For example 18-8 electrodes are fre¬ 
quently being used to weld straight chromium steels. 
Type 302 can be quite successfully welded with Type 308 
electrodes although Type 347 would be even better for 
the more severe corrosive applications. The use of elec¬ 
trodes with a different alloy content than the material to 
be welded should be carefully checked to determine if 
the corrosive conditions to be encountered would permit 
such a change. 

IV. Selection of Sizes and Quantity of Electrodes 

To assist the welder to determine the size and quan¬ 
tity of electrodes needed for a given job, the following 
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tables can be used as a general guide. Naturally special 
conditions may alter these figures somewhat. 


Butt Walds 


Platt; Size 

Rod Size, 
In. 

Lb. Rods 
per Ft. 
Weld 

Current, 

Amp. 

Arc, 

Volts 

30-22 gage 

Va 

0.04 

8- 15 

18 

18-20 gage 

V« 

0.06 

15- 25 

20 

14-16 eaae 

Vi. 

0.10 

40- 50 

22 

'■» In. 

Vn 

0.18 

80-100 

24 

»/i« In. 

Vi 

0.30 

110-130 

26 

‘u In 

Va 

0.50 

150-170 

27 

V,in. 

Vii 

0.76 

180-200 

28 

‘/j In. 

v« 

1.20 

225-250 

30 

In. 

Va-Vi 

2.75 

225-250 

30 

1 In. 

Vii-‘A 

4.50 

226-250 

30 


FiUat Walds 
Lb. Rods 



Rod Size, 

per Ft. 

Current, 

Arc, 

Plate Size 

In. 

Weld 

Amp. 

Volts 

30-22 gage 

Va 

0.03 

7- 12 

17 

18-20 gage 

Vn 

0.05 

12- 20 

19 

14-16 gage 

Vn 

0.08 

• 16- 25 

20 

V, In. 

Vii 

0.16 

35- 45 

21 

V„ In. 

Va 

0.27 

70- 90 

23 

Vt In. 

Vi 

0.45 

100-120 

25 

Vi In. 

Va 

0.65 

140-160 

26 

’/. In. 

Vi* 

1.10 

170-190 

27 

*/, In. 

Vi 

2.00 

220-240 

29 

1 In. 

Vir-Vi 

4.10 

220-240 

29 


Coated electrodes must be kept dry. This can be at¬ 
tained by heating rod storage room or cabinet to about 80 
or 90° F. Poor welds result in a damp coating. Damp 
coating will crack and drop off while welding and the 
bare electrode must then be discarded. Standard lengths 
of rod are 14 to 15 in. for Vs to Vs diameter and 9 
in. for V« to V« Center grip electrodes are 18 in. 
long. 

V. Operating Instructions 

The following practical rules for stainless welding con¬ 
scientiously followed, should improve both quality and 
production. 

1. First clean the work to be welded. Use stainless 
wire brushes and stainless steel wool. However, under 
wartime restriction this can be substituted for clean wire 
brushes. Keep the welding benches and fixtures free 
from all dirt of any type. 

2. Align all edges very exactly. Wherever the work 
will permit, holding fixtures shoiild be used. If jigs are 
not feasible or economical, tack welds are advised. The 
tacking should be on the opposite side of the weld if pos¬ 
sible. The size and number of tacks should vary with 
the type of work and weight of material, bearing in mind 
that the tack should fuse in with final weld or the tack 
should be ground or chipped out depending on both the 
quality of tack and quality of work desired. Chill bars, 
placed on the weld to convey heat away quickly, will help 
to minimize the carbide formation. Copper chills are 
preferred. 

3. Reverse polarity is generally used to weld stain¬ 
less, the electrode being positive and the work negative. 

4. A short arc produces the cleanest weld with the 


least splatter and best penetration. Do not let the arc 
become so short that the coating touches the raletal 

5. To start, strike the arc just ahead of the crater, 
then move back slowly to remelt the crater. 

6 . Advance at a rate which will completely fill all 
undercut, and at a rate which will not allow any slag 
inclusion. 

7. Clean off each weld bead thoroughly before a new 
one is laid. Any oxides or residues of flux on the steel 
will be focal points of weakness, both physically and 
chemically. Electrolysis may start within such pockets 
of impurities. 

8 . Avoid weaving the weld unless necessary on very 
wide beads. The motion tends to make slag inclusions. 
However, weaving can be accomplished after a little ex¬ 
perience but caution is very necessary. 

9. One pass can be used to weld thicknesses up to 
Vi« in- Over that multiple passes are superior. 

10. Renewing the electrode permits the metal to cool 
and solidify. It is very necessary that the old crater 
should be clean before striking the new arc. 

11. Clean the welded surface to resist corrosion, as 
well as improve appearance. The heat discoloration can 
be removed by pigling or grinding. Weld spatters must 
be chipped off with a chisel or sharp tool. They are the 
starting point of corrosion and destroy appearance. 

12. To shear or punch stainless steel requires about 
one and one-half or two times the capacity of mild 
steel. To prepare welding edges, planing is recom¬ 
mended, however, if this type of preparation is not at¬ 
tainable, grinding may be used. A caution must be 
exercised in grinding to keep the edges straight or par¬ 
allel with eadi other, where neither type of preparation 
available or practical because of conditions. One 
hundred per cent penetration can be obtained by welding 
in a slight vertical weld uphand on metal up to eight 
gages. On gages lighter than 14 gage or 16 gage no edge 
preparation is necessary, but the larger rods, more heat 
and speed are obtained by welding on a slight vertical 
position down hand. 


Oxyacetylene Welding 

Oxyacetylene welding will be referred to only briefly, 
since its greatest range of usefulness is in welding 20- 
gage and lighter stai^ess steel. The corrosion resist¬ 
ance, strength and appearance of the weld are best when 
a slightly reducing flame is used. A reducing flame 
(slightly excess of acetylene) is characterized by a bright 
blue cone inside the flame with a slight feathering beyond 
the cone. An oxidizing flame should and can be avoided; 
being easily recognized as the smallest flame in over-all 
proportions. Uncoated or bare rods are commonly em¬ 
ployed. A thin paste of flux may be brushed on the rod 
as the operator desires. 

The objective of this article has been primarily to as¬ 
semble some practical information for ^e shop welder 
on the fabrication of stainless steel. But this article is 
confined largely to “cause” and “effect.” There is much 
more that could be added, most of it is highly technical 
in nature as in the case of Unionmelt, atomic hydrogen, 
Heli-arc and resistance welding. 

Atomic hydrogen welding has come into the field of 
stainless steel welding which will be developed for 
smaller shop use. Atomic hydrogen welding can attain 
such a high degree of proficient fusion that it defies any 
physical or chemical analysis to detect the weld area. 
This type of welding can be used either with or without 
the filler rod. 


Editor’s Note: Discussion of this Annual Meeting Paper should be submitted not later than Sept. 10, 1945 
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CONTACTORS 


Arcing is eliminated at the contact tips of 
SyflfCI^0‘8R€Af( contactors by separately energizing 
the magnet "shading coil” from a transformer 
and rheostat circuit. Correct rheostat adjustment 
causes the contacts to part as the alternating 
current wave approaches zero. Thus, the contactor 
interrupts zero current and no arc is drawn. 


Elimination of arc heat at contacts increases 
allowable ratings and contact tip deterioration is 
reduced substantially. Rheostat adjustment is not 
critical and synchronization remeuns stable over 
long periods of usage. 


tures which assure long, trouble-free service are; 
Hardened, knife-edge bearings for long life with¬ 
out lubrication. Solid contact supports to conduct 
away heat and relieve contact studs from impact 
strain. Low inertia moving parts and short contact 


Among the importemt mechanical design fea- gap, permitting consistent high-speed*operation. 


FOR FULLY AUTOMATIC CONTROL OF RESISTANCE WELDING MACHINES 

Use S€ Lpto*U Weld or Sequence Time rs with SYNCROSREAK Conta c tors or UiGU’SPEEV Contactor 

Available In 18 NEAAA Notice attractive new | Available in either linsle ->— 

standard type* with lep- flat*doer cabinet cen> or double pole, employ* 

arote pneumatic timing struetion which harmo* ing the tame contactor 

relays for each step of nizeswithSafronttimers, as the 

the welding cycle. All This design allows more Syncre*Break. High* 

electrically energized interior wiring space Speed contactors without 

parts are placed behind without increasing over* - the synchronizing circuits 

a protective panel. Cali* oil outside dimensions, ' ‘^S are applied where op* 

brated timer dials are Wj^ Syncro*Break contactors J eration is less frequent 

adjusted from the front. ^ are single pole only. and loads are lighter. 
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Research—An Irresistible Force* 

By Dr. Howard E. Fritz^ 


M r. chairman and Members of The Ameri¬ 
can Welding Society: Please accept my 
expression of sincere appreciation for this, 
tonight’s assignment. It is a high privilege and a per¬ 
son^ pleasure to address you on a subject which is so 
full of meaning and hope for us and the generations to 
come. The perimeter of research is the universe. The 
law of research is “What are the Facts?” To violate 
this law leads people and nations to disaster. 

Throughout the early ages man constantly struggled 
toward a definite goal—a goal made his objective 
through dire needs, his geography, and his social en¬ 
vironment. If he was always hungry, his goal was food; 
if he was always cold, heat was his goal; if ill, cures be¬ 
came the goal. Simple, elementary necessities of life, 
but fear of failure to rea^ those go^ plagued him eter¬ 
nally, because he could never be sure that the path ahead 
was the one that led to enlightenment or into despair 
and destitution. 

The goal of early man was food. Next came religion, 
next fre^om, and now in our day it seems to be security, 
so the pertinent question is, what path shall we follow 
for security; how shall we make our plans ? 

In early history, as now, the method of acquiring new 
knowledge was by trial. I can find no reference to the 
first application of the name research to this process of 
trial, but it is accurately recorded in history that near 
the year 1800 men began to think and plan this process 
of trial, and this era ushered in the chemical revolution 
and the beginning of modem science. It is also interest¬ 
ing to note that in the same era began the battle for 
freedom, and in rapid succession there came to civilization 
freedom of resear^, freedom and the incentive to think, 
thus bringing about the great developments destined to 
be the introduction of the “Machine Age” and the “Age 
of Plenty.” 

The Bessemer process, the open-hearth process, the 
telegraph, the telephone, the dynamo, the discovery of 
oil, the internal combustion engine, the reaper, the 
thrashing machine, and railroad expansion, and so we 
have gone on until we now stand at the threshold of a 
brilliant and dazzling “Chemical Era.” Concurrent 
with this advancement, the words science and research 
became regular vocabulary. The difficulty is, however, 
that the general public does not have a full measure of 
imderstanding of the two terms and how they can benefit 
by the products of them. 

There seems to be a wave of effort to define science 
and research in terms understandable to the common 
man. In the last anal 3 rsis there really is no way to de¬ 
fine this great source of power; it is instinctive in man. 
But history and progress point to certain definite con¬ 
clusions which are very enlightening even though per¬ 
haps highly controversial. 

Permit me to make this bold and tmqualified state¬ 
ment, namely: that what we possess, cherish and revere 

* Presented before tbe Annuel Conference of the Clevelend Section, 
Ambkicak Wbldino SociBTy, Cleveland, Ohio, May 11, 1945. • 
t Director of Research, The B. F. Goodrich Co. 


in our civilization is ours as the result of accumulated 
science and research. 

You are quick to think of exceptions and contradic¬ 
tions to this statement, but let me present some clinchers 
before you tear me apart for this impertinence.. 

Before proceeding to that part, permit me to briefly 
explain science and research. 

The shortest and best definition of science that I can 
find is, “it is classified knowledge.” Now, I know you 
are not much interested and don’t care about such things, 
so accept my word that classified knowledge does the 
trick and plays an extremely important role in our so¬ 
ciety. 

Research—well, that means anybody working any 
place to do something different and/or tdieaper. Hence, 
a researcher may be anybody and a research laboratory 
can be-a woodshed, basement, kitchen, park bench, jail, 
penitentiary, pigpen, chicken coop, or a modem college or 
industrial laboratory. 

Now that I have cleared that part with you, I feel safe 
in stating the clinchers to which I previously refeired. 

1. You would be stating the whole truth if you de¬ 
clared that there is no phase of modem industry un¬ 
touched by science. Recall that the touch of an electric 
light button, the surge of power in your auto, that re¬ 
freshing iced beverage in summer, ^at invisible voice 
over the air, the killers of those deadly disease germs 
smallpox, diphtheria, rabies, and typhoid, and the count¬ 
less thousands of today’s necessities, comforts and 
luxuries without exception sprang or stemmed from a 
research laboratory. 

2. Food and the search for it for thousands of years 
has been man’s most desperate problem. It is a matter 
of historic record that hunger and undernourishment were 
the lot of mankind throughout the ancient and medieval 
times and that this was tbe prime reason for the piques 
and pestilences which once scourged the world. But 
when science and research put agricultural implements 
and the steam and gasoline engines into our hands, the 
era of plenty had arrived. 

3. The black and bubonic plagues of the 14th cen¬ 
tury were graver catastrophes to civilization than all 
of the accumulated wars combined, but a diligent, 
humble and skillful scientist by the name of Pasteur put 
an end to these ravages of ma^ind, through his brilliant 
work which led to the discovery of microbes, then vac¬ 
cines and antitoxins. 

4. Welding, your own and chosen profession, which 
has contribute greatly to a more luxurious living, and a 
more vicious method of warfare, passed through the re¬ 
search laboratory as early as 18^. I am spiking of 
our modem fusion welding and not of the very ancient 
^ of hammer welding practiced by the early black¬ 
smiths. That first art was the electric welding, next re¬ 
sistance welding in 1887, but even then they were in the 
experimental stages. In 1906 the various welding proc¬ 
esses reached commercial maturity. With the advent of 
atomic hydrogen welding, and X-ray inspection, welding 
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has become of age and is pow commonly accepted as one 
of our most priceless research treasiires. 

One could go on endlessly citing the accomplishments 
of science and research but let us have a look at the 
other side of civilization, just to make more convincing 
the statement that “our civilization is accumulated 
science and research,’’ and I mean the bad as well as the 
good of that civilization. 

1. Science taught us to wear hats, hence baldness, 
sinus, catarrh and colds. 

2. Science displaced the carriage and wagons, and 
gave us the automobile and aeroplane, hence the highway 
and air fatalities, ill tempers and the horrors of our mod¬ 
em wars. 

3. Science gave us chemicals, plastics and explosives, 
hence gas warfare, artillery,, occupational diseases and 
thousands of other hazards and dangers because of 
these scientific developments. 

4. Science gave us synthetic dyes and medicines, 
hence throwing out of their means of livelihood millions 
of peasants who till the soil to produce the products of 
nature, forcing them to other modes and practices, some¬ 
times for better, sometimes for worse. 

Truly there is no phase of our civilization which is un¬ 
touched by science and research. 

Let me further suggest that the spectacular advances 
made in the art of war are not due to new research but 
to the accumulation of knowledge in the science over 
many generations, and hastened to maturity by the im¬ 
pact of war. 

Here is a typical example of the validity of that state¬ 
ment as quoted by Dr. C. F. Kettering, vice-president 
of General Motors, in a recent radio address: “Seven 
hundred years ago prior to 1250 a.d., an English monk 
carefully wrote in his diary the following: T have pro¬ 
duced an explosion that outroared thimder and with a 
flash that exceeded the brilliance of lightning. Take 
seven parts of saltpeter, five of charcoal and five of sul¬ 
fur.’ That monk was Roger Bacon and he was describ¬ 
ing gimpowder, but little did Bacon dream of the in¬ 
fluence this discovery was to have on the course of civili¬ 
zation.’’ 

Many other things discovered hundreds of years ago 
are still steering the course of all mankind. There are 
some extremely important implications in our posses¬ 
sions of the present generations—passed on to us by 
those diligent, tireless and sincere workers of the past; 
their searching and restless minds through the years kept 
pushing back a little farther each century the veil of 
ignorance and superstition—that ignorance which had 
shrouded humanity for coimtless centuries and gave 
us the tools and the fundamental knowledge which 
comprises our precious heritage today. 

In spite of the fact that our generation may never be 
able to utilize all the scientific triumphs which have been 
compressed into the last three years, the search must go 
on unabated, the reservoirs of fundamental knowledge 
must be constantly enriched and expanded. Remember, 
many of us knew for sure that there would be no World 
War II in our day, but we can thank a kind providence 
who stayed the hand of our “economic skeptics’’ who, 
through ridicule, might have prevented the full search 
for fundamental new knowledge and instruments for 
defense of our freedom. Research is a weapon for fight¬ 
ing the hazards of obsolescence. It is the task of special¬ 
izing in change. 

Let us fold back the pages of history to 1914. Here is 
w’hat we see: 

1. No rugged he-man ever wore a wrist watch. 

2. The automobile self-starter had just come over the 
horizon. 


3. A woman who used cosmetics such as rouge was— 
well, not a sissy. 

4. A rubber tire did a marvelous 3000 miles of serv¬ 
ice. 

5. Aluminum was almost a precious metal. 

6. Rustless steel?—well, whoever heard of such a 
thing? 

7. Tuberculosis and pneumonia nearly always fatal. 

8. The diseases Spanish influenza and polio had not 
yet enmeshed us. 

9. • Insulin for diabetes was unborn. 

10. Radio was an amateur’s toy. 

11. The word “streamlined’’ and the things for which 
it stood had not been conceived. 

12. Vitamins, sulfa drugs, hormones, quinine sub¬ 
stitutes, penicillin—if anyone would have been bold 
enough to suggest such things he would have become an 
inmate of a sanitarium. 

13. Welding of any kind, except by the blacksmith, 
was in its infancy. 

14. The Japanese owned a silk monopoly. Secure 
from any encroachment, Nylon was still beyond the 
mystic screen. 

Science-wise, the nation in 1914 was in a state of coma. 
The chemist and scientist to the common man were the 
“Men from Mars,’’ the public was loathe to experiment; 
suspicious of new things, the prevailing sentiment was 
that “My father got along with what he had for 50 years 
and that is good enough for me—I’ll stick to my horse.’’ 
Some of you present here tonight remember the early 
stalled automobile and the crowds that gathered to hurl 
verbal brick bats at the imhappy owner in his cap, gloves, 
goggles and duster. “Get a horse; get out and get 
under,’’ we seem to hear as a hollow echo of those grim, 
complacent days. 

World War I literally tore us out of our lethargy, 
whipped us into action, and initiated an era of scientific 
accomplishment, which can truly be recorded as the 
dawn of “America’s Day of Eminence’’ among nations. 
A feverish search for talent began. What kind of talent? 
Talent that could make weapons, food, clothing and in¬ 
struments to equip a military force, to compete with a 
savage enemy, an enemy trained and skilled for a gen¬ 
eration in the use of scientific instruments of destruction. 
It soon was discovered that dispersed thinly throughout 
oiu American civilization was a fellow known as a scien¬ 
tist, chemist, physicist, biologist and the like, heretofore 
little known but tolerated as a part of the great Ameri¬ 
can melting pot. It soon thereafter developed that these 
scientists were just what the doctor ordered, for they 
could design, make and constantly improve the gear 
necessary to wage vigorous warfare. People were bitten 
by the “science virus.’’ Such names as “mystery man,’’ 
creative thinker, fundamentalist, pioneers were quickly 
attached to these people—the day of awakening had ar¬ 
rived. 

That war, World War I, brought home to us with 
terrific impact, the amazing and ruthless possibilities of a 
scientifically waged war. Our leaders hastily gathered 
the nation’s pitifully small band of scientists about them 
and with the help of our allies we muddled through to an 
imsatisfactory conclusion, and in about five years we 
had forgotten the lessons inscribed for us in blood on 
the battlefields of Europe. But the scientist did not 
forget. He had learned that the scientific tools of war 
are but modifications of industry’s most prized develop¬ 
ments. He further knew that the next war would be 
waged from the stockpile of accumulated fundamental 
knowledge which stockpile he immediately set out to en¬ 
rich and expand. Let us briefly scan a few of the ac¬ 
complishments of science between World Wars I and II. 

1. There are now known about 2000 plastics of which 
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perhaps 95% have been brought to the surface between 
the two wars, and now a new one appears at the dizzy 
rate of about one a month. Keep your eye on the sili¬ 
cones and organo-silicon halides, resisting heat up to 
500° F., good electrical insulators, lubricants of great 
value at temperatures as low as — 50° F. All made from 
sand. 

2. DDT (dichlorodiphenyl trichloroethane), a germ- 
killing chemical so toxic to insects that one treatment of 
a space is effective for 60 days. Don’t become too op¬ 
timistic about a bngless world, however—that would he 
our finish. 

3. In your own industry, atomic hydrogen welding 
unfolded to the world by Dr. Irving Langmuir in 1926. 
This brilliant research has made possible stratosphere 
flying and many other new and novel creations for peace 
and war. 

4. The discovery of a medium in which to grow quan¬ 
tities of pure virus. This type of microbe is responsible 
for such diseases as typhus, the mass killer; influenza, 
yellow fever, infantile paralysis, the common cold, etc. 
Living virus cannot be seen by the use of any known in¬ 
strument, thus making the job of investigation tremen¬ 
dous. Viruses, furthermore, only thrive on living media. 
To Dr. Ernest W. Goodpasture should go the thanks and 
gratitude of a suffering world. He found the way. His 
medium, a live fertile egg—a chick embryo. Grow the 
uncontaminated virus in the eggs, parti^y destroy or 
weaken its virulence in the form of vaccines or anti¬ 
toxins and we have cheap protection against many of 
the virus diseases. 

5. Contact lenses. They have arrived. You can 
now play football, go swimming, have a boxing match, 
wash your face, and read the paper while getting your 
hair cut, without taking off your glasses. Rain, sleet, 
wind, spray, dust, flying fragments with open vision. 
Invisible, comfortable, convenient. 

6. Electronics, television, frequency modulation, 
walkie-talkies, radar, the electron microscope, the mass 
spectrograph have revolutionized our thinking and our 
doing, we are only beginning in electronics, efficient 
production of radio waves many times the frequency of 
the shortest waves known before opening up a great 
number of* channels for our radio comfort and conven¬ 
ience. 

7. Blood plasma, a new raw material for medicine 
and sxugery. We will probably find it necessary to 
maintain a permanent bank of human blood. We will 
have shock cases from auto, airplane, railroad and 
other accidents. However, we are beginning to hear 
rumbling of a startling substitute discovery for human 
blood plasma. The product is made from gelatin, bear¬ 
ing the name oxpolygelatin. 

8. Glass fibers and threads with tensile strengths of 
3,500,000 lb. per square inch—ten times that of mild 
steel. 

9. Rattlesnake venom for treatment of asthma, 
epilepsy, excessive bleeding and arthritis. The venom is 
dehydrated into yellowish crystals mixed with distilled 
water and sent off to Array and civilian medical centers 
all over the world. The state of Texas now has a thriving 
industry, based on dairy herds of rattlesnakes milked 
every two weeks for their lethal potion. 

10. Triptane which is trimethyl butane. 150 octane 
motor fuel, a designed molecule. 

11. Synthetic quinine, not a substitute, the real Mc¬ 
Coy. A scientific triumph. 

12. New rubbers by the hundreds—not as we have 
known them before—performing unique and unexpected 
jobs and made from wheat, com, garbage, soyabeans, 
coal, petroleum, milk, sweet potatoes and salt. 

In December 1910, the Saturday Evening Post pub¬ 


lished an article entitled, “Some Facts About Rubber,’’ 
as follows: 

"It is the semiscientific inventor of synthetic rubber that 
is really dangerous —to the pocket, not to the industry. 
One of the last men who claimed to have accomplished 
the making of rubber synthetically hurriedly left for 
England—^with his backer’s money—and is said to be 
doing time over there because of his experiments in the 
manufacture of synthetic shillings. He was not self- 
fooled. He got and gets the capitalist because there is a 
remote possibility that some day rubber may be made by 
synthesis. I don't believe it, you don't believe it and the 
capitalist doesn't believe it; but on the off chance that it 
may be true we gamble a few thousands and lose.’’ 

With the 1910 background, permit me to tell you about 
some of my own company’s contributions to Uiis amaz¬ 
ing development of man-made rubber. 

Independence from natural rubber is now an accom¬ 
plished fact. Approximately one million tons of syn¬ 
thetic rubber of all types will be manufactiued this year 
in the United States, most of which will be GR-S, mean¬ 
ing government rubber-styrene type. A fabrication of 
a giant synthetic rubber industry with all its ramifica¬ 
tions, beginning from scratch and in the amazingly short 
period of less ^an four years is chemistry’s greatest war 
achievement. 

Until now. Nature was the chemical engineer in the 
production of crude rubber. Today, chemical engineer¬ 
ing is essential and vital in the manufacture of the mate¬ 
rials and in the production of man-made rubber, and this 
victory over Nature, even though still incomplete, has 
averted disaster for the Allied Nations. 

Beyond the vital rubber victory looms the great im¬ 
portance of synthetic rubber manufacturing facilities 
in the world economy which will follow final victory. 

For the first time in history, America is now a principal 
rubber producer, and the advantage of a sound basis for 
dealing with natural and synthetic rubber production 
and prices may be appreciated by examining some 
simple but mighty important figures. * 

The difference between 10 cents a pound and 20 cents 
a pound for rubber, based on consumption of 850,000 
tons a year, would be $190,000,000, and such saving in 
four years would exc^d the $700,000,000 exj^diture 
for the war-necessitat^ government synthetic industry. 

GR-S is not Buna S. So far as I can learn no one in 
this country ever learned or yet knows what the German 
Buna really is or how it is made. 

To prepare GR-S, butadiene which has been liquefied 
by compression and cooled, is mixed with styrene, soapy 
water and several minor “salt-and-pepper” ingredients. 
The mixture is then heated and stirr^ under pressure, 
whereupon the molecules of butadiene and styrene join 
together to form an emulsion of synthetic rubber which is 
quite similar to the latex obtained from rubber-producing 
trees. This latex is first stabilized by treating with rub¬ 
ber antioxidant and heat. From here on the process of 
obtaining a sheeted rubber is like that used for natural 
rubber. The latex is coagulated with acid producing a 
curd. 

Koroseal is a plasticized vinyl resin made from the low- 
cost, domestic, abundant raw materials—coke, limestone 
and salt. In asearch for adhesives to bond rubber to metal, 
Koroseal was discovered as a by-product of that re¬ 
search. It is rubber-like, but is noninflamraable, does 
not swell in oil and greases, and has superb aging quali¬ 
ties. 

Immediately the war ends the material will be avail¬ 
able in great quantities for civilian rainwear, garden 
hose, shower curtains, stainproof tablecloths, insulation 
and a host of other useful and unusual products. Koro¬ 
seal, being practically a water-clear product, lends itself 
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to dyeing and tinting for articles of novelty and beauty. 
Its outstanding value to the nation has b^n its ability 
to displace or replace rubber in the emergency and in 
many cases at greater values to us than we ever obtained 
from rubber. 

So then let us not |>erjure ourselves by knowing for 
sure that all these fundamental accomplishments grew 
out of new research for war, for it is only the rapid ma¬ 
turing of much earlier research. 

There is an underlying reason, however, for the rapid 
maturing and greatly expanded research output of the 
nation explain^ by the following figures. 

Industrial research activity in these United States 
between 1920 and 1940 increased by approximately 
700%. In 1920 there existed approximately 300 indus¬ 
trial research laboratories. In 1940 there were more 
than 2200 such laboratories employing 70,000 people and 
spending approximately $300,000,000 annually. What 
is all this for? Just a search for new knowledge, from 
which new knowledge we hope for still further advances 
in our social life and comforts. But research possessing 
such powerfully destructive potentialities must be care¬ 
fully and patiently exploited to avoid grave tragedies 
and blunders. Those institutions and people surging 
through the maze of Nature’s treasures brought our 
scientific war effort to parity at least, with that of our 
enemy. They have slugged it out toe to toe with the 
“superman” and in the final round of the battle of the 
scientific giants the Germany we have known with its 
proficient mass standards of killing has been crushed to 
earth and we hope never to rise again. “Est ist verbo- 
ten,” the Teutonic symbol of dominance, is only a mock¬ 
ing memory. Here again we have that impressive lesson 
of the brawn of man pitted against the products of his 
own brain, the power of the brain always wins. 

This war, any war, quite contra^ to common belief, 
does not add to the stockpile of fundamental knowledge, 
rather it depletes that stockpile, because after the battle 
tjiere are no more secret weapons. The military oppo¬ 
nents have “shot the works” in the desperate struggle 
for victory. 

Therefore, the best insurance policy of freedom for any 
freedom-loving nation is an overflowing reservoir of 
fundamental new knowledge. How shall we fill that 
reservoir? By drifting back into complacency as we 
did 25 years ago? By continuing to exploit our fellow 
men ? By insisting on a life of ease and comfort? If you 
think so, then we shall mourn a war fought in vain. 
But if we can learn again from this bloody and senseless 
struggle the fundamental fact that Nature’s treasure 
chest is the only safe frontier left for us to exploit, and 
we will exploit it in harmony, the basis for a civilization 
of luxury and freedom is established. What is the 
method of exploiting these treasures of Nature? A proc¬ 
ess we call scientific research. Not to be confused with 
research, a simple definition could well be: An attempt 
to know more, about more, so that we can have more, 
more of the time. An old adage is in order here: “The 
empty wagon rattles more than a full one, but carries no 
pay load.” An empty brain also carries no pay load. 

It has been said that in a dictator nation Uie dictator 
succeeds only if he can keep his subjects’ stomachs full 
and their heads empty. That is why in such nations only 
a chosen few are permitted to think, but in our society, 
millions of free-thinking men must think and work even 
to the point of drudgery to preserve this most desirable 
and most fragile form of government. By such effort 
can we keep that stockpile flourishing. Our slogan for 
the future could well “Intelligent failure is com¬ 
mendable; inexcusable ignorance is damnable.” 

There seems to be a general feeling among the lay 
public that science is a mystery, that the people in sci¬ 


ence perform miracles. Of course that can’t be true. A 
scientist adheres to what the facts justify and sometimes 
they are very simple facts and if we have failed to come 
far along c^tain roads overhung with controversy, it 
may be ^at the facts have not be^ developed. 

This misunderstanding is a tragic misfortune. It 
prevents us from making free use of the products of 
science. Science and its accomplishments are dramatic. 
Some of the deepest and most cruel dramas of life have 
centered around the lives of scientific people. Lavoisier, 
the discoverer of combustion (The principle of all our 
prime movers today) put water in the soldiers’ tobacco 
to keep it moist and was ruthlessly sacrificed in the in¬ 
ferno of political corruption. 

Madame Curie, twice winner of the Nobel Prize, re¬ 
jected wealth, was indifferent to honors, and finally died 
a victim of her own scientific triumps, radioactive bodies. 

Pasteur, the patient little man of microbe fame. (At 
that time microbes were a subject of ceaseless jesting.) 
His life was threatened if failure was his lot in a chosen 
public experiment, but from this early beginning modem 
surgery bad its start. His was a great lesson in humility. 

The Wright brothers, after many rebuffs in their own 
country, were recogniz^ by the European nations, and 
the original flying machine was exil^ to the Science 
Museum in London. 

Thomas A. Edison, then a telegraph operator, was 
fired from his job for his first invention—a telegraph re¬ 
peater. 

Charles Goodyear made some of his experiments on the 
vulcanization of mbber while confined in a Philadelphia 
jail as a common debtor. 

At one time while trying to make his electric motor, 
Thomas Davenport tore his wife’s silk wedding dress 
into strips for insulating the coils of wire. 

History is replete with these scientific dramas to the 
everlasting humility and discredit of mankind. The 
military graveyards of the world are filled with expend¬ 
ables in payment for the arrogance and selfishness of 
ignorant aggressors. But the civilian graveyards are 
filled with many more martyrs of a misunderstanding 
public who refused to experiment and thus ignored the 
fruits of science and permitted them to rot in the field 
unharvested. 

Scan your own experience on the most recent past and 
I dare say that you had a close kin, dear friend or busi¬ 
ness associate sticken with a malady such as diabetes, 
pernicious anemia, diphtheria, tuberculosis, yellow fever, 
influenza or smallpox, who walks beside you today only 
because of that priceless preventive or cure, but that is 
not all, cancer, infantile paralysis, heart disease, leukemia, 
and many others are still b^nd the veil of ignorance. 
When the polio epidemic strikes this fall you will gather 
your loved ones about you and pray to a soverign God 
that you and yours may be spared the ravages of that 
awful disease. But that is not enough. Oratory prom¬ 
ises and wishing will never solve an)rthing. We must 
probe, plan and devise the modem weapons with which 
to fight. Research and trial is the answer. It has been 
the answer thousands of times before, it will not fail us 
now. If we are to sustain our standard of civilization 
we must give all possible impetus and encouragement to 
those people who will be constantly plowing the new 
ground in search for that more bountiful harvest through 
the “frontiers of thinking.” Such action will fill to flood 
tide the reservoir of fundamental new knowledge. 
Yours and my major obligation to society is to promote 
scientific tolerance and a greater depth of understanding 
and comprehension for those new revelations which the 
human mind will uncover in this boundless universe. 

Remember, there is no such thing as mass production 
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of creative thinking. We can dominate, threaten and 
drive, but such metiiods will not and cannot inspire, and 
inspiration is and can only be the product of free men. 

In spite of the fact that most of the world is living in 
an era of terror in which men seem to be willing to sur¬ 
render those rights for which their predecessors were 
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NEW GUIDE AND SPECOTCATIONS FOR 
IRON AND STEEL ARC-WELDING ELEC- 
TRODES 

The continual increase in the applica¬ 
tions of metal arc welding may in part be 
ascribed to the concurrent advance in the 
development of new and improved types 
of electrodes, each designed to do specific 
jobs in the most efficient manner. To 
provide for classification of the various 
types, the American Welding SoaETY 
and American Society for Testing Ma¬ 
terials have jointly undertaken the formu¬ 
lation of specifications for these materials. 

The largest volume of electrodes pro¬ 
duced is for the welding of mild and low- 
alloy steels. Electrodes of this type, iden¬ 
tified by the well-known classification 
numbers E6010, E6011, etc., are covered 
in Tentative Specifications for Iron and 
Steel Arc-Welding Electrodes. This stand¬ 
ard has been in use for several years and 
has been revised periodically. The most 
recent revision has just been completed. 
The new issue, carrying the Designation 
A 233-46T embodies revisions which, 
while making some modification of pre¬ 
vious test requirements, are primarily in¬ 
tended to clarify these tests requirements 
by more specific definition of what is re¬ 
quired for each classification, and how the 
required tests are to be performed. For 
more ready reference, test condition.s and 
results have been included in tabular form, 
and a new table has been added summariz¬ 
ing all test requirements. 

Xew Guide 

In the course of preparing this revision 
it was recognized that there are much data 
on electrodes which, while not proper for 
inclusion in the specifications, would be 
useful to potential users in guiding them 
toward an understanding of the best suited 
applications for the various electrode 
classifications established by the Specifica¬ 
tions. To provide this information the 
"Guide to A.W.S.-A.S.T.M. Classification 
of Iron and Steel Arc-Welding Electrodes" 
has been prepared to supplement the speci¬ 
fications and has been included as an ap¬ 
pendix to them. 

This "Guide” explains the concept of 
the cla.ssification numbering system used 
in the specifications and a discussion of 
each electrode classification in the E 60 
series as to type of coating, suitable cur¬ 
rents and voltages and mechanical proper¬ 
ties. Also included is a list of codes with 
which each classification complies. 

Individual copies of the revised specifi¬ 
cations A 233-4 5T, and the appended 


Guide, may be obtained from either the 
American Welding Society, 33 W. 39th 
St., New York 18, N. Y., or the American 
Society for Testing materials, 260 South 
Broad St., Philadelphia 2, Pa., at 25 cents 
per copy. 


MEMORIAL RESOLUTIONS 

(Adopted by Board of Directors, A.W.S., 
June 28th) 

ALFRED VICTOR DE FOREST 

Res<dved that there be spread on the 
records of the American Welding So¬ 
ciety and transmitted to the family of 
Professor A. V. de Forest and the Com¬ 
pany with which he was affiliated, in 
memorian and appreciation, that: 

Alfred Victor de Forest died on April 6, 
1945, at his home at Marlboro, New 
Hampshire. He was one of the most dis¬ 
tinguished members of the American 
Welding SoaETY. By person and 
achievement he honored his Alma Mater, 
the Massachusetts Institute of Technol¬ 
ogy, from which he was graduated in 1911. 
After further study at Columbia and teach¬ 
ing at Princeton, he worked in applied re¬ 
search for the American Chain Company. 
Subsequently Prof, de Forest was consult¬ 
ant to various companies including Hamil¬ 
ton Standard Propellers, Spang Chalfant 
Company and John Cbatillion and Com¬ 
pany. In 1934 he joined the Faculty of 
the Massachusetts Institute of Technology 
where he was for some years Professor of 
Mechanical Engineering in charge of the 
dynamic testing laboratories. He was 
founder. President, and more recently. 
Chairman of the Board of the Magnaflux 
Corporation. 

Professor de Forest was an energetic 
contributing member of technical commit¬ 
tees of a number of societies. He was best 
known in the welding and metallurgical 
profession for his inventions and develop¬ 
ments in the field of testing and more par¬ 
ticularly magnetic testing. For this and 
many other achievements de Forest was 
acclaimed by bis associates and this 
acclaim took the form of the Dudley Medal 
of the American Society for Testing Ma¬ 
terials in 1928, the Longstreth Medal of 
the Franklin Institute in 1936, the Syl- 
vanus Albert Reed Prize of the Institute 
of the Aeronautical Sciences in 1938 and 
the Howe Memorial Lecturer of the Ameri¬ 
can Institute of Mining and Metallurgical 
Engineers in 1941. 


Alfred Victor de Forest was well and 
kindly known. His friendly wit endeared 
him to his colleagues. A man of brood in¬ 
terest, ever willing to give counsel, a tnan 
of vision, ever looking beyond the horizon, 
a man of daring and courage tempered only 
by knowledge; a scientist and humani¬ 
tarian, an inspiration to all who knew him ; 
and a man best characterized in bis favor¬ 
ite position at the helm of his smalt sailing 
ship, always headed out and up, to chart 
the unknown and to push back the 
horizon. 

• • « 

EDMUND A. D07LE 

Resolved, that there be spread on the 
records of the American Welding So- 
asTY and transmitted to the family of 
Edmund A. Doyle and the Company with 
which he was affiliated, in memorian and 
appreciation, that: 

Edmund A. Doyle died suddenly at his 
Home, New York City, on May 4,1946. 

Mr. Doyle had been an active member 
of the American Welding Society ever 
since its formation. He served on many 
standing and technical Committees and as 
a Director; and was President of the 
American Welding SoaETY in 1930-31. 
He was responsible for organizing the im¬ 
portant Committee on Building Codes, 
and until bis election as President of the 
Society served as Chairman of that Com¬ 
mittee. 

Mr. Doyle received his early education 
in Baltimore, Maryland, and was grad¬ 
uated from Johns Hopkins University in 
that city, as a mechanical engineer. Dur¬ 
ing the first World War he served in the 
Corps of Engineers of the United States 
Army, entering the service as a first lieu¬ 
tenant and rising to the rank of major. 

Mr. Doyle’s first interest in the welding 
and cutting processes dates back to 1908, 
when be took part in the raising of the 
battleship Maine from Havana Harbor. 
He followed up this early interest by study¬ 
ing oxyacetylene welding and cutting at 
the trade school of the Davis-Bournon- 
ville Company. Later be entered the em¬ 
ploy of this cohipany as a salesman. He 
rose through successively more responsible 
assignments to the position of general 
manager. 

Mr. Doyle became connected with The 
Linde Air Products Company in 1922, en¬ 
tering thb organization as aasistant gen¬ 
eral sales manager in charge of service. 
Four years later he became consulting en¬ 
gineer on process development, a position 
which be held until his death. 

Edmund A. Doyle made many warm 
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THIS SEA-GULL LIVES ON THE GROUND 



This is a “flight trainer'’— an electronically operated replica 
of the PBM-3 flying boat. It was conceived by the Bureau 
of Aeronautics and developed by Bell Telephone Labora¬ 
tories to train Navy bomber crews on the ground. 

The new crew climb a few steps to get in and from then 
on it is like being in a big plane at night. Controls tug 
against the pilot’s grasp and “engines” roar in response 
to the throttle. From his desk, the instructor creates every 
situation of real flight — even to iced-up wings, conked-out 
engines and sudden air-pockets. The novice pilot and his 
crew get the feel of danger without the hazard. 



Once the control dials are set, the various effects are 
automatically organized and set in motion by concealed 
machinery which includes 200 vacuum tubes, 60 motors, 
loudspeakers and hundreds of associated parts. Twenty 
Laboratories engineers worked more than a year develop¬ 
ing the project Drawings covered an area equal to 15,000 
square feet. 

This is only one of the 1200 projects in which our experi¬ 
ence has been able to help the Armed Forces. What we 
have learned in devising electronic circuits to train flyers 
will help build better telephones. 

BELL TELEPHONE LABORATORIES 
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friendships among men in the welding in¬ 
dustry. They will remember him for his 
inspiring leadership, his administrative 
skill, his sound engineering background 
and his genuine good-fellowship. 

CLAUDE J. HOLSLAG 

Whbkbas we, the members of the Board 
of Directors of the American Welding 
Society, have learned with deepest sor¬ 
row of the untimely death on June 11, 
1946, of C. J. Hotslag, President of Elec¬ 
tric Arc, Inc., Newark, N. J.; and 
Wrbrbas Mr. Holslag was a pioneer in 
the evolution of the welding art, as well as 
in the development of the American 
Welding Society; and 
Whereas this Society feels keenly the 
loss which it has sustained in the death of 
Mr. Holslag; and 

Whereas we, the members of the Board 
of Directors of the American Welding 
Society, honor Mr. Holslag for his in¬ 
tegrity, sincerity, sound business judgment 
and understanding, and wish to express 
the esteem in which we hold his memory 
for his qualities, his keen mind, hi.s pa¬ 
tience and generosity, which made him an 
unfailing source of inspiration to all who 
came in contact with him, and in apprecia¬ 
tion of his outstanding services to the 
American Welding SoasTY: Therefore 
be it 


Resolved, That we place on record an ex¬ 
pression of our deep ssnnpathy with Mr. 
Hoslag’s family in the bereavement which 
they have suffered, and also with his busi¬ 
ness associates in the Electric Arc, Inc.; 
and be it 

Resolved further. That the Secretary of 
the American Welding Society be in¬ 
structed to spread these resolutions upon 
the records of the American Welding 
Society and to transmit an engraved 
signed copy thereof to Mr. Hoblag’s 
family and to the officers and directors of 
the Electric Arc, Inc. 

GEORGE T. HORTON 

Whereas in the death of George T. 
Horton the American Welding Society 
has suffered an irreparable loss; and 
Whereas his wisdom and spirit of gen¬ 
erous wholehearted service as member and 
Past-President have contributed largely 
not only to the growth and success of this 
Society but also to the evolution of the 
science and art of welding; and 

Whereas this chaotic world is in sad 
need of such a spirit of wisdom and sympa¬ 
thetic understanding: Therefore be it 
Resolved, That the Board of Directors of 
the American Welding Society hereby 
express' their deep sympathy to Mr. 
Horton’s family and associates, and their 
conviction that his spirit will carry on into 


the lives of many fortunate enough to have 
felt his influence either directly or indi¬ 
rectly; and be it 

Resolved further. That this resolution be 
spread on the records of the Society and 
that copies thereof be transmitted to the 
members of his family and to his business 
a.ssociates. 


OBITUARY 
Claude J. Holslag 

Claude J. Holslag, President of Electric 
.\rc, Inc., of Newark, N. J., died on June 
11th in the Presbyterian Hospital at the 
age of 60. 

Mr. Holslag was a graduate of Columbia 
University. He was with the New York 
Central Railroad before becoming one of 
the founders of the Electric Arc Cutting 
and Welding Company in 1918 and Presi¬ 
dent in 1922. 

Mr. Holslag was one of the founders of 
the American Welding Society. He was 
a member of the Emergency Fleet Weld¬ 
ing Committee during World War I. He 
pioneered in the development and use of 
covered electrodes and a.-c. welding. 
His work in this field was carried on in 
spite of great opposition and won him the 
Samuel Wylie Miller Medal of the' Ameri¬ 
can Welding Society in 1939. Mr. Hoi- 
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Monessen, Po., Atlanta, Chitogo, Denver, los Angeles, New York, Philadelphio, Pittsburgh, Portland, Son Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 

AMERICAN CHAIN & CABLE 


• The three booklets and the leaflet shown 
here are for everyday use. Their purpose is 
to give welders up-to-date information on 
the selection of electrodes for si>ecific jobs 
and how to use them to get best results. 

DH.1023-lf you ore welding stainless steel, this 
24-page booklet will be of value to you. It is 
almost a textbook on stainless steel electrodes 
and their proper use. 

This booklet is much more than a de¬ 
scription of Page AF Hi-Tensile Electrodes. It is a 
comprehensive illustrated manual on their use. 

1174 — This is a leaflet which describes the 
physical, chemical and working characteristics of 
the Page High Carbon Shielded Arc Electrode. It 
also lists a few of its many applications. 

1_Probably the most all-around useful 

booklet of all. It is a pocket-size catalog, arranged 
so that the recommended electrode or gas welding 
rod for any one of 28 classes of production welding 
can be found immediately. 

★ ★ ★ 


Ask your nearest Page distributor for copies of 
one or more of these informative pieces. Or, if 
you prefer, write direct to the Page factory at 
Monessen, Pennsylvania. 
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slag lived to see the day when covered 
electrodes and a.-c. welding were univer¬ 
sally accepted. Mr. Holslag was a great 
inventor and owned 200 patents in the 
welding field. He served cm many com¬ 
mittees of the Society and has written a 
number of important papers. He is also 
author of an Arc Welding Handbcxik now 
in its tenth edition. 

In addition to being a member of the 
American Welding SoaBTY, he was also 
a member of the American Institute of 
Electrical Engineers, the National Electric 
Manufacturers Association, the New Jer¬ 
sey Society of Professional Engineers, the 
Sciciety of Naval Architects and Marine 
Engineers, the New York Railroad Club 
and the New York Engineers' Club. 

He leaves a widow, Mrs. Elizabeth Hol¬ 
slag; a daughter. Mrs. William L. Moore 
of Darien, Conn.; a son. First Lieut. 
Joseph with the AAF, and a brother, Rus¬ 
sell Holslag of Brookl)m. 

In the death of Mr. Holslag the welding 
industry and the American Welding So¬ 
ciety have lost an outstanding friend 
whose genial good humor and fellowship 
endeared him to all. 


GENERAL ELECTRICS NEW RESEARCH 
LABORATORY 

A new building for the General Electric 
Co.’s Research Laboratory, which will 
afford some 50% more space than present 


guides provide, will be erected near here 
at a cost of $8,000,000, it was announced 
on May 31st by President Charles E. 
Wilson. Construction will begin as soon 
as WPB approval can be obtained. 

The site has been a private estate 
known as "The Knolls," and includes 219 
acres. It is in suburban Niskayuna, about 
4^/s miles from the main plant and offices 
in Schenectady. Overlooking the Mo¬ 
hawk River, it is on a rocky cliff which 
will afford an excellent and solid founda¬ 
tion for the laboratory buildings. The 
river at this point forms part of the New 
York State Barge Canal, and the Troy 
branch of the New York Central runs 
along the bank, so there will be ample 
water and rail transportation available. 
In addition, the river will afford a good 
supply of water for laboratory use. 

"The two buildings now occupied by the 
Laboratory were built in 1914 and 1922," 
said Dr. C. G. Suits, G-E Vice-President 
and Director of Research, "and while 
they were the last word in laboratory 
construction then, this is no longer true. 
For some time we have been cramped for 
space and this condition has been aggra¬ 
vated in the past few years when all our 
facilities have been devoted to war work. 
We have a very much expanded program 
for the postwar years, which will increase 
our staff from its present 540 to about 800. 

"We must look ahead even 15 or 20 
years beyond this, when still further ex¬ 
pansion may be required. We will prob¬ 
ably need to build smaller structures for 
special purposes, for example, a pilot plant 


for a new chemical process. All this re¬ 
quires not only a building that is imme¬ 
diately suitable, but one to which we can 
add and with ample grounds around it for 
the other buildings. 

"Lack of space adjacent to the Schenec¬ 
tady Works, as a result of wartime con¬ 
struction which utilized all prospective 
building sites, has forced a consideration 
of other locations. The one selected, in 
Xiskasmna, and the laboratmy building 
that we are planning will meet these needs 
ideally. Every new and modem feature 
will be incorporated and I feel confident 
that we will have one of the finest and 
most complete research institutions in the 
world.” 

The new building, in the general shape 
of the letter T, will vary from two to five 
stories in height and will include 200.0()0 
sq. ft. of laboratory working space in 
addition to an auditorium seating 300, a 
dining room, conference rooms, etc. One- 
third of the laboratory space will be 
devoted to service facilities, machine 
shops and specialty shops such as glass 
blowers, all in a convenient central loca¬ 
tion. 

Walls between rooms will be movable, 
capable of being placed at I8-in. intervals 
so that rooms may easily be made large or 
small as desired. Benches and all fur¬ 
nishings will be standardized so that they 
can easily be shifted from place to place as 
the need arises. The building will be air 
conditioned throughout. Wires and pipes 
carrying various kinds and voltages of 
electricity, compressed air, suction, illumi- 



. . . because they alone have all 
these features: 


T-slots in table tops for speedier set-up of all kinds 
of work. 

135-degree tilting range from horizontal. 

Four rugged supports for greater steadiness. 

TwoTimken bearings on spindle shafts, instead of 
bushings, for permanent alignment of table top. 


MACHINERY COMPANY 

INDUSTRIAl DIVISION 
DUNIllEN, NEW JERSEY 


Oth«r fftoturei oF >h« meit compleFs |{n« of Welding and AMembly Po»i>ionen 
—1001b. lodO.OOO Ib.copacity—or* covered In Bulletin No. 210. Write today. 
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synchronous Pr=clsi«" 

- "‘Heo* Control 

Electronic Heat 

b iitiu «f "* 


This A^w G-£ altefrottii h«af coittrol used M'lth a tmall b»nch wwld^r if an imporfant 
faefor i'a fit* Ugit producfiOA ratn aHainnd in fit* wniding of •/•cfronic fub* parft. 


N OW you can be certain that 
your low-capacity spot weld¬ 
ers will be precisely controlled, 
insuring better welding results. 
When connected to a suitable 
transformer, this control, used 
either on a bench welder or with 
welding tongs, makes an ideal 
combination for welding of all 
sorts of small parts. A good ex¬ 
ample of this is in the welding of 
tube parts where tungsten, femico, 
copper, tantalum, magnesium, and 
molybdenum arc constantly being 
welded with good results. 

SynchrtnMs Precisian Timing 

You know that accurate control 
of weld time is essential to the 
consistent welding of small parts, 
because the optimum weld time 
for high production and little 
distortion is less than ten cycles. 


In fact, it is often only 
one or two cycles. 

Synchronous preci¬ 
sion timing enables you 
to adjust the weld time 
in one-cycle steps from 
one to ten cycles. Also, 
with this type of timing 
you are assured that the preset 
timing will be exact (no deviations 
from weld to weld). 

Electranic Haof Cantral 

You also know that, in welding 
small parts, it is vital to have a 
means of adjusting the current to 
very close values, as relatively 
slight changes in welding current 
will result in either no welds, weak 
welds, or burned parts. Adjustable 
electronic heat control provides 
the necessary preciseness of current 
control for welding small parts- 
especially those metals and alloys 
which are difficult to weld con¬ 
sistently. 

Flaxibility af Oparatian 

This equipment is suitable for 
operation on either 230- or 460- 
volt, 60-cycle power supply. Be¬ 


cause the tubes have the same 
current rating on either voltage, 
the transformer that is used on a 
460-volt supply can be twice as 
large as that required on a 230-volt 
source this will approximately 
double the secondary or welding 
current. 

Haw This Cantral Can Halp Yoa 

If you’re doing small welding 
jobs, this control can undoubtedly 
help you speed up production by 
providing precise welding control, 
and thereby reducing rejects. Our 
local office will be glad to send 
you further information on the 
CR7503-A140A2 timer, or talk 
over the possibility of installing 
these controls on your assembly 
line. However, if you prefer, write 
directly to General Electric Co., 
Schenectady 5, N. Y. 


RESISTANCE-WELDING 


Bvy dll rii« BONDS you can— 
md kaap att you buy 


CONTROL 


GENERAL m ELECTRIC 
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natiiig gas, hydrogen, oxygen, etc., will 
interlace the building whence they can be 
brought into any room. 

The high elevation of the site above the 
river will afford many advantages, for 
example, in experiments with radar, high- 
frequency jet engines. The rocky cliff 
foundation will be useful in conducting 
experiments with X-rays. These are being 
produced at 100 million volts in the pres¬ 
ent laboratory, and further increases are 
expected. 


EYE PROTECTION 

To aid in furthenng the eye protection 
of industrial workmen, a new research 
program has been initiated at Battelle 
Institute, Columbus, Ohio, under the 
sponsorship of the American Society of 
Safety Engineers, Engineering Section of 
the National Safety Council. 

To involve a year of investigation, the 
program is intended to provide informa¬ 
tion that will be used by safety experts 
and eye-protector manufacturers to help 
in combating the some 75,000 dkabling 
eye injuries and several hundred thousand 
nondisabling injuries that occur annually 
in American industry. The investigation 
will apply particularly to the evaluation 
of the peidonnance requirements and 
specifications of satisfactory plastic eye 
protectors, which are now finding increas¬ 
ing use in industry. 

As explained by Clyde Williams, Bat¬ 
telle director, eye protectors—such as 


goggles and face shields—are the final 
means of eye protection for individual 
workmen. When correctly designed—and 
when worn—they protect the worker's 
eyes from flying chips of metal, spattering 
chemicals, sparks and other hazards of 
industry. If not of sufficient protective 
power, however, they give false security; 
and if uncomfortable or tiring to the eyes, 
workmen refuse to use them and, instead, 
“take their chances.” Taking chances in 
1943, according to reports of the National 
Safety Council, resulted in 75,000 eye 
injuries to workers, 5000 of which were 
permanent. 

During the war years there has been a 
rapid increase in the use of transparent 
pl^tic materials for the lenses of goggles, 
for the eye pieces of gas masks, and for 
eye and face shields. The quality of these 
protectors range from those in which con¬ 
sideration has been given to strength and 
optical properties to protectors untested 
in these respects. Recognizing that plas¬ 
tic eye protective devices are now in use 
and that their application in industry 
may expand, the National Safety Council 
wishes to establish performance require¬ 
ments and specifications for satisfactory 
plastic eye protectors. 

The research by Battelle will include 
both laboratory and statistical investiga¬ 
tions. A field survey of present experi¬ 
ence with various types of plastic eyepieces 
will be made to study the types of devices 
in use, nature of hazards, protection ex¬ 
perience, evidence of eye strain, accept¬ 
ance and use by workmen, and other 


evidences of advantages or disadvantages 
Proceeding concurrently will be physical 
and optical tests to determine adequacy of 
protection, design, light transmission, eye 
strain and fatigue and other factors 
The combined data will be used by eye- 
protector manufacturers in setting stand¬ 
ards for their products and in industry 
for the specification of desirable tsrpes of 
protectors. 

The National Safety Council is a non¬ 
profit organization supported by indus¬ 
trial, trade, association and individual 
membership. It promotes safety in every 
field of human endeavor by the gathering 
and distribution of information about ac¬ 
cidents and methods for their prevention. 

Battelle Institute, which will conduct 
the research, is an endowed nonprofit 
foundation for education and research in 
industrial science, including metallurgy 
chemistry, ceramics, fuels, mining, engi¬ 
neering physics, welding, graphic arts 
and production research. 


ANNOUNCEMENTS OF NEW A.S.T.M. 
OFnCERS 1944-45 

Nominations for officers of the American 
Society for Testing Materials, for 1944-45 
are announced. Official notice of election 
was given at the forty-eighth A.S.T.M. 
Annual Meeting, this year a business ses¬ 
sion in New York on June 27th. 

President {Term—1 year): J. R. Town¬ 
send, Materials Engineer, Bell Tele- 





DOES IT COST 
YOU TO HANDLE CYLINDERS? 

4 -- 


• Every pair of cylinders that "run-out** in your 
shop increases your overhead — because the time needed 
to get full cylinders ... to switch regulators ... and to 
make pressure and flame adjustments is not productive. 

You can eliminate all excessive cylinder 
handling costs with a RegO manifold... and get other 
advantages too! Write for full details now. 
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COMPANY 


SOUTHBRIDGE, MASSACHUSETTS 


Welders Work More 
Comfortably — More Efficiently 


AO SAFEIY 
CLOTHING 


These welders are ideally dressed for 
bench welding, cutting and burning dur¬ 
ing the hot months. Cut for free action out 
of high-grade chrome tanned leather, each 
of the garments provides ample protection 
for the exposed parts of the body without 
adding uncomfortable weight for un¬ 
needed coverage.Send for catalog showing 
complete line of AO 
Safety Clothing—pants, 
overalls, jackets, leg¬ 
gings, gloves, etc. Write 
your nearest AO Branch 
Office or direct. 

AO C^e Sleeve and Bib No. 
208B.CL: Complete proiec* 
lion for shoulders, arms and 
from of body. Detachable bib. 


AO Sleeves No. 209CL: Excel¬ 
lent protection for arms only. 


AO Short Jacket No. 203CL: 
Full proicaion for arms. neck, 
chest and shoulders. 
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phone Laboratories, Inc., New York 
14. N. Y. 

Vice-President {Term—2 years)'. T. A. 
Boyd, Head, Fuel Dept., Research 
Laboratories Div., General Motors 
Corp., Detroit 2, Mich. 

Member of Executive Committee {Term—2 
years): John R. Freeman, Jr., Tech¬ 
nical Manager, American Brass Co., 
Waterbury 88, Conn.; L. J. Mark- 
wardt. Assistant Director, U. S. For¬ 
est Products Laboratory, Madison 5, 
Wis.; Carlton H. Rose, Chemist, Na¬ 
tional Lead Co., Research Labora¬ 
tories, 105 York St., Brooklyn 1, 
N. Y.; L. P. Spalding, Chief Research 
Engineer, North American Aviation, 
Inc., Inglewood, Calif.; William A. 
Zinzow, Chief Physicist, Bakelite 
Corp., 230 Grove St., Bloomfield, N. J. 


BUYERS' GUIDE METAL INDUSTRIES 

Free distribution is now being made of 
the 1945 Edition of the Buyers’ Guide of 
the Metal Industries. Published by the 
American Society for Metals, 7301 Euclid 
Ave.. Cleveland 3, Ohio, this 108-page 
product directory features an extensive en¬ 
gineering data section. 

Charts and tables in this 43-page data 
section present a broad range of helpful in¬ 
formation, including trade names of tool 
steel and corrosion and heat-resisting al¬ 
loys; the compositions and properties of 
magnesium alloys; nomenclature of cop¬ 


per alloys; fluxes for welding and brazing; 
maebinability rating of various metals, 
with recommended cutting fluids for nor¬ 
mal machining operations; metal pow¬ 
ders—grades and data, and other informa¬ 
tion required in metals specifications and 
use. 

Some 6CK) products and their manufac¬ 
turers are shown in another section with a 
final division in the book devoted to an 
alphabetical listing of these manufacturers 
with their complete address. 

Copies of the Guide will be mailed free 
upon request of the American Society for 
Metals. 


SELECTING PROPER mXER METAL 

A new digest of pertinent facts about the 
complete line of Page electrodes and gas 
welding wires, written "from the buyers’ 
stand-point" is just off the press. Each of 
its 33 pages contains information which will 
help make it easier for buyers to select 
the proper electrode or gas welding rod 
for their particular work. 

Starting with the index, the booklet is 
designed to be of the greatest possible help 
ui the selection of the correct welding filler 
metal. This index is unusual because it is 
based on the type and class of material 
which is to be welded, thus making it 
easier to select the electrode or gas welding 
rod which is best suited for welding a par¬ 
ticular type of steel. Through the book, 
each page gives digested but useful data 
arranged for ease of reading and using. 


On these pages are such important facts as 
physical properties, analyses of the weld 
metal deposit, operating characteristics, 
recommended current ranges and other 
necessary information. 

Copies of this DH-821 Digest can be ob¬ 
tained by writing to Page Steel & Wire 
Division, American Chain & Cable Co., 
Inc., Monessen, Pa. 


WILSON DISTRIBUTOR 

Mr. T.'B. Hasler, President of Wilson 
Welder and Metals Co., Inc., announces 
that effective July 1st the Graybar Electric 
Co. has been appointed exclusive distrib¬ 
utor of the Wilson brand of electrodes in 
the area served by Graybar’s Cincinnati. 
Pittsburgh and Cleveland offices. 

Wilson electrodes include a complete 
line .for a.<. and.d.'C. -welding of ferrous 
and nonferrous metals and alloys. 


UNDE PLANT 

The Linde Air Products Co., a Unit of 
Union Carbide and Carbon Corp., has an¬ 
nounced the award of a contract to Robert 
E. McKee, Inc., of El Paso, Tex., for the 
construction of a distributing plant in 
Odessa, Tex., to supply this area with one 
of the Company’s main products, Linde 
oxygen. Construction will begin immedi¬ 
ately and it is expected that the plant will 
be completed by August I5th. Railroad 
service will be provided by a spur track 
from the Texas and Pacific Railway. 



TIME 

IS THE 

BIG Saving 

WITH 

NO-SPAT 

THE NON TOXIC 
WELDING FLUID 


Seves cleaning time by 
keeping adjoining sur¬ 
faces free of spatter. 
Maintains Welding 
Strength—Vs less 
fumes — No Mo¬ 
noxide — Inex¬ 
pensive—Ready 
to use — Saves 
Labor — Saves 
Money. 

FREE FOLDER 


The Midland Paint & Varnish Co. 

912$ Reno Avenue Cleveland, Ohio 


Besf for AC General Purpose 

DUCTONE AC 

(E6011 AND E6013) 

WELDING RODS 


Ductone AC electrodes are available 
again. This Is the famous welding red 
that was designed and manufactured 
especiolly for AC weldirtg. DUCTONE 
AC rods assure low cost of operotien. 



AC We£cCi/ng 


DUCTOH6 


Thty have a high deposition rate and 
are noted for their ease in striking and 
maintaining an arc. Small sizes are 
good for thin sheet metal. Excellent for 
vertical and overhead welding on DC 
positive polarity. Extruded in all sizes 
from 1/16" to 1/4". 


Territories Available 
tar Ohtrlbulart 


Chicago Steel and Wire Co. 
103rd St. and Terronce Ave. 


Chicago 17 , Illinois 
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from alloy castings, installed 
on the standard Federal press 
welder, and the problem was 
solved. The new method, producing 1,000 wheel blanks per 
hour, is shown below in pictures that tell their own story. 

Not a revolutionary idea, by any means, but it doubled pro¬ 
duction on the needcid item, and that is typical of resistance 
welding possibilities throughout the metal woHung industry. 
A Federal Press Type Welder such as the one illustrated, or 
related models in suitable capacities, might have similar appli< 
cation to, let us say •. • 

Instrument Assemblies • •. Gauge Cases • • • Electrical Fix> 
tore Parts • •. Lock Assemblies. •. Automotic Valve Components 
• •. Automatic Switch Parts ... Radio Chassis Components ... 
a wide variety of Hardware • . . Ventilator Grilles • • • Speed' 
ometer Casings . . • Ash Trays and other Novelties • • • Two 
Piece Ventilated Container Caps . . • Radio Tube Assemblies 

. Oil Cleaner Assemblies or what have YOU that might be 
profitably converted to resistance welding if the facts were 
known . . . 

faderaf Pracs Typo RmsktancB Wmkhn (you can spof 
wold on them, too) aredescribed fully in Federal Bulletin 
4520. Write for your ropy today. Remember, in resist- 
anre welding^ the name ofmrthodty is FEDERAL 




WELDER CO. 


206 Dono Street 
WARREN, OHIO 


VERSATILE MODERN 
PRODUCTION TOOLS 


WELDERS WITHOUT FRIORITES 

Announcement is made b^aies Mao- 
aeer ^ohn E. Ponkow, of The Federal 
Machine and Welder Company, that his 
company is now in a position to accept 
unrated orders for resistance welders. 
While priorities still are all that the 
name implies, and important war pro* 
duction still is the first obligation, book' 
ings are now being made and delivery 
dates assigned to a larj^e number of 
orders outside of the crmcal category, 
Mr. Ponkow said. Delivery schedules 
while far from normal, are improving 
steadily. 

‘TAKE THE WELDER TO THE JOB*' 

In a large sheet metal shop two men 
were assembling an angle iron frame¬ 
work which was to be the skeleton for a 
stainless steel kitchen sink and cabinet 
installation for a large hoteh 

*'Why don’t you spot weld some of 
that work?” asked a man standing with 
the shop foreman. 

"How the . .. can you horse a bunch 
of awkward stuff like this through a 
spot welder?” one of the workers re¬ 
torted. "And besides, all of our work is 
special, we don’t have enough of any 
one assembly for that sort of^work.” 

"You don’t have to take the job to the 
welder. I’ll show you how to take a spot 
welder to the job,” the visitor said, and 
proceeded to demonstrate the applica¬ 
tion of portable, gun-type spot welders 
to the job. He also proved tnat they did 
not need to have long production runs 
to make this type of automatic resistance 
welder profitable. The caller was a Fed¬ 
eral Welding Application Engineer, and 
those men now are using a Federal 
monorail suspended portable welder 
with a variety of special "guns” that 
speed up all kinds of sheet metal fabri¬ 
cation in which the shop specializes. 

AUTOMATIC STUD WEIDER 

Welding certain types of lugs and 
studs to small machine mounts on a pro¬ 
duction basis sometimes turns out to be 
a bit of a trick. One solution which has 
proved a time and money saver is auto¬ 
matic resistance welding. A Federal 
press-^pe projection welder with a 
special nature and automatic feed was 
set up for one motor company to pro¬ 
duce mounts complete with studs or 
threaded lugs (set-up interchangeable 
to meet production schedules) at the 
rate of oOO per hour. 

SPOT AND/OR PROJECTION WELBERS 

The difference between spot welding 
and projection welding, and informa¬ 
tion on how one Federal resistance 
welder can be used interchangeably for 
either method is included in a new 
bulletin on press-type welders just re¬ 
leased by The Fraeral Machine and 
Welder. This is one of the most versa¬ 
tile of all types of resistance welders. 
Title is "Federal Bulletin 4520.” 
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LETTER TO THE EDITOR 

National Reaeaich Council 
2101 Conatituiion Avenue 
Washington 25, D. C. 

July 2. 1945 

Dear Mr. $praragen: 

The compilation of the 8th edition of the 
N'ational Research Council directory, 
Industrial Research Laboratories in the 
United States, ia now under way. The 7th 
edition appeared in 1940 and contained in¬ 
formation concerning the industrial re¬ 
search laboratories of 2264 companies and 
their subsidiaries. With five years inter¬ 
vening between the editions, it is expected 
that there will be a number of changes and 
it is hoped that a number of new labora¬ 
tories will be added. 

Although effort was made in 1940 to 
reach as large a number of laboratories as 
possible, no doubt some in each field have 
been inadvertently omitted. It is im¬ 
portant that contact be made with these 
laboratories in compiling the forthcoming 
edition. 

The term "research” for the purpose of 
the directory is construed as including in¬ 
vestigations looking toward the improve¬ 
ment of products or the reduction of cost 
of manufacture as well as fundamental re¬ 
search and applied research. It does not 
apply to laboratories concerned only with 
commercial testing. 

An announcement that the newedition of 
the directory is now being compiled would 
most effectively reach the laboratories in 
the field of welding research through a 


statement in your journals. We hope that 
you will be willing to extend us this co¬ 
operation in an early issue. 

Research men should inquire of the 
directors of their laboratories whether 
questionnaires have been received, as 
those reporting in 1940 will have had their 
printed statements sent for revision. If 
no questionnaire has been received, one 
will be sent upon request to the Library, 
National Research Council. 

The directory is issued by the National 
Research Council with no expectation of 
profit. There is no charge for the inclu¬ 
sion of a statement regarding a laboratory 
in the publication and no obligation is in¬ 
curred in furnishing data. 

Very truly yours, 

Ross G. Harbison, Chairman 


IDEAS FOR MANUFACTURERS* 

The 400-page report on "Wartime Tech¬ 
nological Developments” submitted to Con¬ 
gress by the subcommittee on war mobili¬ 
zation, of which Senator Harley M. Kil¬ 
gore is chairman, ought to fire the imagi¬ 
nation of every manufacturer, and par¬ 
ticularly of the manufacturer who marked 
time in the last five years if he was not pro¬ 
ducing an essential. Open the report at 
random and the eye falls on item after item 
with rich possibilities. 

An aircraft plant distributes blueprints 
to the proper department in a way which 
has reduced blueprint production by about 

* From ftn Editorial in New York Times. 


40%. A new chemical has been developed 
which''ma]^es it possible to convert cotton 
fiber and some cotton by-products into 
high-grade paper. By nidrd-plating iron 
wires one company saves over 90% of the 
nickel formerly used in making incandes¬ 
cent lamps. Prefabricated steel-truss 
warehouses can withstand wind velocities 
and heavy snow loads far beyond require¬ 
ments. There are 1400 such ideas. Many 
can be applied immediately after the war; 
others will need more research and de¬ 
velopment. 

Behind this report are larger considera¬ 
tions. The countless ways in which elec¬ 
tronic devices can be used, the scores of 
methods of adapting plywood to any type 
of construction, the ingenious devices that 
have been invented to save material, time 
and labcxr are bound to have a profound 
total economic effect. Will workers be dis¬ 
placed? The report is optimistic on that 
score. An invention like the automobile, 
radio or air-conditioning creates satellite 
industries and thus increases employment. 
Very few of the conceptions presented be¬ 
long in this revolutionary class, but Sena¬ 
tor Kilgore is convinced that "an economy 
of expansion will stimulate constant im¬ 
provements in products and in production 
methods.” 

The main point to be driven home is the 
manufacturer’s need of a complete review 
of technological developments made in the 
last five or six years. The Kilgore report 
is not complete because much still remains 
a military secret, but its 1400 items are 
more than good enough to give a resource¬ 
ful business man ideas about reconversion. 


Carbide 

IN THE RED DRUM 

EFFICIENT 

ECONOMICAL 

DEPENDABLE 



National Carbi^' 


M K. 42Bd St. 


» FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 
National Carbide Corporation 


New York. N. Y. 
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WATER TANK 




This modern elevated 
tank of welded construc¬ 
tion and streamline de¬ 
sign provides gravity 
water pressure in the 
distribution system at 
Lockport, III. It holds 
200,000-gals, and is 60 ft. 
to bottom. The cylin¬ 
drical columns are sound 
structurally and easy to 
maintain. 


tx/sJxkjd ^bujcdsid (jJahUi Jonh 


CHICAGO BRIDGE & IRON COMPANY 


.S4U M«Corml«k Udg. 


(Mum 4.. 

.. .S3W—lU BttMdway Bldi. 

u. . GaUdhdl Bld«. 

.. AhnuHb 


Bimalncham 1.1907 North SOth Stroot 

TnlM S.1654 Huat Bldg. 

GroooTlIle.Yorit Stroot 

Henotoo 1.5631 CUnioo Driro 


WoohingtoB 4.70S Atlontio Bldg. 

PhilodoTphlo 5.1668-1700 Walnut Stroot 

Loo Angoloo 14.1471 Wnt. Fos Bltlg. 

Son Ftanatsoo 11. .1297^ Bottory Stroot Bldg. 


fabrieoting plants in CHICAGO, BIRMINGHAM, and GREBNVILLB, PA, 
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DESIGN FOR WELDING SPEEDS TANK Crank shafts, engine valves, fuel contain- 
PRODUCnON ers, bogey wheel rims, tank tr^ds, ma¬ 

chine ’ gun receivers and cannon mecha- 
A study of the manufacturing opera- nisms. - Even some of the ammunition is 
tioDS involved in the production of tanks resistance welded, the projectiles requiring 
discloses that the various resistance weld- the welding of a disk to the end of the pro- 
ing processes find application in important jectile by one of the resistance processes, 
tank parts, ranging in size from engine Typical of some of the heavy duty re- 
spark plugs to half-ton turret rings. Some sistance welding equipment required for 
of the other resistance welded parts are: the production of parts is the flash welder 



Heavy Duty Semiautomatic Flash Butt Welder, Especially Deriqned for Rash Butt 
Welding Heavy Army Tank Turret Rings 


illustrated, which was especially designed 
for flash butt welding heavy tank turret 
rings. This model is equipped with four 
sets of interchangeable welding dies fen* 
rings made of special high-carbon man¬ 
ganese alloy steel, ranging in size from 
69Vt to 8 OV 4 in outside diameter, and 
weighing from 700 to 1000 lb. Although 
the cross-sectional areas of these sizes 
range from 9Vi to l&*/i sq. in., the ma¬ 
chine has capacity for welding a maximum 
cross-sectional area of 18Vt sq. in. of this 
alloy. Much larger cross sections of mild 
steel could be welded on the same machine. 
This welder is equipped with a 1000-kva. 
nominal rated transfonner and has an 
available upsetting pressure of 378,000 
and 1,000,000 lb. clamping pressure, oper¬ 
ating from a 2000-lb. hydraulic pressure 
system. It has manual control and op¬ 
tional automatic control for flashing and 
upsetting operations. Normal production 
of tank turret rings is from 9 to 12 com¬ 
pletely welded per hour. Higher speetls 
would be possible for welding correspond¬ 
ing sections of mild steel. The design of 
the machine is such that it can readily be- 
adapted to the welding of many other 
products by suitable changes in die design. 

AMPCO ISSUES BULLETIN 

"Welded Assemblies Fabricated at 
Ampeo” is the title of a new bulletin just 
issued by Ampco Metal, Inc., Milwaukee, 
Wis. The bulletin describes the facilities 
of Ampco for producing assemblies made 
of bronze sheet, castings or extruded parts 



BRAZE RATHER THAN 


WONDERS NEVER CEASE! 

• 1 


Submit your drowingi. 
Consult our fnginoort. 



That's a fact... in a modern fabricating 
plant. Take the crane weldments shown 
obove ... 5100 tbs. of complicated sub- 
assemblies . . . each a fair engineering 
and welding project in itself. 

Work of this character features opera¬ 
tions at United, where 32 years of 
experience and the latest in equipment 
are joined to produce welded products 
and parts with precision, speed and 
economy. 


UNITED WELDING 

aiaeurewH. ohio 


WELD ALUMINUM 

The Kre-Co Aliuninum Brazing Process makes 
brazing possible at a temperature safely be¬ 
low the melting point of the parent metal. 
Makes a perfect ^nd even with thin gauge 
aluminum. Used with a 5% Silicon Rod. 
Bulletin A 2 contains valuable information 
you should have. 
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KNOWLEDGE OF 
ELECTRON BEHAVIOR 


COME TO MACHLETT 
FOR THE ANSWERS 


SLOWING 


LUBRICATING BEARINGS 
IN A VACUUM 


DEVELOPMENT OF 
MALLEABLE BERYLLIUM 


2,000,000-VOLT 
PRECISION X-RAY TUBE 


PRECISION ELECTRON 
CONTROL 


Machlett 


WHEELED VACUUM 



5 

story includes 

CASTING IN A 



VACUUM 


service 



PERFECTED OUTGASSING 







The obove fen Machleft techniques 
reflect only a part of one side of 
this organization — that of technical 
capability. 

It takes much more than even the 
highest techniques to make a business 
great. There is also required a 
thorough knowledge of customers' 
requirements, and that conscientious, 
painstaking, continuing meeting of 
them coiled "service." 

Just as there is the most intimate 
relationship between an electron tube 
and the equipment with which it is 
connected, so there is a close and 
constant contact with our customers. 


With them we are never in competi¬ 
tion, and thus we may be, and often 
are, called upon to do design and 
development work, to live with tube 
and equipment problems, and coop¬ 
erate in solving them. We often follow 
through all the way to the ultimote 
users, to make certain of their satisfac¬ 
tion and see that conditions of use 
are such as to assure optimum results 
and ecorwmy. It is a long-established 
Machlett practice not merely to accept 
but to seek out every opportunity to 
serve. Thus, Madtiett customers obtain 
much more than the best possible tubes. 

When you need a medical or indus¬ 


trial X-ray tube, or a radio or industrial 
oscillator, amplifier or rectifier, it will 
pay you to choose a Machlett. Write 
for information as to available types, 
identifying the associated equipment 
and nature of use. Machlett Labora¬ 
tories, Inc., Springdale, Connecticut. 



RAY TUBES SINCE 1897 


TODAY THEIR LARGEST MAKER 
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WILUAMS HONORED 


welded with Ampco-Trode aluminum 
bronze weldrod. Illustrations show the 
type of assemblies produced and indicate 
the versatility of the organization. 

The production of fabricated assemblies 
is a service to Ampco customers who need 
a reliable source for subassemblies. 


McLAUGHUN HEAD OF NEW TUBE 
TURNS DIVISION 

Carl B. McLaughlin will head up the 



Carl B. McLaughlin 


recently established Engineering Service 
Division of Tube Turns, Inc., Louisville, 
Ky., it is announced by John G. Seiler, the 
firm’s vice-president in charge of sales. 
The division is rapidly developing new ap¬ 
plications for Tul^-Tum welding fittings. 

McLaughlin formerly was associated 
with Tube Turns’ Pittsburgh office. A 
native of Jacksonville, III., he graduated 
from the University of Illinois in 1931 and 
was a metallurgist-engineer with the U. S. 
Steel Corp. before joining Tube Turns in 
1943. Mr. McLaughlin is a member of the 
Akbrican Wbldikg Socigty. 


AMPCO APPOINTS FOUR WELDROD 
DISTRIBUTORS 

Ampco Metal, Inc., Milwaukee 4, Wis., 
announces that four new distributors have 
been added to handle the sale of Ampco- 
Trode coated aluminum bronze weldrod. 

The Cameron & Barkley Co., with head¬ 
quarters office at Charleston, S. C., has 
been franchised for the State of Florida 
with branches in Orlando, Miami, Jack¬ 
sonville and Tampa. 

Mobile Welding Supply Co. at Mobile, 
Ala., will cover the N. W. tip of Florida, 
the South half of Alabama and several 
counties in S. E. Mississippi. 

Delta Oxygen Co., at Memphis, Tenn., 
will operate in parts of four states covering 
Western Tennessee and Kentucky, North¬ 
ern half of Mississippi and N. E. Arkansas. 


In tribute to his leadership in advancing 
industrial science, Clyde Williams, Di^- 
tor of Battelle Memorial Institute, Colum¬ 
bus, Ohio, was presented the degree of 
Doctor of Science at recent convocation 
ceremonies of the Case School of Applied 
Science, Cleveland, Ohio. 



Clyde Williams 


The degree was presented by Dr. 
William E. Wickenden, President of Case, 
who cited Mr, Williams’ accomplishments 
in research administration and in directing 


REXALOY OVERLAY ELECTRODES 

eCtHt&i AC on> DC 

Designed for "toughness” in resisting abrasion—there is a 
Rexaloy Electrode for every type of overlay requirement. 

X ★ 

For complete information, see your jobber or write to 

THE SIGHT FEED GENERATOR CO.. RICHMOND, IND. 
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NEW KH-2 
MOBILE UNIT 


* 


MAGNAFLUX 




finger 


99 


the 


welding flaws 


puts 


on 


Magnaflux indication of a 
shrinkage crack 





Welds, that look peziect to unaided visual 
inspection, often conceal a hidden crack 
or other dangerous discontinuity. If such 
flaws exist, Magnaflux will point them out. 
Magnaflux indications are positive, easily 
interpreted, inescapable. 

Magnaflux provides quality control fox 
welding shops and dther metal processing 
operations. In addition to thermal cracks, 
Magnaflux detects lack of penetration and 
fusion, slag inclusions and other defects 
that cause rejections. 

Because it is non^destructive, magnetic 
particle inspection makes it possible to 
inspect every weld at a speed which keeps 


pace with production. Shai>e, location and 
size of unseen flaws are spot-lighted in 
finely divided metallic particles. 

The new KH-2 Magnaflux unit, illustrated 
above with the XB-2A Powder Blower 
provides low-voltage, high-amperage out¬ 
puts—both AC and half-wave rectified 
current, for either AC or DC magnetiza¬ 
tion—and also demagnetization after in¬ 
spection. 

Build confidence in your weldments by 
thorough use of Magnaflux. Write today 
for additional information and free copy 
of “Routine Inspection and Salvage of Ma¬ 
chinery Weldments" by James W. Owens. 


*Maguanux, U. S. Paltnt O/jSc*, a trad* mark o/ fAt Magoailux Corpotadoa 

applimd to lt» aguipmaat aad matartaU for magnotic parttcla larpoctioa. 


M 
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A6NAFLUX CORPORAT 

592-2 Northwest Hlghwoy, Chicago 31, Illinois 
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the activities of the War Metallurgy Com¬ 
mittee of the National Aca'demy of Sci¬ 
ences and the National Research Council. 

Louisiana Welding Supply Co. at Baton 
Rouge, La., formerly operating as an asso¬ 
ciate distributor for Gulf Welding Equip¬ 
ment Co., New Orleans, takes over the 
South Central part of Louisiana. 


“OPERATION PLUTO": THE STORY OP 
THE CHANNEL PIPE LINE 

From Aug. 12, 1944, to May 8, 1945, 
about 120,000,000 gal. of gasoline reached 
the Anglo-American Armies in Europe via 
the pipe-line system laid under the Eng¬ 
lish Channel by British engineers in co¬ 
operation with the British Navy. One 
million gallon's daily still reach France by 
way of 20 undersea pipe lines. Sixteen of 



The 3 -Iil. HAIS Cable Passing Round the 
Cable Drum of the Liberty Ship "Latimer" 
During the Laying Operation. This Shows 
Flexibility of This Continuous-Built Pipe 


these run from Dungeness, on the south¬ 
east coast of England, to Boulogne and 
four from the Isle of Wight to Cherbourg, 
and are thence carried via high-pressure 
gasoline lines to the Rhine. This vast en¬ 
gineering feat was called "Operation 
Pluto," meaning "Pipe Line Under the 
Ocean," and guaranteed uninterrupted de¬ 
livery of bulk petroleum, usually needing a 
special harbor and dock and extensive stor¬ 
age facilities, across the beaches, making it 
invulnerable from air, surface or subma¬ 
rine attack, and completely independent 
of the weather. 

While the British Pluto project was 
under way, the United States Army was 
working on a similar idea. After discus¬ 
sions between the respective authorities, 
it was agreed that efforts should be con¬ 
centrated on Pluto, and United States 
authorities magnanimously cooperated 
fully in many directions. General Eisen¬ 
hower and his chief officers took an active 
interest in Pluto’s development, and a unit 
of the United States Army Engineers 
Corps, under the direction of Colonel A. K. 
Easton, New York, arranged for the manu¬ 
facture of 140 miles of HAIS cable by the 
General Cable Co.., Phelps Dodge Copper 
Ih’oducts Corp., the General Electric Co. 
and the Okonite Callender Cable Co. 
With the exception of the 140 miles of 
cable manufactured in the United States, 
the Channel pipe line was a purely British 
operation in plan and execution. 

It was Lord Louis'Mountbatten, then 
head of Combined' Operations, who in 
April 1942, asked Geoffrey Lloyd, British 
Minister of Petroleum Warfare, if an oil 



HAMEL Pipe Stored in Three-Quarter Mile 
Lengths Ready for Winding on the Conun- 
Dru^, the Huge Seagoing "Bobbins" 
Which Laid the Hpelines by Rolling it 
as They Were Towed Across the Channel. 
About 200 Miles of Pipe Can Be Seen in 
This Picture 

pipe line could be laid across the English 
Channel. The experts were doubtful, but 
A. C. Hartley, Chief Engineer of the 
Anglo-Iranian Oil Co., who had used 3-in. 
high-pressure pipe lines in Persia, sug¬ 
gested a pipe line something like a sub¬ 
marine electric power cable without cores 
and insulation, which could be laid across 
the Channel in a few hours from cable¬ 
laying ships. 

By working day and night over two 
week ends, technicians of the firm of Sie¬ 
mens and Henleys completed the full-scale 



For Greater Safety ★ Superior Welding 

USE G-E WELDING ACCESSORIES 


GENERAL ® ELECTRIC 


TREATED COVER GLASS 

(Coi. No. 98X349) Coated on both tidet with 
o touQh, trantporeni, moiitureproof compound this 
cover gloss helps to maintain clear vision and is 
highly resistant to weld-spatter. Efficiency of coaling 
gives this gloss many times the life of on untreated 
gloss. 

fLitt fr/ee tO.iO) 


FILLET-WELD GAGE 

(Cot, No. 92X512) A necessary tool for both 
operators and inspectors, this hondy fillet-weld 
gag^ provides a quick, accurate means of gaging 
fillets which hove a straight, concove, or convex 
contour of the following sires: *4 in., in., 
^ ji in., -if in., in. and 5 ^ in. 

(Litl Price S12S) 


VENTILATED HELMET 


(Cot. No. 87X578) Equip¬ 
ped with o crown sheet for 
skull protection, this helmet 
feotures screened ventilators 
which provide cool comfort 
and prevent fogging of the 
gloss. Included also are eye- 
protective lens, lens gasket, 
cleor cover gloss, adjustable 
chin rest, head gear, snap-on 
sweotbond. 

(LM Arice S6.S0) 


0-E GLYPTAL* 

No. 1294—Weld-spotter Pre¬ 
ventive Coating. A single cooling of 
No. 1294 prevents adhesion of weld- 
spotter for either singlepass Or 
multiposs welds. Especiolly suitoble 
when fabricating stainless or special 
alloy steels. 

(List Pric* per gal. V.tO) 
*Trode-<nark Aeg. U.S. Pal. Off. 


OTHER G-E WELDING 
ACCESSORIES 

Gloves • Lenses 
Goggles a Slag brushes 
Coble connectors 
Electrode holders 
Leather clothing 

General Seetric Compony 
Schenectady 5, N. Y. 
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"Fluid and Flexible”.. 

THAT, ZHUKOV, is also the battle cry of manufacturers 
using Arc Welding to win business victories. 


WHEN THE SALES DEPT. SAYS: 

“We’ve got to trim the cost of our product or get trimmed in the field.” 

THEN THE SHOP DEPT. SHOULD REPLY: 

“O.K., let’s go after parts such as this 95^1 cab support— 


Cut a-plate and bend into a channel so 


' Cut a bate plate to .,. . 



Cut 3 bracet %o\ .. 


Ute o ttud to . . . 


^^Attemble the partt in a jig and weld 


Total cott of welded tteel tupport, 52^ . . 


SAVING 43i •ach.” 


I 




« 


* The Lincoln Engineer nearby will gladly help you develop your strategy 

along the fluid and flexible lines of welded design. Studies in Machine 
Design free on request. Ask for them on your business letterhead. 

THE LINCOLN ELECTRIC COMPANY • Dopt. P-1, Clovoland 1, Ohio 
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order for several hundred of yards of this 
pipe line to be laid in the Thames from a 
cable ship loaned by the British Post 
Office. The results were so successful that 
Prime Minister Churchill gave the scheme 
his blessing and two 30*mile lengths of 
cable were ordered to the original 2-m. 
diameter, so that full-scale trials could be 
held in Bristol Channel, where the currents 
and other conditions approximated most 
closely those found in the English 
Channel. Subsequently, the cable diam¬ 
eters were increased to 3 in. and strength¬ 
ened for working pressures in excess of 
1200 psi. Bight months after Hartley’s 
idea originated, when half a gale was blow¬ 
ing Bristol Channel, the experimental cable 
was laid by H.M.S. Holdfast, originally a 
coaster which had been fitted with gear for 
transporting this unusually heavy cable, 
and gasoline was delivered from Swansea 
to Ilfracombe. The fact that the cable 
was hollow increased the difficulties, since 
it was liable to kink and so stop the oil 
flow. The cables were therefore laid full 
of water, which kept them inflated. This 
pipeline was called the HAIS (Hartley- 
Anglo-Iranian-Siemens). 

Meanwhile another pipe line was in¬ 
vented by B. J. Ellis, Chief Oilfields Engi¬ 
neer of the Burma Oil Co., and H. A. Ham- 
mick. Chief Engineer of the Iraq Petro¬ 
leum Co. This second pipe line named 
"Hamel,” was composed of 20-ft. lengths 
of 3-in. diameter steel pipe which could be 
welded automatically into any length and 
could be wound on to a drum like thread 
on a spool, if the drum were 30 or more ft. 



Drums for Carrying the Steel Pipe Were &own as "Conuns" (HJd.S. Conundrums). 
This "Conun" Is Being Wound wiUi One Continuous Len^ of Hamel Pipe. Later It Was 
Towed Across the Channel by the Royal Navy Laying the Pipe as it Went 


in diameter. To use this, the Admiralty’s capable of carrying many miles of the 3-in. 

Director of Naval Construction designed Hamel pipe and paying it into the sea. 

H.M.S. Persephone, converted from a hop- Prom this a second idea was developed—a 

per barge to a craft with a great wheel floating drum capable of carrying the full 

rotating in trunnions on her deck and length of pipe which might be required for 
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SMALL WORLD 

One of the most essential of fhe services Foote 
renders to industry is the grinding of metals, ores 
and minerals. Raw materials from the remotest corners \ 
of the globe come to Foote for processing. The particle 
sizes in which Foote delivers them can often only be 
appreciated with the aid of a strong lens. From the big 
world of resources we make the small world of useful parficfes. 




Photomicrograph of 48/130 mcah Ca^gron 
(Foote Calcium f'-arbonaa^ 
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the Channel crossing, and which could be 
towed by tugs like a large bobbin paying 
off the pipe as it went. 

Within a few months, a special factcn'y 
at Tilbury, in the Thames Estuary, was 
equipped for welding 20-ft. lengths of the 
Ikmel pipe 4000-ft. lengths at a rate of 10 
miles daily, with facilities for storing the 
lengths to a total of 350 miles a day. 
Shortly afterwards a duplicate factory was 
established in case the first should be 
bombed. 

The floating drums, called H.M.S. Co¬ 
nundrums (or "Conuns” for short) were 
moored in deep water at the end of the 
pipe-racks, so that the 4000-ft. lengths 
might be welded into a continuous length 
of 80 or more miles, and wound on to the 
Conuns while they rotated. A Conun is 
90 ft. long, oyer 50 ft. in diameter overall, 
and when fully wound weighs 1600 tons— 
the weight of a destroyer. It can carry 70 
miles of pipe line. The drum around 
which the pipe is wound is 40 ft. in diam¬ 
eter and 60 ft. long. 

After the successful trials of the HAIS 
cable in April 1943, Geoffrey Lloyd ar¬ 
ranged that the manufacture of HAIS 
cable and Hamel pipe, and the coordina¬ 
tion of the whole scheme, together with 
provision of pumping stations on the Eng¬ 
lish shore, should be the responsibility of 
Britain’s Petroleum Warfare Department. 
The work then developed in conjunction 
with the Admiralty Department of Miscel¬ 
laneous Weapons Development, while the 
Royal Navy accepted the responsibility of 
laying the pipes at sea. Thus Force Pluto 
was formed under Captain J. F. Hutchings 
of the Royal Navy,,composed of ships of 
all sizes from 10,000 tonners down to 
barges and motorboats manned by British 
Merchant Navy seamen. The Force was 
placed under the command of Admiral Sir 
Bertram Ramsey, Allied Naval Com¬ 
mander. 

Force Pluto’s main base was Southamp¬ 
ton, England, with a secondary base at 
Tilbury. The Force numbered 100 British 
Merchant Navy officers and 1000 men. In 
addition to H.M.S. Holdfast, three mer¬ 
chantmen were fitted with the cable-laying 
machinery. Two could carry 100 miles 
and one, 30 miles of HAIS cable. Thames 
barges were converted for handling the 
cable at the shore ends, where large ships 
could not oper'ate. Six Conuns handled 
the Hamel pipe. New pipe lines were run 
from the British system to take the gaso¬ 
line to the coast, and special high-pressure 
pumping stations were cleverly camou¬ 
flaged. One of these was in a row of 
blitzed houses at Sandown, on the Isle of 
Wight; another was in an old fort built in 
the 1860's against possible invasion by 
Napoleon III; and others were in a mod¬ 
ern amusement park and in seaside villas 
at Dungeness. 


"Operation Pluto” began as soon as the 
mines had been swept to the approaches 
to the tip of Cherbourg Peninsula. The 
lines running from the Isle of Wight to 
Cherbourg took 10 hours to lay and con¬ 
veyed gasoline to the United States 
armies. The lines established as soon as 
Boulogne was captured, from Dungeness 
to Boulogne, too 5 hours to lay and trans¬ 
ported gasoline to the British 21st Army 
Group. Men of the Royal Army Service 
Corps pumped oil to cleverly concealed 
pumping stations on the French coast, fre¬ 
quently in rough weather, having to wade 
up to their necks to bring in the end of the 
line from the ships. An R.A.S.C. petro¬ 
leum unit also maintains direct contact 
with the Trench terminals by cross-Chan¬ 
nel wireless telephone, thereby instantly 
detecting and reporting variations in the 
quantities delivered. • 

Paying tribute to thb British engineer¬ 
ing feat. Prime Minister Churchill said: 
"A large part of the Allied Expeditionary 
Force has been supplied with petrol by this 
unique method, which provides for petro¬ 
leum the same kind of facilities upon a 
hostile shore that the Mulberry (prdabri- 
cated) harbors provided for general mili¬ 
tary stores. Operation Pluto is a wholly 
British achievement and a feat of am¬ 
phibious engineering skill of which we may 
well be proud.” 

General Dwight D. Eisenhower ex¬ 
pressed his "warm appreciation of the 
work the Pluto pipe lines have done insup- 
pl 3 dng United States as well as British 
forces in their drive into Germany.” 


WELDING WIRE DOWN FROM PEAK 
OUTPUT* 

Estimated production of steel welding 
wire declined to 932,400,000 lb. in 1944, 
a drop of 20% from the 1943 record out¬ 
put of 1,166,400,000 lb. 

The lower volume of shipbuilding last 
year mainly accounted tor the drop in 
welding wire output. Despite the decline, 
however, the 1944 production is the second 
highest for this wire and is nearly four 
times the 1940 output. 

Over 13 lb. of welding wire were made 
last year for each ton of finished steel pro¬ 
duced. This ratio is also the second high¬ 
est, being exceeded only by the 1943 ratio of 
over 17 lb. of wire per ton of finished steel. 

The output of steel welding wire in¬ 
creased rapidly before the war and rose 
even more rapidly during the war period. 
From 1932 to 1940 the output rose an aver¬ 
age of 30,000,000 lb. per year. Since then, 
the average increase has been 173,000,000 
lb. annually—six times the prewar rate of 
growth. 

* Reprinted from June 19t5 issue of “Steel 
Facts.” 


WELDED SMOKESTACKS 

Arc-welded smokestacks, replacing those 
of conventional design tower over Oiis in¬ 
dustrial scene and signify the importance 
of the electric arc process in steel mill 
maintenance. 



CourUsy The Lincoln Electric Co., CUveland, Ohio, 
anil Republic Steel Corp. 


THREE SPECIAL WELDING COURSES 
BEING CONDUCTED AT LINCOLN ELEC¬ 
TRIC 

Three new, specialized courses in arc 
weldmg are announced by the Lincoln 
Electric Co., Cleveland, Ohio, which are 
designed to increase the student’s knowl¬ 
edge of the shielded arc process as applied 
to specific metals and structures. 

The courses consists of one two-week 
training period to instruct enrollees in the 
technique of arc welding the common steel 
alloys and nonferrous metals. A second 
course of one week’s duration is devoted to 
instruction in welding sheet metal in 
thicknesses of from 12 to 20 gage. A third 
two-week course is intended to train 
students in the welding of pipe in diameters 
of from 2 to 10 in. 

Those now enrolled in these post¬ 
graduate courses of instruction and who 
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WHERE WELDS MUST BE RIGHT- 
INDUSTRY DEPENDS ON 6.E. X-RAY 


Where weldment strength ... as great as me* 
ohanical skill can accomplish ... is an absolute 
requisite. G-E X-Ray inspection insures that 
strength. 

T^sed for the inspection of welded penstocks. 
G-E X-Ray Industrial Units have figured prom¬ 
inently in the construction of most of the 
nation's great dams. 

Leading fabricators of welded tanks for storing 
volatile liquids and gases, and liquids of low 
volatility utilize G-E X-Ray Units —radiograph¬ 
ically check every inch of welded seam to 
determine fitness. 

Repair welding is saving many concerns incalcu¬ 
lable sums annually . . . and they rely on G-E 
X-Ray for positive proof of a job done right. 

And countless plants are finding G-E X-Ray an 
invaluable aid in qualifying welders, checking 
critically stressed locations of welded structural 
units, determining experimental weld quality, 
and establishing correct welding procedure. 

G-E X-Ray industrial engineers are anxious 
to help you realize the benefits x-ray offers 
your industry. Write or wire today; to Depart¬ 
ment N88. 


GENERAL @ ELECTRIC 
X-RAY CORPORATION 


I7S W. iACKION IkVO. 


CHICAOO 4. III., U. S. A. 
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“Pop" Trahan has been welding 
since 1926. He worked three 
years as railroad boiler maker. 
For ten years he has been build¬ 
ing ships for Levingston Ship¬ 
yards, Texas. "Pop" knows the 
electric welding game from 
A to Z. 


THERMACOTECO. 

NEWARK CHICAGO 

PORTLAND LOS ANGELES 


are already skilled ia the welding of mild 
steel, represent a wide variety of industries 
throughout the country. 

The courses are under the supervision 
and direction of Arthur Madson, veteran 
Lincoln instructor at the company's plant, 
where a school for the training of men and 
women in the art of arc welding has been 
conducted uninterruptedly for nearly 30 
years. Being the oldest school of its kind 
in continuous existence, it has trained over 
25,000 people in this rapidly growing 
profession. 


WELDING LIBRARY 

To assemble in one place all the im¬ 
portant Uteratme on welding—this is the 
objective of the A. F. Davis Welding 
Library at the Ohio State University, in 
Columbus. 

Established in 1942, the Library already 
includes one of the most extensive collec¬ 
tions on welding in the world. On its 
shelves are more than 1000 books, includ¬ 
ing volumes on metallurgy, designing for 
welded construction, welding techniques 
and procediues, properties of weld metals, 
standard welding handbooks, welding 
magazines, the original award studies of 
The James F. Lincoln Arc Welding Foun¬ 
dation, patents relating to welding and 
many other subjects. 

The Library is named for its donor, A. F. 
Davis, vice-president and secretary of the 
Lincoln Electric Co.. Cleveland, Ohio. 
Mr. Davis has spent over 30 years in the 
welding industry. During this time he has 
seen welding processes develop from little 
more than laboratory experiments into a 
large industry. 

Appropriately, the A. F. Davis Welding 
Library is located at the Ohio State Uni¬ 
versity, the only university offering a 4- 
year course in Welding Engineering. 
Here it will be of inestimable value to both 
undergraduates and graduate students pre¬ 
paring for careers in this field. 

The facilities of the Library are also 
offered to industrial designers, engineers, 
technicians and others interested in re¬ 
search or information on the various forms 
of welding and their application to design, 
construction, manufacture or maintenance 
of metal products and structures. 

Welding has developed so rapidly and it 
is now so widely used in industry that all 
possible knowledge of its application to 
design and construction is vital to its most 
efficient utilization. Just as welding has 
made notable contributions to the na¬ 
tion’s war effort, so also it may be expected 
to find increasing usefulness in the years 
ahead. Study and investigation will help 
extend its benefits. 

The A. F. Davis Welding Library in¬ 
vites the assistance of the industry in ex¬ 
tending its collection. 

In accordance with the donor’s wish 
that the Library contain every important 
book, manuscript, article or document re¬ 
lating to welding, engineers doing original 
research are invited to send their papers to 
the Library for permanent filing and for 
use by industry in future years. 

Copies of over 10,000 patents concern¬ 
ing welding equipment and the patented 
applications ofwelding toproducts or struc¬ 
tures are now on file, offering one of the 
most extensive-reference collections avail¬ 
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able in the Middle West from which patent 
researchers may obtain information. It is 
desired to make this collection of patents 
the most complete one in the world. To 
accomplish this end, friends of the Library 
sue urged to send to the Librarian the pat 
ent number of any patents pertaining to 
welding, welded equipment, welded ma¬ 
chine design, welded structural design or 
any welding application. 

All such patents suggested will be 
checked against present holdings and if 
not now included will be obtained. 

Visitors to the Library are welcomed, 
and communications about its work are in¬ 
vited. Inquiries may be directed to the 
Davis Welding Library, The Ohio State 
University, Columbus 10, Ohio. 


NEW AIRCO ELECTRODE CATALOG 

Air Reduction, leading manufacturer of 
welding equipment and supplies, is now 
distributing a new electrode catalog which 
is said to be one of the most complete 
and elaborate books of its kind ever issued. 

Beginning with a full color page show¬ 
ing color markings of various electrodes 
cataloged, the 56-page book contains a 
combined electrode selector chart and 
index, illustrated sections on Mechanical 
Properties and Testing and on Approvals. 

The entire line of Airco Electrodes for 
welding mild steel, alloy steels, stainless 
steels, galvanized sheet steel, aluminum 
and other nonferrous metals and for hard- 
facing is covered with complete descrip¬ 
tions and details of applications, welding 
procedure, mechanical properties, chemi¬ 
cal analyses and specifications. Various 
types of fillet welds made with many of 
the electrodes cataloged are also illus¬ 
trated and a reference section at the back 
of the book offers information on such 
subjects as "Plate Edge Preparation,’' 
"Estimating Electrode Requirements," 
"Welding Symbols,” "Hardness Conver¬ 
sion Table” and "Glossary of Welding 
Terms.” 

The book is attractively printed in 
two colors with full-color cover and the 
entire arrangement is calculated to make 
it easy to use. 

Copies may be obtained from Air Re¬ 
duction, 60 E. 42nd St., New York 17, 
N. y., or from any Airco office. 


POSTWAR PRODUCTION 

In line with its postwar production 
plans, the Eutectic Welding Alloys Co., 
has recently issued a 4-page foldtf entitled 
"Production Ideas.” This attractive 
folder gives a complete discussion of 
Eutectic’s plans in the postwar period as 
well as a discussion of the application of its 
special alloys in various production fields. 

Many photographs and technical dia¬ 
grams ^ustrate the jobs that will be done 
in the postwar period. There is also a list¬ 
ing of the 47 Eutectic Welding Alloys and 
how they can be applied in the various 
fields of production. 

A copy of this attractive 4-page folder 
may be secured by writing to Department 
A-3, Eutectic Welding Alloys Co., 40 
Worth St. New York 13. N.Y. Please ask 
for the bulletin EW-20—Production Ideas. 
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POST-WAR 
FLASH WELDER 


These new standard PROGRESSIVE flash welders are not "im¬ 
proved models". They are designed to surpass anything previously built 
in the way of flexibility, ease of operation, reliability, simplicity of con¬ 
trol and ease of maintenance. 


We will be glad to send you prelimi¬ 
nary bulletin 420Z giving further details. 
Please state maximum size of work and 
materials being welded or to be welded. 


IT 


42 ^ 


TO WELD 


HOfiBCSSIV^V hljEh. C(j 

III I J |f RESISTANCE 


Here are a few of their features which' spell lower over-all produc¬ 
tion costs for you: 

# Completely self-contained—no accessories needed 

D Inclined or flat top (optional)—easy loading — faster output 

# .Heavy platen designed for interchangeable fixtures 

# Simple controls—fewer adjustments — cuts set-up time 

# Hydraulic operation — no mechanical linkages to adjust 

D Standardized enclosed operating units—"unit-removable" for 
service 

# Standardized dies — quick replaceable 

# Rigid one piece steel frame 
Slide rail platen — bearings outside of flash zone. 


3050 E. OUTER DRIVE • DETROIT 12 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


ELECTRODE FOR HIGH-TEMPERATURE 
CORROSION.RESISTANCE WORK 

Chromend 9-M, an alloy electrode giving 
8 to 10% chrome and 1.5% moly weld 
deposit, has been developed by Arcos 
Corp. to meet the need for an electrode 
that wiU give greater strength and greater 
corrosion resistance combined with high 
creep resistance for high-temperature 
corrosion-resistance work. 

Chromend 9-M bridges the gap between 
Chromend 5-M, a 4-6% Chrome-Molyb¬ 
denum electrode and Chromefid 12, a 12% 
Chrome-Molybdenum Electrode. 

Detailed information and samples will 
be supplied upon request to Arcos Corp., 
1515 Locust St., Philadelphia 2, Pa. 


SEAM WELDER FOR WELDING TWO 
OR MORE SEAMS SIMULTANEOUSLY 

Duplex seam welders, designed for si¬ 
multaneous seam welding of two or more 
parallel seams on one surface, have been 
announced by Progressive Welder Co., 
3050 E. Outer Drive, Detroit 12, Mich. 
Originally engineered and produced by 
Progressive for lower cost, rapid fabrica¬ 
tion of sheet steel ammunition boxes for 
the Ordnance Department, these new re¬ 
sistance welding machmes offer definite 
economies for many similar types of fabri¬ 
cating operations. 

The machines, available in a wide range 
of capacities and sizes, are air operated 
and fully automatic. A duplex head on 
the machine accommodates either two or 
four welding wheels. On the model shown 
in the accompanying photograph, two 
seam-welding wheels are provided on each 



of the two welding heads. The outer 
wheels are of larger diameter to provide 
clearance for the inner wheels while the 
outside wheels are used for welding. All 
wheels are free rotating. They are driven 
by contact with the moving work under 
welding pressure. 

The work itself is carried on a work 
table mounted on horizontal slide rails. 
The top of the work-holding fixture is 
formed by a flat copper plate which pro¬ 
vides the lower path for the welding cur¬ 
rent between the welding wheels. Thus, 
the platen top becomes the lower electrode 
for both wheels. Welding wheels, lower 
electrode, welding transformer, etc., are 
all water cooled. A deep coolant trough 
is integral with the moving work table. 

“Progressive” Duplex §eam Welders are 
available with transformer capacities up 
to 500 kva. to meet users' requirements; 
a wide range of work table sizes and 
travels; and many combinations of weld¬ 
ing wheel diameters and spacings. Con¬ 
ventional timing and sequence controls are 
used. Stroke of the head is adjustable. 
On the model shown in the accompanying 
photograph, maximum stroke of the head 
is 7 in.; maximum clearance from work 
table to welding wheels is 16 in.; and 
maximum table travel is 25 in. Over-all 
height of the machine is 87 in.; and it re¬ 
quires a 90-in. by 51-in. floor space. 


CLAMPS 

Grand Specialties Co., Grand Ave. at 
Troy, Chicago 22, Ill., announces a new 
line of Extra Deep Throat Speed Clamps. 
In addition to the extra deep throats, for 
which there have been many requests, this 
new type of “C” clamp, known as the 
Grand ASL Extra Deep Throat Speed 
Clamp, incorporates “quick-action” fea¬ 
tures. It is claimed that the clamp can be 
positioned instantly by simply pushing 
down on the ratchet screw (eliminating 
waste time and motion required to run 
down the conventional t)rpe of clamp 
screw) and tightening with a turn of the 
loose-proof handle. The clamp is said to 
release instantly by merely loosening the 
handle and pushing with thumb or finger 
on trigger release pawl which frees the 
ratchet screw so that the clamp is ready 
immediately for application to work of 
any other size or thickness. 

This new line of clamps includes three 
sizes and the manufacturer draws partic¬ 
ular attention to the extra deep throats in 
relation to maximum opening sizes, as fol¬ 
lows: 4V4-in. opening—4V4-in. throat; 

6V4*in. opening—4*/«-in. throat; 8*/4-in. 
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opening—6-in. throat. Claimed capacity 
of each size is 3500 lb. 


"NON-SPATrER” WELDING FILM 

A liquid designed to minimize the ad¬ 
herence of welding spatter to metal and 
reduce cleaning time has been intro¬ 
duced by The Lincoln Electric Co., Cleve¬ 
land, Ohio. 

This new product which is priced at 
only a few cents a quart is known as Lin¬ 
coln "Non-Spatter” Film. The liquid 
- has been thoroughly tested in the field 
and found to possess the following char¬ 
acteristics: 

Welding can proceed after application, 
whether the film is still wet or dry. 

Film can be sprayed or painted on 
work. 

Priming coats of paint may be readily 
applied over the film. 

If it is desired to remove the film before 
painting, this can be readily accom¬ 
plished by washing with water. 

One application of film is effective for 
multiple-pass welding. 

If film is sprayed or painted on parts 
prior to being normalized, the oxide 
film and ordinary scale can be re¬ 
moved more easily after heat treating. 

Material will freeze but freezing has no 
effect on its properties when thawed 
out. 

Lincoln "Non-Spatter” Film is sup¬ 
plied in concentrated form in 5-gal. cans 



'NON-SPAtm. 
FUM” ^ 
NOT US£0>! 
HERE 


Welded Truck Wheel Showing Absence of 
Spatter on Areas Treated with Lincoln 
"Non-Spatter” Film 
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Carbon*are welding on Evtrdur tterilizer ilwll at 
American Sterilizer Company. 

In these days of shortages and fabricating innovations, 

Aiiacpnda Welding Rods are proving useful in solving pro¬ 
duction problems, as well as in repair and salvage welding. 

A typical example is the production welding job illustrated. 

For their sterilizer shells, American Sterilizer Company, 

Erie, Pennsylvania, formerly used Anaconda cold drawn, 
seamless, red b^ass shells. Production of large diameter tubes 
and shells was accelerated to the point where delivery for 
important hospital equipment could not equal requirements. 

The American Sterilizer Company are now making shells of 
welded Everdur* sheet. Anaconda Welding Rods of the same 
composition are used, and the seams are carbon-arc welded. 

For welding copper and nickel or their alloys, steel, mal¬ 
leable and cast iron, there is a suitable Anaconda Welding 
Rod. For detailed information on these rods, together with 
practical suggestions relating to their use, write for Publica¬ 
tion B-13, "Anaconda Welding Rods." 

aR*s. V. S.Pat. Off. 



THE AMERICAN BRASS COMPANY 

General Offices: Waterbury 88, Connecticut 
Subsidiary oj Anaconda Copper Mining Company 
Jm Canada: ANACONDA AMERICAN BRASS LTD., Ntw Toronto, Onl. 


KEEP FAITH WITH YOUR FIGHTERS 
AND YOURSfLFi BUY WAR BONOS 
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for the convenience of the user. By dilut¬ 
ing the concentrated material with three 
parts of water, 20 gal. of film fluid is ob¬ 
tained. 

Either brush or air gun can be used to 
apply the film to the areas adjacent to the 
point to be \^lded and to welding jigs that 
may be subjected to spatter. After weld¬ 
ing, the spatter can be easily removed by 
wiping or brushing, thus reducing clean¬ 
ing time to a minimum. 


DUAL HEAD, CIRCULAR DIAL FEED 
PRESS TYPE WELDERS 

According to the manufacturers, the 
last word in high-production welding 
equipment is embodied in the machine 
illustrated. 



By a unique arrangement of the second¬ 
ary circuit, this machine welds two as¬ 
semblies simultaneously with precisely the 
same amount of current as would be re¬ 


quired to weld only one assembly and with 
even less power demand. 

Reference to the illustration shows that 
indexing of the dial is obtained by use of a 
Geneva motion, motor driven through a 
suitable gear arrangement. Correct se¬ 
quence operation of the welding head is in¬ 
sured by a drum switch of the adjustable 
fan cam type which only permits welding 
during-the locked intervals of the Geneva. 

Two welds are made in series simul¬ 
taneously and this basic feature of Taylor- 
Winfield Dial Feed Welders results in 
several outstanding advantages. 

A single air cylinder is connected to two 
heads through an antifriction bearing 
equipped equalizer bar which insures iden¬ 
tical pressures on the two welding dies. 
The heads are of the square quill type 
mounted side by side in common slide. 
The dies of the two heads are connected to 
the two pads of the transformer secondary 
by flexible copper bands. As a restUt, the 
inductive loop of the secondary is reduced 
to a minimum and maximum electrical 
power factor and efficiency are obtained. 
Note that troublesome sliding secondary 
contacts have been completely eliminated. 
Taylor-Winfield Corp., Warren, Ohio. 


BRAZING CARBIDE TIPS TO TOOL 
SHANKS 

Newcomer Products, 155 Gerard St., 
Latrobe, Pa., has developed a new method 
of brazing cemented carbide tips to toql 
shanks which the manufacturer claims will 
prevent the cracking of the carbide tip, 
and at the same time permit heavier cuts 
and longer tool life. This new method, 
developed after considerable research by 
William Newcomer, a pioneer in the car¬ 
bide field, can be satisfactorily applied re¬ 
gardless of the make or grade of carbide. 

Carbides, being extremely hard, are low 
in tensile strength. Therefore, it became 
necessary to develop a method of brazing 
the tips to tool sh^ks which would not 
leave the tip under a brazing strain. This 
inherent strain is caused by the steel (m- 
cast iron) shank contracting approxi¬ 
mately twice as much as the carbide after 
the brazing material has frozen. As a re¬ 
sult, the strain thus created manifests it¬ 
self in the forms of cracks developing near 
and parallel to the braze during grinding 
or as cracks through the length or width of 



the tip when subject to the strain and ther¬ 
mal shock of normal cutting. 

These properly brazed tools are now be¬ 
ing used by large shell manufacturers who 
are getting 3 to 10 regrinds per tool where 
formerly as much as 60% of their previous 
carbide tools broke on the first grind. 

The upper half of the accompanying 
illustration shows a cracked carbide tip in 
a finishing tool for S-in. M-106 shell, mag¬ 
nified to emphasize defect, which occurred 
on first run. The lower half of illustration 
shows a properly brazed Newcomer tool 
which, according to experience, permits 3 
to 10 regrinds depending upon treatment. 

Newcomer Products is prepared to fur¬ 
nish carbide tipped tools in a “milled and 
brazed” state, or the firm will braze tips 
and -shanks supplied by the customer. 
Complete details will be furnished by the 
manufacturer on request. 


ACCURATE TEMPERATURE SIGNALING 
FOR BLACK HEAT RANGES 

Critical temperatures of many metals 
often occur ifi the black heat range where 
even a rough approximation of exact 
temperature is difficult to make. Carbon 
or carbon-moly steel, for example, suffers a 
loss of ductility in the so-called “blue- 
brittle” stage from about 300® to 500* F. 

“Burning” of aluminum and magnesittm 
and their alloys begins to take place at 
about 950® F. before any perceptible 
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MALLORY 

Seam Welding Wheels 


oj Dteel luoing 



S TEEL tubing from to 26" in diameter and from 0.015" to 0.75" in 
■wall thickness is seam welded from steel strip in modern tube mills. In 
the smaller sizes, production speeds of 100 feet per minut® are common. 

Coils of steel strip are fed into forming rolls and shaped into tubes. As the 
two edges meet under pressure, they are butt welded into tubing. What 
appears to be a single large electrode is actually two wheels separated by 
insulation. These wheels make contact with each side of the seam and act as 
current carrying electrodes in performing the ■v\'elding operation. 

Made of Mallory 3* Metal, these two seam welding wheels assure high speed 
production and a minimum of down time for dressing. Welds are sound, 
clean and strong. 

For resistance welding of various metals—mild and alloy steels, stainless 
steels, aluminum or plated metals; by spot, seam, flash, butt or projection 
welding—Mallory engineers have developed electrodes that assure faster, 
better welding at lower cost. Special Mallory electrode alloys such as 
Mallory 3 Metal, Elkonite* and Elkaloy A* are helping metal fabricators 
to set new production records. 

Write today for your free copy of the Mallory catalog on resistance welding 
electrodes. Our engineers will gladly help with any specific problem. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


Valuable. Information — 


Improved, revised, and expanded, 
the Mallory Resistance Welding Data 
Book (3rd Edition) is the most useful 
manual available on resistance weld¬ 
ing methods, machines and materials. 
Free to those using resistance welding, 
when requested on company letter¬ 
head. Price to students, libraries and 
educational institutions: $2.50 per 
copy, postpaid. Board covers, 8H" x 
11", 160 pages. 


*/n Unit»d Kinftdom, Mad* and Sold by 
Mallory Metallurgical PruducU, Lid., London. 


Standard 
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indication of temperature is given by color. 

In flame cutting, too, it is difficult to 
determine temperatures while the metal 
is in the black heat range. 

Three issues of the technical bulletin 
"Tempil® Topics” cover some of these 
problems of temperature control, and 
give suggested solutions. Ask for No. 1— 
Flame Cutting; No. 2—Aluminum and 
Its Alloys; and No. 3—Fabrication in 
Safe Temperature Ranges. Available 
free from Tempil® Corp., 132 W. 22nd 
St., New York City II. 


"INSULATING'' WELDING GLOVES 

Novel safety device at Graham-Paige 
Motors Corp., Detroit, is this handy mitt- 
dryer designed to protect employees weld¬ 
ing Alligator amphibian tanks. Per¬ 
spiration, with its high salt content, is a 
good conductor of electricity and in¬ 
creases ' the danger of serious shock to 
workers handling electrical equipment. 
To eliminate the hazard, welding gloves 
are now rapidly dried by slipping them 
over narrow chimneys protruding from a 
metal cabinet which contains a heater 
and fan. Six pairs at a time receive the 
hot-air treatment. 



NEW CHEMICAL METH OD R ECLAIMS 
BURNER TIPS AND FITTINGS 

A simple chemical method for reclaiming 
burner tips and welding torch fittings 
without manual labor is announced by 
Turco Products, Inc., of Los Angeles. 

Burner tips and fittings used on welding 
torches and for brazing and burning choke 
up with tenacious carbon, causing dimen¬ 
sional changes which reduce the efficiency 
of the equipment. Manual methods of 
cleaning consume large amounts of time, 
and rarely is the equipment restored to its 
original state of efficiency. For lack of an 
effective method of cleaning, burner tips 
and fittings have frequently been dis¬ 
carded. To solve this problem, a simple, 
two-stage chemical process was developed, 
which makes possible the salvaging of 
hundreds of these parts. 



The Burnet Tip at Left Seemed Hopelessly 
Carbonis^ and Fouled. After Treatment 
in Turoo L-780 and Turco Brass Dip (right) 
Carbon and Tarnish Were Complet^ Re¬ 
moved, and the Burner Up R^orM for 
Many Additional Hours of Use 


Burner tips and fittings are first soaked 
in Turco L-780, a liquid material with 
solvent and penetrating actions, which 
digests carbon and gum deposits, softening 
and loosening them so that they are freely 
rinsed away. The material is noncorro- 
sive to copper and brass. Noninflam¬ 
mable, Turco L-780 mixes readily with 
water, thereby avoiding the use of costly, 
inflammable solvents in the rinse. The 
compound is used at room temperature, in 
an ordinary steel tank or container, such 
as is readily available at most plants. An 
overnight soak is sufficient to loosen and 


soften all carbon and dirt. At the com¬ 
pletion of the soaking period, the parts are 
rinsed clean in a vigorous air and water 
spray. 

After the Turco L-780 treatment, the 
parts will be physically clean, but will be 
more or less heavily oxidized and tarnished 
because of the high heat to which this 
equipment is exposed. A brief dip in 
Turco Brass Dip, a safe detamisbing 
liquid, completely removes this film, leav¬ 
ing the metal completely clean and bright. 
Turco Brass Dip is used in a ceramic crock 
or container. Long-lived and active, a 
small amount of the material will clean 
several hundred burner tips and fittings. 
Turco Brass Dip not only brightens the 
metal, but passivates the surface, thereby 
rendering it resistant to corrosion between 
cleaning periods. 

Literature describing the process in de¬ 
tail is available without cost. 


PRECISION WELDER 

The advantages of starting from scratch 
in the manufacture of resistance welding 
equipment are indicated in the Precision 
rocker arm air-operated spot welder just 
announced by Precision Welder and 
Machine Co. of Cincinnati, Ohio. This 
welder embodies all present adjustment 



Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTI-BORAX” 

Ask for Them Unequalled for Quality 

A Flux for every metal: Cast Iron Welding Flux 
No- 1) Brazing Flux No- 2; Braz^Cast Flux No. 4 
for bronze-welding cast ironi **ABC** Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum^ Stainless Steel Flux No. 9; Silver 
Solder Bra^ng Flux No. 10; No. 16 Silver Solder 
Paste Flux. 

ANTI-BORAX COMPOUND COMPANY 
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watertight 


ELECTRIC RESISTAN(:E WELDING EQUIPMENT 

- 


F AST Higgins landing craft must use distilled water in the 
cooling of their power plants. It is essential that the distillation 
unit be both sturdy and splash-proof. 

In fabricating this unit, Higgins Industries, Inc. uses seam 
welding. The Sciaky welder above is speeding the production 
of distiller cabinets. A single sheet of 24 gauge Monel metal is 
formed, then welded with a single longitudinal lap joint near 
the corner. The result is a strong, waterproof joint, produced 
with speeds up to 78" per minute. No special skill is required 
of the operator. 

We can help you design your product to take advantage of this 
modern fabricating process. A variety of special wheels, man¬ 
drels and jigs can be adapted to your problem. A new booklet 
describing our 180 KVA series machines, including general 
information and tooling data is yours for the asking. Write for 
bulletin 113-A. 

SCIAKY BROS., 4915 W. 67th ST., CHICAGO 38, ILL. 

Office* in New York, Waihington, Clevelnnd, Detroit, Los Angeles 
Representative* in principal cities. Plants in London and Paris 






Schomatic cross socHen dkigrotn 
«f « toani wold, fntorrvptod 
cvrront h generally wsod «nd 
produce* o twccession of over- 
topping spot welds. Electronic 
timer* control the sequence of 
a typical totting: 2 cycles weld 
time orvd 2 cycle* off time. Cur¬ 
rent value* slightly higher then 
used for 4ngle spot* ore re¬ 
quired due to the shunting of 
the CKljocertt weld. 
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and functions of other conventional weld¬ 
ers, however, simplifications and refine¬ 
ments have been embodied in keeping 
-with the trend of the machine tool indus¬ 
try. The design of the welder has not 
been influenced by precedents established 
to meet production requirements of past 
years, but is designed to take advantage 
of the latest knowledge gained in the 
resistance welding field, together with the 
newest improvements in air-operated 
machinery. 

Among the features are: 

1. Unit construction and easy acces¬ 

sibility keeps maintenance to a 
minimum. 

2. Use of air terminal block increases 

speed of operation to over 200 
spots per minute and keeps pip¬ 
ing to a minimum. The solenoid 
air valve can be removed without 
removing piping or wiring. 

3. Maximum vertical adjustment per¬ 

mitting in excess of 2 ft. with a 
minimum of 6 in. insures peak ef¬ 
ficiency with minimum demand. 

4. A completely new design of trans¬ 

former counting clamps the core 
the full length and provides com¬ 
plete adjustment for accurate 
and rigid mounting of the trans¬ 
former. 

fi. Timer and contactor motmting on 
hinged rear panel saves the user 
valuable floor space at the sides 
of the machine, and provides ac¬ 
cess to the interior. 


ELECTRODE FOR WELDING 
JET PROPULSION ENGINES 

Arcos Corp. announces a new electrode 
}or welding the metals developed for jet 
propulsion engines. 

The electrode produces a weld metal 
that withstands the great temperatures 
and stresses encountered in jet propulsion 
•engines. 

Although the chemistry and physical 
properties of this new weld metal cannot 
be revealed publicly, Arcos Corp. is pre¬ 
pared to supply this electrode for those 
manufacturers engaged in this program. 
Address Arcos Corp., 1515 Locust St., 
Philadelphia 2, Pa. 


NEW ACETYLENE TORCH TIP CLEANER 

Manufacturer: Maitlen & Benson. 1312 
Rose Ave.,.Long Beach 4. Calif. 

Features: A better job of acetylene 
burning, lower labor, maintenance and tip 
replacement cost with increased produc¬ 
tion is the record set by the new Wypo Tip 
Cleaner. The superior efficiency of the 
Wypo Tip Cleaner is due to its smooth 
round pilot and its evenly rounded- 
shoulder stainless steel construction. It is 
radically different from any cleaner here¬ 
tofore made. It cleans and polishes the 
inside of the tip without damaging it—so 
common with makeshift cleaners that cut, 
scratch or gouge it. The Wypo Cleaner is 
long wearing and non rusting. It not only 



Wypo Tip Cleaner 


outperforms but outlasts other types of 
cleaners many time over. 

One shipbuilding company alone, trying 
the Wypo Cleaner, found it so efficient and 
practical that they have made it standard 
equipment for their burners, having pur¬ 
chased over 35,000 Wypo Tip Cleaners. 
The handy leather case of 12 cleaners fits 
any size of preheat, high pressure, oxygen 
and abetylene holes, in the drill sizes of 
Nos. 75 to 49, inclusive. The case holds 
the cleaners together protecting them 
against loss and making them easy to carry 
in the workman's pocket. Individual 


larger sizes are made to fit the larger burn¬ 
ing tips. 


ACP ELECTRODES 

For speedy and economical welding in 
all positions and with a.-c. and d.<. re¬ 
verse polarity, the new ACP electrode 
available in seven diameters from */ii to 
Vn in. is announced by the Westinghouse 
Electric Corp. 

The new heavily coated electrode, 
recommended for high-quality welds on 
work which is not easily positioned, forms 
a light, porous slag which is easily removed 
from each pass by light brushing. Because 
of high tensile strength and ductility of 
welds made with ACP, this rod is especially 



Fig. 1—New ACP Westinghouee Electrodes 
for A.-C. and D.-C Welding 


suited for heavy plate fabrication, ship¬ 
yard, pressure piping, pressure vessels and 
general structural steel work. 

Easy to handle on vertical and overhead 
work, ACP produces excellent results in 
making horizontal fillet welds and lap 
joints on all low and medium carbon steels, 
as well as low-alloy and cast steels. It 
meets Navy specifications as well as var¬ 
ious association code requirements. 

Further information on the ACP elec¬ 
trode-may be secured from P. 0. Box 888, 
Westinghouse Electric Corp., Pittsburgh 
30, Pa. 



WELD CONTROL TIMERS 


For All Types of Resistance Welding. . , . Accurate—Fool Proof—Simple—Low Priced. . . . 
War Contracts Must Be Qualified. Post War Welding will Surely be Held to Equal Standards. 



600 E. Ml LWAUKEE AVENUE DETROIT 2, MICHIGAN 
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or Brazing 


RODS 

AND FLUXES 


Welding 


Tor production work, an ever increasing number of 
leading manufacturers are now using EUTECTIC Rods 
and Fluxes in place of fusion welding, brazing and 
silver soldering, because the EUTECTIC Low Tempera¬ 
ture* Process affords them new economies and addi¬ 
tional advantages over conventional welding meth¬ 
ods. Not only are many of the most difficult problems 
solved through the application of EUTECTIC Rods and 
Fluxes but ordinary welding jobs ore performed at 
lower cost by means of this revolutionary process. 

In the solution of numerous welding problems in¬ 
volving high strength, freedom from distortion, warp¬ 
ing and minimum after-machining, the record of 
EUTECTIC achievements is constant proof of the superi¬ 
ority of EUTECTIC Low Temperature* Welding Rods 
ond Fluxes. 

EUTECTIC RODS AND FLUXES FOR 
EVERY METAL JOINING JOB 

By means of 48 specially developed Rods and Fluxes 
the mony advantages of EUTECTIC Low Temperature* 
Welding can be employed to join oil metals. Every 
standard method of heating such as Gas — Arc — 
Induction and Furnace can be used since EUTECTIC Low 
Temperature* Rods and Fluxes ore supplied in rod, 
wire, strip ond powder form to meet alt requirements. 

If you hove tough metal joining problems or are 
planning new production, NOW is the time to Investi¬ 
gate EUTECTIC Low Temperature* Rods and Fluxes by 
calling in your local EUTECTIC Field Engineer who will 
gladly help you. In the meantime, why not order the 
all-round selection of 9 important EutecRods for your 
current work and experimental jobs. Mail the coupon 
or write on your company letterhead. 

EC/TECTfC solves tough welding problems 
and makes routine jobs easier. Try. it today / 

*R*S. Tredtmark U. S. Pot. OfRco 


J 



Bronx# cadingc w#ld#d 
with Ewl#cTrod# 21. ThU 
it th# Ar>t •itctrod# d#v#l- 
ep#d thot con luccastfwlly 
w#ld <opp*r, bniis end 
brent# with on AC-DC mo- 
tollk ere. C#mpl#l#ly nto- 
chlnebl#, p#rt#cl color 
metch; hleh t#n»ll# itrongth. 


$l##l tprechot goer woidod 
with EulocRod 16. Cer* 
loedc of lt##i w#r# tovod 
by timplifying th# doiign 
ei thii mechin# pert. Sop- 
eret# cornpononts w#r# 
woidod tog#th#f with high 
tonsil# EutocRod 16. 



Alwminwm tubing wathor 
end four aluminum scrowt 
otsomblod with EutocRod 
190. Not# that on thin 
aluminum soctions, woldt 
mad# with this alloy mini- 
mix# diitortion. This costly 
forging was produced by 
welding tegothor alumi¬ 
num components -e tes¬ 
timonial to the speed 
qualities of EutocRod 


40 Worth Street 


ipeed and I 


EUTECTiC WELDiNG ALLOYS COMPANY 

ORiGINATORS OF EUTECTiC LOW TEMPERATURE WELDING 


New York 13, N. Y. 




Pleose send me complete facts about EUTECTIC Rods ond Fluxes and 
Information on how to purchose a selection of the 9 most important 
EutecRods for every day use. D«pL JN1 
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NEW REFERENCE CHART ON ALLOY 
WELDING 

Arcos Corporation has just announced a 
completely new and simplified reference 
chart on high and low alloy welding elec¬ 
trodes. The data, which is grouped for 
quick, easy use, includes weld metal 
chemical analyses; information on cor¬ 
rosion resistance, on heat resistance, and 
on weld metal surfacing. It also includes 
welding currents and voltages and stub 
end color table. A copy will be sent upon 
request to Arcos Corporation, 1515 Lo¬ 
cust Street, Philadelphia, 2, Pa. 


CUTTING AID 

Flame-cutting vertical and overhead, as 
well as horizontal surfaces, is said to be 
greatly facilitated by the new B & W 
Magnetic Straight Edges, according to the 
manufacturer. The B & W Co., 7610 S. 
Figueroa St., Los Angeles 13, Calif. 

An 18-lb. pull holds the B & W Magnetic 
Straight Edge firmly to the work whether 
the plate is rusted, oily or painted. The 
Alnico magnets, which are not affected by 
electricity, are said to last for years. 

Uniformly clean and accurate cuts are 
assured because the torch tip is held at 
the correct distance from the work. The 
straight edges are easily adjustable to any 
bevel angle. Bevels are cut in one opera¬ 
tion. 



Made of specially beat-treated alumi¬ 
num alloy, rigid as well as light in weight, 
B & W Magnetic Straight edges will not 
warp from heat and are resistant to corro¬ 
sion. 

Three models are offered in lengths from 
18 to 36 in. 


NEW CARBON PILE CONTACTOR- 
CONTROLLER 

Details of design and construction of the 
unique contactor-controller which has 
made possible the introduction of suc¬ 
cessful resistance welding machines oper¬ 
ated from storage batteries as the direct 
power source, have now been released by 
Progressive Welder Co., 3050 E. Outer 
Drive, Detroit 12, Mich. These contac¬ 
tors make possible the rapid interruption— 
without arcing—of welding currents rang¬ 
ing up to tens of thousands of amperes. 
With this equipment it is now possible to 
weld even such materials as aluminum— 
requiring high current values—in localities 
where power supply is quite limited. 



M«-44d 


Fig. 1 

The carbon pile contactor used on the 
"Progressive'' battery-powered resistance 
welding machine is a rugged, heavy-duty 
assembly capable of making and breaking 
extremely heavy currents continuously. 
Units of this design in operation at the 
present time interrupt upward of even 
30,000 amp. on regular high-production 
jobs. 



Fig. 3 

This sketch illustrates the two paths lor 
the flow of welding current provided by 
the four contacting surfaces. Current 
flows through the contactor, thus doubling 
the capacity of the unit. One pa^ is 
throuah the bottom contact to the central 
one, mat is, fr<xn B to A. The other path 
is through the top contact to the central 
plate, or from C to A. 


Design and operation of the contactor is 
based on utilization by Progressive of a 
well-known but hitherto relatively neg¬ 
lected electrical principle: the carbon pile 
rheostat. 8uch rheostats have the ability 
to control the current Sowing through a 
circuit merely by varying the pressure ap¬ 
plied to a stack of carbon disks. Maximum 
current flows when the carbon is highly 
compressed. The current decreases pro¬ 
portionately as the pressure is released. 

Instead of having many small disks in 
series, however, the Progressive contactor- 
controller is designed so that the current 
passes from two large carbon disks into a 
third one which is located centrally be¬ 
tween the other two. The carbon pile con¬ 
tactor itself ..(see Fig. 1) is a rugged, heavy 
duty assembly capable of making and 



Fig. 2 

The contactor proper is made up of the centrally located contact plate A. having a 
carbon disk surface top and bottom. It faces similar carbon disks mounted on the uf^r 
and lower contact plates marked B and C. 
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breaking extremely heavy currents con¬ 
tinuously. Units in operation at the pres¬ 
ent time interrupt upward of even 30,000 
amp. on regular high production jobs. No 
sparking can be seen between the carbon 
disks as the current is broken—only an 
occasional glow from a speck of heated 
carbon dust. 

The contactor, consists of the centrally 
located contact plate (A in Fig. 2) having 
a carbon disk surface top and bottom, fac¬ 
ing similar carbon disks mounted on the 
upper and lower contact plates {B and C 
in Fig. 2). When assembled, the contact 
surfaces are barely separated by only a few 
thousandths of an inch. When the con¬ 
tactor is to be closed, air is admitted to the 
cylinder above the contact assembly by 
means of an electric solenoid air valve. 
This operates a piston and forces the con¬ 
tacting carbon disks together under a pres¬ 
sure of several thousand pounds. 

The four contacting surfaces (see 
sketch, Fig. 3) actually provide two paths 
for the flow of welding current through the 
contactor, thus doubling the capacity of 
the unit. One is through the bottom con¬ 
tact to the central plate (from BtoA), the 
other through the top contact to the cen¬ 
tral plate (from C to i4). 

As the contacting surfaces are brought 
together, they offer at first considerable re¬ 
sistance to the flow of the current. This 
resistance, however, drops rapidly as pres¬ 
sure is applied. Under the full pressure 
used in battery welding machines, there 
actually is little resistance to the flow of 
current. The carbon disks are so com¬ 
pounded, of course, as to produce the de¬ 
sired pressure-resistance relationriiip. 

When the welding current is to be inter¬ 
rupted, the air pressure is simply removed. 
This action allows springs in the assembly 
to rapidly separate the contacting surfaces. 
As the pressure between the plates is thus 
released, the resistance increases rapidly, 
so that, as the surfaces actually separate, 
practically no current remains to be in¬ 
terrupted. 


NEW THERMIT 

Development of a special type of ther¬ 
mit, known as “Thermicast,” for produc¬ 
ing steel castings, has been announced by 
the Metal and Thermit Corp., New York, 
N. Y. 

The new type of thermit is reported by 
the company to solve the problem of ob¬ 
taining sound, clean steel castings quickly 
and simply, irrespective of size and in¬ 
tricacy of shape, when regular steel melt¬ 
ing facilities are unavailable. Thermicast 
is especially designed for the production of 
steel castings and is not to be associated 
with welding for which it is not suitable. 

The new casting material utilizes the 
well-known thermit reaction, requiring 
neither fuel nor electric power, the reac¬ 
tion being carried out in a specially de¬ 
signed conical-shaped crucible of sheet 
steel lined with refactory material. Most 
of the equipment required to produce the 
castings can be improvised, and little ex¬ 
perience to produce steel castings by the 
process is necessary. 


Thermicast is available in 41-lb. bags, 
each of which produces approximately 
25 lb. of steel, llie Thermicast steel, as 
cast, has the following average physical 
properties: yield point, psi., 39,250; ten¬ 
sile strength, psi., 70,200; per cent elonga¬ 
tion in 2 in., 30.1, and per cent reduction 
in area, 51.2. 


PORTABLE HARDNESS TESTING 
HAMMER 

An instrument that makes practical the 
taking of a hardness test right where the 
material is, in the shop, yard, on the truck, 
car, anywhere it may be, instead of taking 
a specimen to a testing machine, is an¬ 
nounced by Steel City Testing Laboratory, 
8843 Livemois, Detroit 4, Mich., and it is 
identified as a Portable Hardness Testing 
Hammer Type "P.'' While the usual 
method of checking for hardness is by 
means of costly testing machinery, using 
especially prepared test pieces; in many 
instances it isn’t at all necessary to obtain 
a scientifically acciuate test of the ma¬ 
terial, but it b sufficient to know the hard¬ 
ness in regard to workability. With this 
self-acting Hammer, it can be done 
quickly, employing any unskilled labor. 
Repeated tests can be made without read¬ 
justing the hammer. If material of a cer¬ 
tain degree of hardness is to be selected, it 
is only necessary to see whether the di¬ 
ameter of the impression made corre¬ 
sponds to the desired degree of hardness. 
If the impression is smaller or larger, the 
specimen is either to hard or too soft, 
which can be checked with microscope and 
chart supplied. The hammer consists of a 
cylindrical housing and easy moving pis¬ 
ton ; the housing is closed on one end with 
an inside thread cover, and on the other 
end with an open bushing. Between the 
cover and the piston, a strong spring is 
located which presses the pbton against 
the bushing. The tension of the spring can 
be adjusted by turning the cover, if the 
hammer is to be set a certain power of 
stroke. The piston is coupled with a 



striking pbton, which projects through the 
bore of the bushing guided by an airtight 
fitting ring in the cylinder and carrying a 
st^l ball on the end. 

Resting the hammer with the ball 
against the material to be tested and press¬ 
ing on the operating end. the striking pb¬ 
ton and the piston in the housing moves 
inward and presses against the spring be¬ 
tween the pbton and the cover. At a cer¬ 
tain point, in thb movement, the coupling; 
between the piston and the striking bolt 
is released, so that the piston, under pres¬ 
sure of the spring, moves against the inner 
end of the striking bolt and the ball strik¬ 
ing against the material to be tested. 
After the hammer is released, the striking 
bolt or piston is brought back to its former 
position by a spring in the cylinder. The 
cushion of compressed air before guiding 
ring causes a slow backward movement of 
the ball, and prevents spoiling the impres¬ 
sion made. Steel City Testing Labora¬ 
tory, 9843 Livemois Ave., Detroit 4, 
Mich. 


SURFACING ELECTRODES 

The Sight Feed Generator Co. of Rich¬ 
mond, Inc., announce a new line of Surfac¬ 
ing Electrodes. These electrodes will be 
known under the trade name "Rexaloy.’' 
They have the following properties and 
chai^terbtics: 

1. Made in sizes '/», */«. Viiand V 4 in- 

2. Operate equally well on either a.-c. 

or d.-c. machines, in all positions. 

3. Are not affected by mobtiue to the 

extent that they are not usable, 
but, after drying, will perform as 
formerly. 

4. Deposits can be forged smd heat 

treated. 

5. The coating b metallic, and becomes 

a part of the overlay, which 
means freedom from slag or scale. 

6. Deposits have a Brinell hardness 

rating of 300 to 687, depending on 
the base metal on which deposited. 

7. Designed on the principle that 

toughness b a more desirable 
property than hardness, Rexaloy 
electrodes will not become brittle 
after application, but will retain, 
within a few points, their original 
hardness throughout their use. 

Rexaloy Electrodes are unique in their 
field, having a coating composed of chrom¬ 
ium, nickel, copper, vanadium, manganese 
and other metals, the amounts of which 
vary with the type of rod. These blend 
with the core rod during the welding, 
forming a dense, slag-free alloy overlay. 
Thb principle replaces many desirable ele¬ 
ments which are lost, in most electrodes, 
while passing through the arc. 

These electrodes, as an overlay or inlay 
on a machinery part, prolong the life and 
increase the efficiency of the part involved. 
Not only b the wom-away metal of used 
parts replaced, but loss of metal from the 
surface of a new part may be minimized by 
application of a thin layer of a hard alloy, 
prolonging the life of the surface so pro¬ 
tected. 
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Mild Steel... High Tensile... Stainless Steel 
WELDING ELECTRODES 

made by welders,.. for welders 


SMITHway 

Certified 

WELDING 

ELECTRODES 


IVIITH^CorporatTofi 


MitrYOitK Ix'wKfITTSBUROH 19 • CHICAGO TUltT^S 

HOUSTON 7 • DALLAS I • lOS ANOELB 14 • ifATTLE I 

fNlSRNATIONAl DIVISION: MtlWAUKn I. WIS. • I*JOHM INCUS CQ^-LLIurfO 


Soon...a Comploto Lino of 
SMITHway A. C. WELDERS 

Ready for delivery soon, the 
exposed line of A. C. Weld* 
ers includes three new models 
of ISO* 200* and 250-ampere 
capacity, in addidon to die 
HEAVY DUTY MODELS 
of 300* 400* and S00*ampere 
capacity. Write for comfdete 
specifications and prices. 


The Proof Is In Production 

Welding research never ends at A. O. Smidi. It goes on in 
the laboratories. It goes on in actual daily producrion. Every 
day more than 320,000 SMITHway electrodes are used in 
A. O. Smith plants on parts and products tanpng ftom the 
smallest and simplest to the largest and most complex. Millions 
are used in the plants of other manufacturers. For detailed ‘ 
spedficadons on ^^ITHway Certified electrodes and their 
applicadon to specific welding jobs, send for the SMITHway 
Welding Guide. 


PRODUCTION TOOL 


Now in 1945, continuous welding research 
in A. O. Smith laboratories and plants 
makes possible the fabrication of 28,000* 
pound stern frames for cargo ships by 
the electric arc welding method—a proc¬ 
ess involving standard SMITHway 
electrodes and a mastery of modern 
welding preparation and techniques. 


In 1917, A.O. Smith developed a method 
of coating electrodes with paper, which 
shielded the welding arc and produced 
welds of materially improved ductility 
and tensile strength—a revolutionary 
advance in the relatively primitive art 
of welding. 
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CURRENT-FORCE RECORDER 

A Dew current-force recorder for record¬ 
ing current and force in resistance welding 
machine electrodes has been announced 
by the Special Products Division of the 
General Electric Co. Desirable for use in 
welding research and for the periodic 
checking of welding machine performance, 
the new recorder is specially designed to 
be helpful to users of energy-storage t 5 T>e 
welding machines for determining when ' 
forge pressure is applied to the work with 
respect to the discharge of welding current. 
In addition, the recorder permits resistance 
welding machine users to comply with 
Navy Specifications, Navaer PW-6A, Bu¬ 
reau of Aeronautics, Specifications for the 
Spot Welding of Aluminum Alloy, for Class 
A Spot Welding. 

Compact, portable and easy to use, the 
recorder consists of an amplifier-oscillo¬ 
graph unit and a special electrode holder. 
The amplifier-oscillograph unit, which op¬ 
erates from a U5-v., single-phase, 60-cycle 
power source, is composed of a single- 
channel amplifier, an oscillator, a power 
unit and a small magnetic oscillograph, all 
housed in a sturdy metal case. This unit 
simultaneously records a timing wave, the 
rapidly changing electrode force and the 
electrize current of the welding machine 
while a weld is being made. The record 
produced by the recorder also indicates 
squeeze time, the duration and magnitude 
of the welding current, the rate of rise of 
forge pressure and the hold time. The 
special electrode holder is equipped with 



Close-Up View of New Current-Force 
Recorder in Operation 


strain gages for measuring compressive 
strain, which is a measure of the force in 
the electrode, and built-in shunt for divert¬ 
ing from the electrode a proportional 
amount of current, which is used to oper¬ 
ate an oscillograph galvanometer. 

In operation, a 50(X)-cycle voltage from 
the oscillator is applied to two points on 
the strain gage bridge circuit, and the out¬ 
put from the two opposite points is a 
measure of the force on the electrode. The 
output of the bridge is fed into the ampli¬ 
fier, which amplifies the modulated carrier 
and rectifies and filters the amplified out¬ 
put. The output is then fed to the osolllo- 
graph, where the record is made. The 
welding current and a 60-cycle timing 
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wave are recorded simultaneously on the 
3*/j-in. paper record. 


TAPERED TUBE USED IN REDESIGN 

Recent experience in redesign of a muni¬ 
tions item demonstrates how advantage 
can frequently be taken of available shapes 
and how the combination of available 
shapes with small stampings often turns 
out to be the best solution for the produc¬ 
tion problem. Figure 1 shows schemati¬ 
cally the ingenious change in design which 
made it possible to dispense with a large 
amount of machine work, with a conse¬ 
quent improvement in production rate. 
The part shown at A was originally de¬ 
signed as a hollow forging which required 
a large amount of machining to reduce the 
wall thickness to the specified dimension. 
In order to speed up production and lower 
the cost, a study was made of the possi¬ 
bility of fabricating it by resistance weld¬ 
ing. It would be quite natural to consider 
first the possibility of sectioning the piece 
longitudinally and flash welding two 



stamped sections together. This, how¬ 
ever, would have involved some difficult 
problems of die construction for both the 
stamping operations and the welder. A 
better- method consisted of flash welding 
two pieces of the general shape shown in 
B and C. Part B was easily made by taper 
swaging the required lengths of seamless 
steel tubing of the correct outside diameter 
and wall thickness. At the small end of 
the taper, there is provided a straight tube 
section, slightly greater in length than the 
amount of material that would be lost in 
the flashing and push-up. Part C was pro¬ 
duced as a stamping from material of the 
same wall thickness as the tube. This part 
also has a straight tube section corre¬ 
sponding to that of part B, to allow for 
flashing and push-up. In other words, the 
two parts were identical in section at the 
areas where they were to be joined, and 
therefore presented satisfactory condition 
for flash welding. The assembly repro¬ 
duced the shape and dimensions of the 
original part as shown at D. The removal 
of the flash after welding is only a minor 
punch press operation compared to the 
amount of machine work necessary when 
this part was made from a forging. 


ELECTRONICS TRAINING COURSE 

A new Industrial Electronics talking 
slide film training course which oilers a 
thoroughly practical quickly grasped un¬ 
derstanding of the subject of industrial 
electronics, has been announced by the 
General Electric Co. Carefully organized 


for presentation in twelve sessions, the 
new course is expected to have wide use 
throughout industry wherever electronic 
equipment is applied or a knowledge of it 
is required. A large number of industrial 
and power companies, especially, are ex¬ 
pected to find the course highly desirable 
for effectively presenting to their personnel 
the fundamentals and applications of in¬ 
dustrial electronics. 


BRAZING BT RADIANT HEAT 



Ann Marks, of the Research Labora¬ 
tories of the Westinghouse Electric Corp., 
Pittsburgh, Pa., is shown brazing copper 
parts in a "hydrogen bottle" by radiation 
from an incandescent filament. The 
2000® C. (3632® F.) attained by the fila¬ 
ment heats the copper parts to about 
900® C. (1652® F.). 


PRODUCTION AND USES OF OXYGEN 

A new 24-page, two-color booklet, 
"Oxygen—Indispensable Servant of In¬ 
dustry," profusriy illustrated and fully 
telling the interesting story about oxygen 
—how it is made and how it is used in 
industry—has been published by Air 
Reduction. 

Photographs and text tell how 99.5% 
pure oxygen is guaranteed users and why 
this higher oxygen purity assures greater 
economy and maximum end-use efficiency 
of the product. 

Other explanatory sections describe the 
different types of "packages” for varying 
oxygen volume requirements, operating 
conditions, and internal plant gas dis¬ 
tribution methods. Also treated is Airco’s 
Applied Engineering Service for helpful 
technical and on-the-job assistance. De¬ 
scriptions of hand and mechanical weld¬ 
ing, flame hardening, flame cleaning, 
imderwater cutting, hand. and machine 
gas cutting and other flame processes de¬ 
veloped or perfected in Airco’s Research 
Laboratories are included along with 
photos of apparatus, accessories and 
supplies and other technical literature. 

Copies of the booklet, No. ADG-2014, 
are available on request from Air Re¬ 
duction Sales Company, 60 East 42nd 
Street, New York 17, N. Y., or any local 
Airco office. 
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AIRCO TRANSFORMER WELDER 

A new 200-amp. Wilson "Bumblebee” 
tran^ormer welder to meet the need for a 
higb-qualit 7 a.-c. machine of medium 
capacity, incorporating the latest features 
for economy in power consumption and 
high-speed, quality welding, has .been an¬ 
nounced by Air Reduction. 

Built-in capacitators make possible 
power economies up to 36%, reduce power 
bills and power input and relieve over¬ 
loaded transmission and plant feeder lines, 
making room for additional equipment. 
The unit is also equipped with a discon¬ 
nect switch. 

$elf-contained, the new 200 "Bumble¬ 
bee" has two ranges of current, the low 
from 30 to 110 amp. and the high from 90 
to 275 amp. Continuous stepless current 
control is provided throughout each cur¬ 
rent range by simply turning the crank on 
the top of the machine. A full-view scale 
makes current settings easy to read at all 
times. 

The machine is entirely self-contained 
and is studily constructed for dependable, 
Monomical service. All windings are cov¬ 
ered with the latest spun-glass fiber, heat- 
resistant Class B noninflammable insula¬ 
tion. 

Copies of an illustrated leaflet, giving 
dimensions, operating data, electrical 
characteristics, graphs showing volts and 
efficiency and power factors percentages, 
and other data, are available on request 
from Air Reduction Co., 60 East 

42nd §t., New York 17, N. Y., or any local 
Airco office. 


FORGING PRESSURE SPOT WELDING 

The advantage of forging pressure is 
provided in a new 150-kva. projection 
welder, announced by Sciaky Bros., Chi¬ 
cago, III. The pressure sequence consists 
of an initial low pressme during the flow of 
welding current. This is sufficient to es¬ 
tablish good contact without burning off 
the upper side of the projections. The 
pressure is also low enough to prevent a 
crushing of the projections which would 
reduce the heating efficiency of the welding 
current. 

A forging pressure of higher value fol¬ 
lows immediately after the passage of 
welding current. This quick follow-up of 
high electrode pressure reduces brittle¬ 
ness, sheet separation, and assures uni' 
form welds with a minimum supply of 
power. 

The addition of electrode holders easily 
converts the machine to a spot welder. A 
retraction stroke is provided which will 
permit a short Vrin. working stroke. The 
machine is a self-contained unit, with elec¬ 
tronic controls mounted in a hinged cabi¬ 
net, convenient to the operator. 

The welder, type PMCOI-9, has a capa¬ 
city of 6 projections on 0.080-in. mild steel. 
As a spot welder: from two thicknesses of 
0.032 to 0.187 in. Throat depth is 18 in. 
with maximum working space between 
arms of 21 in. Maximum pressure is 2600 
lb. for 90 psi. line. 


PAH INTRODUCES NEW ELECTRODE 
FOR WELDING CAST IRON 

"Harcast,"'aD all-position mild steel 
electrode for welding and repairing cast 
iron is the latest development of the 
Harnischfeger Corp., builders of P&H 
welding equipment. Entirely new, com¬ 
pletely different in its operating character¬ 
istics, P&H "Harcast” represents years 
of research and experimentation. It fuses 
well with either mild or medium carbon 
steel, thus making it ideally suited for join¬ 
ing cast iron with other types of steel. 
With a yield point of 50,000 psi., the de¬ 
posited metal has an ultimate tensile 
strength of 60,000 Ib., roughly double that 
of a good grade of cast iron. 

Usable with either a.-c. or d.-c. ma¬ 
chines (straight or reverse polmity on 
d.-c.), "Harcast” works well at low amper¬ 
age, thus minimizing the dilution effect at 
the fusion zone and permitting a higher 
quality of machining. Reverse polarity on 
.d.-c. current produces a smooth bead with 
deep penetration. On d.-c. straight polar¬ 
ity, penetration is less, higher beads are 
built, and there is less spread in the fusion 
zone. In either case—as with a.<. cur¬ 
rent—"Harcast” assures a sound, deep 
weld for any good grade of cast iron. For 
full particulars on "Harcast" electrodes, 
write Harnischfeger Corp., Welding Div., 
Milwaukee 14, Wis. 


BATTELLE RESEARCHES 

A 72-page catalog of the publications 
and patents which have resulted from 15 
years of fundamental and applied Battelle 
research has just been published by Bat¬ 
telle Memori^ Institute, Columbus, Ohio. 

Founded to advance education, science 
and industry through research and through 
the dissemination of technological infor¬ 
mation, Battelle has published widely in 
the nation’s technical, and scientific jour¬ 
nals. The new catalog lists more than 800 
such journal contributions, books and pat¬ 
ents between the years 1929-^44, inclusive. 

The catalog includes subjects in the 
fields of organic chemistry, electrochem¬ 
istry, chemical engineering, graphic arts, 
welding technology, applied mechanics, 
mineral dressing, industrial physics,ceram- 
ics, fuels and metallurgy. 


SUSTAINING MEMBERS 

Farwell Metal Fabricating Division, 
Farwell, Ozmun, SLirk & Co., St Paul 1, 
Minn. A modem, completely equipped 
plant—serving industrials, food, chemical, 
process and allied industries, doing custom 
work in stainless steel. Monel metal, 
herculoy, mild steel and miscellaneous al¬ 
loys. Fabricating process equipment, 
tanks, pipe and fittings, entirely to cus¬ 
tomers’ specifications. Also operate a 
tool and stamping plant in connection 
with welding sheet, plate and structmal 
work. Specializing in redesign from cast¬ 
ings to weldments on machine bases, parts 
and complete units. 


R. K. Tyra Company, Wyoming, Minn. 
Sheet metal and structural steel, plate 
cutting and forming, press work, metal 
stampings, wood work, galvanizing, weld¬ 
ing and cutting. Now making tent hard¬ 
ware, aircraft parts, farm machine parts 
and platers equipment. When restric¬ 
tions are lifted, wUl again make all welded 
sheet metal boats, builders hardware 
trailers and structural steel work. 


Emplo3rment 
Service Bulletin 

POSITIONS VACANT 

V-168. Welding Research Engineers— 
Familiar with arc or gas welding, gas cut¬ 
ting and having background of production 
or research experience in the wriding field. 
Excellent postwar opportunities in a mod¬ 
em research laboratory for men genuinely 
interested in welding. Write details of 
education, experience and salary. New 
York area. 

V-169. Design, Development and Re¬ 
search Engineers. Mechanical or Electri¬ 
cal for work in one of the largest Resist¬ 
ance Welder Manufacturers. Salary (q>en. 
Location, eastern Ohio. Our employees 
notified of this ad. Reply giving qu^ifi- 
cations. 

V-170. Transformer Consultant and 
also a Technician on small portable Elec¬ 
tric Welders. Excellent postwar oppor¬ 
tunity. 

V-171. We are distributors of elec¬ 
trodes and welding products and are de¬ 
sirous of obtaining the services of a man 
versed in this line to assume sales control 
for these items. Location Cincinnati. 


servic:es available 

A-501. Mechanical Engineer, 2 degrees, 
12 years' experience in thermal joining proc¬ 
esses, welding design of structures, pres¬ 
sure vessels, piping; welded production, 
also all phases of Resistance steel and 
alloys, training in physical metallurgy, 
strain studies. X-ray diffraction, experi¬ 
ence as welding consultant and instructor; 
seeks responsible position in development, 
research, design, etc. Also sales position 
considered. 


SECTION AcnvmES 

The Editor regretfully announces that 
for the first time in its history the Journal 
will not publish Section Activities and 
New Members. Paper restrictions has 
made this step necessary. This feature 
will be resumed at the earliest opportunity. 
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PAPERS SCHEDULED FOR 1945 ANNUAL 
MEETING, AMERICAN WELDING SOCIETY 


EDITORIAL NOTE.—The Annual Meeting papers will be presented to the 
membership through publication only. Oral presentation will be available 
onjy through local Section meetings. In order to provide the membership 
at large with an opportunity for discussion of these papers, a convention by 
mail will be arrang^. These papers will be published as rapidly as possible 
in current issues of THE WEUDING JOURNAL starting with this issue. In 
each case an Annual Meeting paper will be available for discussion by the 
membership at large, up to and including, the 10th of the month following its 
appearance in THE WELDING JOURNAL. Thus, Annual Meeting papers 
appearing in this issue will be open for discussion until September 10th. At 
that time all discussions presented will be sent to the author for closing re¬ 
marks and the discussion eventually printed in the earliest issue, which in the 
case of articles appearing in the August issue, will probably be the October 

number. 


AIRCRAFT 

of Recent Research on the Weldability and 
Control of the Production of Steel Aircraft 
Tubing 

by A. J. V/ILLIAMSON, Chief Metallurgist, Summerill 
Tubing Co. 

Resistance Welding on Stainless Steel Aircraft 
Motors and Accessories 

by FR^K G. HARKINS, Resistance Welding Engr., 
Solar Aircraft Co. 

The Application of Pressure Welding to the 
Manufacture of Aircraft Landing Gear 

by E. R. PROCTOR, Menasco Manufacturing Co. 

Heliarc Welding as Applied in the Aircraft 
Industry 

by T. E. PIPER, Chief Process Engr., Northrop Aircraft, 
Inc. 

BRAZING 

Impact Strength of Silver Alloy Brazed Joints in 
Steel 

by HOWARD A. SMITH, Met. Engr., Beech Aircraft 
Corp. 

Metal Flow and Fillet Formation in Brazing 
Aluminum 

by DR. M. A. MILLER, Aluminum Research Labs. 

Brazing with Ozy-Fuel Gas 

by A. N. KUGLER, Air Reduction Sales Co. 

DESIGN 

Welded Design as Applied to Light Weight Ord* 
nance Structures 

by H. A. OLDENKAMP, Project Engr., Warner & 
Swasey Co. 

GAS CUTTING 

Recent Developments in Heavy Cutting 

by R. S. BABCOCK, Development Dept., The Linde Air 
Products Co. 

Special Oxyacetylene Machine Cutting Applica¬ 
tions 

by R. F. HELMKAMP, Machine Cutting Spec., Air 
Reduction 

Electric Eye Tracing in Machine Cutting 

by WALTER BERGEROW, In Charge of Light Me¬ 
chanical Section, Air Reduction 

Machine Gas Cutting in the Steel Warehouse 

by LEONARD J. QUETSCH, Vice-Pres., A. M. Castle & 
Co. 


Machine Gas Cutting 

by R. M. DENNIS, Asst, to President, By-Products Steel 
Corp. 

HARD SURFACING AND FLAME HARDENING 

Building Up Worn Surfaces by Submerged Melt 
Welding 

by J. M. KEIR, The Linde Air Products Co. 

Modem Hard-Facing Methods 

by A. R. LYTLE, Union Carbide & Carbon Research 
Labs. 

MAINTENANCE AND JOB SHOP WELDING 

Work of the Mobile Ordnance Repair Shops 

by Representative of the United States Army, Ordnance 
Department, Office of Chief of Ordnance 

Welding on the Farm 

by R. W. GREC^RY, U. S. Office of Education, Food 
Production War Training 

Maintenance Welding in Foundry 

by RUSSELL R. FITCH, General Foreman, Aluminum. 
Company of America 

Railroad Welding-Cutting 8c Flame Hardening 
Operations 

by J. W. KENEFIC, Supt. Railroad Service, Air Reduction 

METALLURGICAL 

Metallurgy as Applied to Welding 

by R. B. LINCOLN, Director NWTB, Pittsburgh Testing 
Lab. 

Some Observations Concerning Underbead 
Cracking 

J. O. MACK and J. A. REINBOLT, Naval Res. Lab. 

Welding 3>A% Ni-0.45C Steel 

by BELA RONAY, U. S. Naval Ehg. Expt. Station 

MISCELLANEOUS 

Power for Welding 

by L. W. CLARK, The Detroit Edison Co. 

Fundamentals of Heliarc Welding 

by WILBEK B. MILLER, Union Carbide & Carbon Res. 
Labs. 

Recent Developments in the Application of Pres¬ 
sure Welding and Pressure Upsetting 

by C. J. BURCH, The Linde Air Products Co. 

NON-FERROUS 

Spectroscopy Applied to Ferrous and Non- 
Ferrous Materials 
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UNAMATtC HCAD 
fOK 'CONCEALCO 
AKC"(lighteeattd 
wire and granular 
Hux) Autematit 
Arc Welding. 


it’s time to cha 


Brings a chuckle, doesn't it? Yet this souvenir of the 
"horseless carriage" days isn't any more out of date than many 
of today's fabricating methods, when compared with the modern 
Unamatic processes. 

You might get quite a surprise yourself if you compared the speed, 
cost and quality of Unamatic arc welding with the fabricating 
method now being used in your plant. 

Perhaps you would like to have one of our field engineers survey 
your plant to determine the advantages you may gain by employ¬ 
ing the Unamatic processes. Write and we shall be glad to arrange 
it — without obligation to you, of course. 


UNAMATIC HEAD fOK 
"PROTCCTED ARC" fli’slil 
coated wire and tape), 
Automatic Arc Welding. 


UNAMATIC HEAD 
FOR “OPEN ARC* 
(light coated 
wire) Automatic 
Arc Welding. 


UNA WELDING 

1615 COLLAMER AVENUE 
CLEVELAND 10, OHIO 


CONCEALED. 


PROTECTED 


OPEN 
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by WM. J. POEHLMAN, Research Engr., A. O. Smith 
Corp. 

Gas Shielded Arc Welding o£ Aluminum 

by A. F. LEACH, General Electric Co. 


PIPE LINE WELDING 

Maintenance and Repair of Oil Pipe Lines 

by OLIVER WILDMAN, Welder, Texas-New Mexico 
Pipe Line Co. 

Pressure Welding of Overland Pipe Lines 

by E. P. JONES, Pressure Weld Company 


PRODUCTION 

Efficient Welding by Means of Proper Procedures 

by W. J. CONLEY, Cons. Engr., The Lincoln Electric 
Company 

Welded Gas Turbine Rotors 

by JOHN F. CUNNINGHAM, JR., Research Engr., 
Elliott Company 

Elconomics of Arc Welding 

by WALTER J. BROOKING, Dir. Testing & Research, 
R. G. LeTourneau, Inc. 

Wartime Applications of Heliarc Welding 

by Representative of Warren McArthur Corp. 

Welding of Turbo SuperchsutT^x^ 

by. J. P. MORRISSEY, (^neral Electric Co. 


RESEARCH 

The Effect of Testing Temperature on Weld* 
ability 

by F. H. LAXARand R. H.METIUS, Naval Res. Lab. 

The Straining of Deposited Weld Material During 
Cooling 

by PROFESSOR E. PAUL DEGARMO, Engineer-in- 
Charge, University of California 

Stress Relieving Study Made for the War Metal¬ 
lurgy Committee (Part II) 

by J. R. STITT, Associate Professor, Welding Engineer¬ 
ing, Ohio State University 

A Test Method for Producing Equal Triazial 
Tensile Stresses 

byM. J. MANJOINE, Westinghouse Electric Corporation 

Low Temperature Stress Relieving 

by T. W. GREENE, The Linde Air Products Co., and 
A. A. HOLZBAUR, Sun Shipbuilding and Dry Dock 
Co. 


RESISTANCE 

Application of Capacitor Discharge to Welding 

by H. J. BICHSEL and J. R. PARSONS, Westinghouse 
Electric Corp. 

Weu'-Proved Advances in Low Resistance Cables 

by MYRON ZUCKER, Mackworth G. Rees, Inc. 

Electrode Materials for Resistance Brazing 

by E. F. HOLT and E. I. LARSEN. P. R. Mallory & Co. 

Resistance Welding in Electronic Tube Manu¬ 
facture 


by CLIFFORD H. REED and H. C. WOLFE. Methods 
Man. Res. Welding, Electronic Tube Div., General 
Electrit Co. 

Production Tooling for Resistance Welding 

by J. H. COOPER, The Taylor Winfield C^rp. 


SHIPS 

Welding of Propulsion Shafting 

by HUGO W. HIEMKE, Research Supervisor, National 
Research Council, and CCDMMANDER J. C. BLAKE, 
USNR, Bureau of Ships, Navy Dept. 

Welding and Cutting by the Seabees 

by COMMANDER KENNETH C. LOVELL, (CEC), 
USN, Bureau of Yards and Docks, Navy Dept. 

Some Fundamentsds in All-Welded Ship Con* 
struction 

by MILTON FORMAN, Welding Engr., Ingalls Ship- 
’ bldg. Corp. 

Examination of Welded Joints by Trepanning 
with Si>ecial Application to Shipbuilding 

by J. B. ARTHUR, Testing Engineer and M. H. MAC- 
KUSICK Welding Engineer, California Shipbuilding 
Corp. • 


STAINLESS STEEL 

Factors Affecting Weldability of 18-^ Stainless 
Steels 

by F. H. PAGE, JR., Mgr., Factory Lab., Solar Aircraft 
Co. 

Shop Notes on Welding Stainless Steels 

by VINCENT J. SHANAHAN, Welding Engr., Electric 
Steel Foundry Co. 

Welded Stainless Steel in Gas Turbines 

by C, B. COOPER, West Coast Manager, The McKay 
Co. 


STORAGE TANKS AND PRESSURE VESSELS 

Field Erected Pressure Vessels 

by FRED L. PLUMMER, Chief Res. Engr., Hammond 
Iron Works 

Welded Gas Holders 

by RUDOLF KRAUS, Welding Engr., Stac6y Bros. 
Gas Construction Co. 


STRUCTURAL 

H-Section Truss 

by S. J. DIETRICK, Structural Engr., The Austin Co. 

Recent Experience and Research in the Welding 
of Large Steel Structures 

by LaMOTTE GROVER, Welding Engr., Air Reduction 
Sales Co. 


WELDABILITY 

Weldability Tests of Ship Steels 

by CLARENCE E. JACKSON and G. G. LUTHER. 
Naval Res. Lab. 

Weldability Tests of High Strength Wrougth 
Aluminum 

by WILLIAM APBLETT, Naval Res. Lab. 
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Bulk Tttt lor 
Coibng M*lert«rs 


VlwoMty 

Test 


|T'S the result of careful planning, the utiliiatien of scientific 
methods, and a trained control personnel. If stainless and special 
alloy electrodes are to deposit a weld metal which is metallur* 
gicaliy ond chemically right for the [ob, more rigid controls are 
required than for mild steel electrodes. Arcos has specialised 
V in stainless and alloy electrodes for 14 years. During this 
\ period,ithosdevelopeditsown processing to the nth degree 
\ of accuracy. When in Philadelphia, let us show you our 
\ plant. It will be a revelation to you. It will show you why 
\ our statements regarding the high quality of Arcos 
\ electrodes are true for every 
\ batch and for 
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Gessleg 
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every run, 
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SedlmeetsttM Test tor Firtide Site 


ARCOS CORPORATION *310GULF BUILDING. PHILA. 2. PA. 
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HOBART • One of the World’s Lorgest Builders of Arc Welders * HOBART 
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[te Valuable Books, soM on 5 Day Approval! 

I'l. "Practicol Daiign ior r~| 3. Practical Arc Walding 
^ Taxi Kook and Oparolor'i 
Arc Walding." Volt. I, training courta. Prica $3 


Select the book you went. Check cou- 
mail with your name, firm name, address, 


r~| 4. Camplaia Catalog on 
I—^ Arc Walding Equipmanl. 

□ 5. Complala Accatiory 
Coiolog on Arc Walding 
luppliai. 

□ 6. "Simplifiad Arc Wald¬ 
ing and, Tha Hundrad 

Digitiz'^er.'ijfeVOOg 


7. "Con Vov Polanl on 
Arc Waldod Datign?" 

8. "Contmen Fevllt in 
Arc Walding Oaiigni.*' 

9. "Waldar'i Vail Pockat 
Inilruclion Cuida." 


3. Proctical lattoni Book, 
full of voluabla Informo- 
lion, precadurai, dio- 
grami, chorli. Prica, 79< 


Sat of Ihrao velumat. 


Three large volume* of 100 
detigns each that were tried 
and proven in diverse indus¬ 
tries. Oppasite each design 
plote is a work sheet for 
forming your ideas on how to 
improve your product by ore 
welding. Sample pages FREE 
on request! 
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Quality Control During Production of 
Electric Resistance Welded Tubing 

By Sidley O. Evans* 


T here is no better guarantee of a uniform, strong, 
complete weld in resistance welded tubing than 
operation of the welding unit under such rigidly 
scrutinized control that it is never allowed to deviate 
from producing completely soimd tubing. 

Constant alert control is necessary even when the 
mill has been set up accurately and expertly, because 
wear and changes in strip characteristics may make ad> 
justments necessary. Lacking this precise control, some 
tubing must be rejected as a sacrifice in the name of 
quality, but that sacrifice will injtire rather than strengthen 
the confidence with which one may guarantee that 
the remaining tubing has a .sound wdd throughout its 
length. 

Production control that deserves confidence can only 
result from a combination of perfected tests and exper¬ 
ienced men—frequent tests i^ormed at the welding 
machine designed specifically to detect minor maladjust¬ 
ments of that mill, and men whose experience enables 
them to interpret the tests accurately and correct the 
maladjustments before serious defects have been pro¬ 
duced. This paper will deal with the tests i>erforraed at 
the welder which are helping the Welded Tube Division 
of the Babcock & Wilcox Tube Co. to maintain weld 
quality so consistently that the rejections resulting from 
couponing and hydrostatic testing each length of pres- 
siu-e tubing, have averaged less than 0.3% of the tubes 
tested month after month. The effectiveness of these 
tests depends not so much on the remarkable features of 
any one test as on the coordination of the group of tests 
to the characteristics of the mill. 

Essential Characteristics of Control Tests 

The tests which control the quality of electric resistance 
welded tubing must have the following characteristics: 

1. Scope—At least 10 or 15 ft. of tubing should be 
included in the test piece to assure the inclusion of de¬ 
fects that occur intermittently because of the tendency of 
a welding mill to precede serious continuous defects with 
widely spaced minor flaws. 

2. Interpretation—The test or combination of tests 
should present sufficient evidence to reveal the serious¬ 
ness, length, frequency and source of each difficulty so 
that appropriate corrections may be made. 

3. ^nsitivity—The greatest possible sensitivity is 
required. Even weld conditions that would not seriously 
affect the weld after normalizing, should be detected and 

* Electrical Bngiiieer. Tbe Babcock & Wilcox Tube Co., Beaver Pails, Pa., 
Pormerlj Associate Professor of Electrical Bngineeriag, Ohio State University. 


corrected before the trouble progresses to the point where 
serious flaws occur. 

4. Constancy—Prabably the most important re¬ 
quirement of the test is that the sensitivity must be 
constant and not subject to the control of the operator. 
In any case where the operator may question whether a 
series of indications are the result of too high a sensitivity 
setting or the resiilt of actual defects, he may make the 
wrong choice and reduce the sensitivity. Thus, if the 
yardstick of mill quality is flexible, it will be stretched 
just when' it is needed most. 

These four fundamental requirements imply other 
characteristics that are not specifically stated. For in¬ 
stance, the inspection of 10 or 15 ft. of tubing demands a 
nondestructive test because the expense involved in the 
frequent destruction of so much tubing would be prohibi¬ 
tive. As another instance, the requirement of high 
sensitivity would disqualify a test which would fail, to 
detect a flaw having the depth of an inconsequential 
surface scratch near the weld. Consequently it is 
necessary that the test provide some way of distinguish¬ 
ing between the indications produced by these scratches 
and those produced by minor weld flaws. These implica¬ 
tions and others may not be immediately apparent but 
certainly inject themselves forcibly in the course of a de¬ 
velopment of this nature. 

Choice of a Nondestructive Test 

Magnaflux testing was chosen after an extensive inves¬ 
tigation of the possible methods of nondestructive test¬ 
ing. Cold expanding of every foot of tube was foimd to 
be prohibitively expensive. X-ray inspection was slow 
and the ability to see the minor defects was limited. Hy¬ 
drostatic expansion was limited by mechanical considera¬ 
tions. All known methods of electromagnetic flaw de¬ 
tection were carefully investigated, and those which 
would apply to magnetic steel were tested on tubing hav¬ 
ing defects ranging from incomplete welds to actual leaks. 
These methods were rejected for two reasons. First, no 
satisfactory working compromise was found between a 
degree of sensitivity that gave unnecessary indications, 
and a lesser degree that sometimes missed defects even 
as serious as leaks. Second, the sensitivity was at the 
mercy of the operator. 

Development of Methods 

The magnaflux test was adopted only after an extended 
period of development, during which it was studied 
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Fig. 1—Photograph Shows Two Specimens of Welded Tubing Which Had Been "Blued" and Then Broken 
Open at the Weld. Scotch Tape Impressions of Magnaflux hidications Are Shown Adjacent to the Broken 

Open Weld 

• 

carefully for limitations or "blind spots’’and was adapted "background." This turns out to be an advantage in 
specifically for testing the weld zone of electric resistance some respects and a disadvantage in others, 
welded tubing. Testing this material is somewhat dif- In view of the special nature of the job to be done, the 
ferent from the usual inspection procedure involving development was undertaken with due regard to the 
magnafluxing. In the first place, the inspection is limited wealth of magnaflux experience available but without 
to a very narrow zone around the weld line because the limiting the experiments to the boundaries dictated by 
steel is inspected earlier in the manufacturing process, previous practice. In at least one case, it was possible 
In the second place, it is desired to detect not Only flaws to take advantage of a departure from normal magnaflux 
of rejectable magnitude, but even the smallest imperfec- practice which resulted in greater sensitivity and greater 
tions so that the operating conditions might be corrected ease of visual inspection in, this inspection job, but is a 
before conditions became serious. Finally, the raechani- disadvantage in normal magnaflux inspection, 
cal and metallurgical conditions for Vs in. on each side The fundamental problems faced were: the choice be- 
of the weld are such as to produce a very light magnaflux tween using a magnetizer, passing current through the 


Fig. 2—Photograph Shows a Different View of the Same Specimens Depicted in Fig. 1. Here, the Half Sec* 
tions Are Mounted Back to Back and Show Clearly the Defective Areas in Bo^ Halves of the Tube 
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tube wall, or passing current through a conductor inside 
the tube; the fixing of intensity of magnetization; the 
choice between wet and dry methods of magnafluxing 
and the fixing of the concentration of magnetic particles 
in the suspension. In addition to the fundamental 
choices, refinements of method were explored, including 
the kind of lighting best suited for inspection—both 
from the standpoint of direction of lighting and of the 
use of monochromatic light; the use of a magnifying glass 
to ease and speed inspection; and the removal of the 
magnafiux suspension from the tubes. 

Many questions in the choice in magnafiux methods 
were settled on the basis of the ability to detect subsurface 
and inside fiaws. Because magnetization by means of 
a copper bar inside the tube or by using a magnetizer 
gives more flux at the inside surface of the tube than mag¬ 
netization by passing current through the tube directly, 
it should g;ive greater sensitivity to inside defects. The 
dry meth(^ is more sensitive to deeply imbedded defects 
than the wet method because a subsuriace flaw results in 



Fig. 3—Th« Photograph at the Top Shows a Section of Tubing 
Containing a Heavy Magnafiux Indication at the Weld. The 
Indicated Weld Raw Opened up When Partially Rattened as 
Shown by the Photograph Directly Below 


a broader, gentler disturbance of the magnetic flux than 
a fissure that comes to the surface. The magnetic par¬ 
ticles used in the dry method, being larger than those 
used in the wet method, are more affected by this broad 
disturbance. If the use of an inside bar for magnetizing 
and use of the dry method had detected inside defects, 
it would certainly have been adopted; however, re¬ 
peated attempts to detect inside flaws using these meth¬ 
ods were unsuccessful. Possibly this was due to masking 
of the indication by the magnetic discontinuity near the 
weld line, or possibly the flaws were too small to be de¬ 
tected at that depth. In any case, no indication which 
was sufficiently distinct so as to be reliably interpreted 



Fig. 4—The Photograph at the Top Shows a Section of Tubing 
Containing a Medium Magnafiux Indication. When This 
Section. of Tube Containing the Indication Was Partially 
Rattened, the Weld Raw Opened Up as Depicted by the 
Photograph Below. The Weld Defect Opened up Regardless 
of the Fact That the Tube Section Was Normalised nior to 
Flattening 

by an inspector appeared regardless of which method was 
employed. This limitation necessitates supplementing 
magnafiux testing with a test which is especially sensitive 
to inside defects. This will be discussed later. 

Once the inability to detect inside defects was ac- 



Fig. 5—The Photograph at the Top Shows a Section of Tubing 
Containing a Light Continuous Magnafiux In^cation at the 
W^d. The Flattened Section Is Shown Below 
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Fig. 6—^Magnailux Teiting at the B & W Wading Mill 


cepted, the choice of procedure was based on ease of 
operation and sharpness of those indications which could 
be detected. For ^e inspection at the mill use of current 
through the tube wall with the wet method was adopted. 

It was in the choice of magnetic particle concentration 
in the magnaflux suspension that advantage was taken 
of the peculiarities of this application. The best and 
most easily inspected indications resulted from a par¬ 
ticle concentration, as determined by allowing a de¬ 
magnetized sample of suspension to settle in a cen¬ 
trifuge tube, of two to three times the values normally 
used. However, since only the weld area is to be in¬ 
spected, and since the magnetic discontinuity aroimd the 
weld prevents a heavy background in this area, inspec¬ 
tion is not handicapped by the heavy background that 
would usually resiUt from so heavy a concentration. 
Furthermore, since it is desirable to catch and correct 
even the smallest defect, the added sensitivity is an ad¬ 
vantage, instead of being a hindrance as it would be in 
the usual case where indications resulting from defects 
of less than rejectable magnitude would be a distraction. 

The intensity of magnetization which produced the 
most satisfactory indications was found to be about 400 
amp. per inch of diameter. This value of current is com¬ 
mon in magnaflux practice. 

The most important characteristic that remained to 
be determined was the correlation between flaw size and 
indication size. While it was already an accepted fact 
that inside flaws could not be detected by this method, 
this did not eliminate magnaflux as part of a test proced¬ 
ure, but merely meant that it must be supplemented by 
other tests. However, if the sensitivity of ^is test were to 
depend on the arbitrary judgment of the operator who 
might assume that the sensitivity was too high when the 
mill was actually in trouble, this test would be useless as 
a yardstick of mill quality even for those defects which 
it could detect. 

To be sure of correlation between magnitude of the 
indications obtained and severity of the flaw present, 
a large number of samples were tested including tubes 
that had been rejected in couponing or hydrostatic test. 
Magnaflux indications were lifted and recorded by means 
of cellulose scotch tape and were classified as "light,” 
"medium” and "heavy.” Specimens containing repre¬ 


sentative defects were then treated in 
a chemical bluing solution at about 
280° F. for several hours. This al¬ 
lowed time for the solution to penetrate 
to the bottom of the defect (fissure) 
leaving its area coated with a blue 
oxide. Since long-time immersion in 
the solution at devated temperatiu’e 
results also in age hardening and 
notch sensitivity of the metal, the flaws 
forming a notch at the weld made it 
relatively easy to break the speci¬ 
men along the weld line in order to ex¬ 
amine the actual dimensions of the de¬ 
fects. An example of a typical lifted 
indication and blued specimen is shown 
in Fig. 1. 

Two samples are shown with the 
scotch tape impression of the magnaflux 
indications placed adjacent to the 
broken-open weld. The correlation be¬ 
tween r^tive heaviness of lifted in¬ 
dication and severity or depth of defect 
is obvious. Figure 2 gives another view 
of these same blued specimens. In this 
case the tube sections are mounted 
back to back showing the defective 
areas in both halves of the tubes. 

The correlation found to exist between indication 
size and defect size was very good, as is shown by the ex¬ 
amples in the illustrations. In all cases, a light indica¬ 
tion meant a flaw less than Vts iti- deep; a medium indi¬ 
cation meant a flaw ^/j to V* through the wall; and 
a heavy indication meant a flaw either completdy or 
almost completely through the wall. 

In addition to the study of what indications meant in 
terms of flaw depth, a study was made of the significance of 
various indications in terms of the severity of failures when 
the tube is deformed by flattening in either the as- 
welded or normalized condition. Three examples are 
shown in Figs. 3, 4 and 5. Again the correlation between 
magnitude of indention and seriousness of defect is strik¬ 
ing. From observation of many -tests, it can be stated 
that the heavy defects will open up on flattening under a 
relatively min or amount of deformation, whereas, the 
lighter require greater deformation on flattening before 
opening of the weld at the defective area of areas. 

The only operation variables that can affect the corre¬ 
lation between size of indication and severity of flaw are 
the value of current passing through the tube during 
magnafluxing and the concentration of magnetic par¬ 
ticles in the suspension. Consequently, the standard 
current value to be used for each size of tubing has been 
determined and is posted at the equipment, and the 
Laboratory makes periodic tests of particle concentra¬ 
tion using the centrifuge tube method. As a result of 
these precautions, any indication on the surface not only 
betrays and delineates the weld defect, but also tells its 
depth and extent, so the operator can base his judgment 
of what steps to take in adjusting the mill on complete 
information regarding these defects. 

The magnaflux equipment, shown in Fig. 6, consists of 
a type K Q-3 rectifier, 3000 amp. capacity, manufac¬ 
tured by the Magnaflux Corp., connected to tapered 
electrodes. Wedging action between the tapered faces 
makes firm contact with a tube laid between the elec¬ 
trodes so that no clamping is necessary. To test a tube, 
it is merely necessary to lay it between the electrodes, 
push a button to turn on the current, apply the liquid 
and inspect. This is done easily and rapidly by a trained 
operator at the mill. A trough returns the excess liquid 
to a sump where a circulating pump is provided 
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to prevent the magnetic particles from settling out. 

In view of the quantitative indications yielded by mag- 
naflux testing and the ease with which it can be applied 
to long tubes, the question naturally arises as to why any 
further test should be used. The answer to this* lies in 
the inability of magnaflux to detect very small subsur¬ 
face or inner surface conditions. Two such conditions 
were found and a test was provided for each. To see how 
magnaflux plus the two supplementary tests combine to 
give complete coverage of i^l trouble, each area of mill 
trouble be outlined with a description of the test 
that throws a spotlight on that area. 

Minute eccentricities occiu in the various rolls of the mill 
as it is set up even when the greatest care and skill is used. 
As these coincide and diverge, they give the mill a "pulse” 
that can be seen in the welding current or electrode pres¬ 
sure and can be recorded by oscillographic measurement. 
When the welding heat current is not properly adjusted, 
the minimum value of current during the pulse may be 
below the point where a complete weld occurs. The re¬ 
sult will be a short length of incomplete or faulty weld for 
each pulse. Magnaflux testing is very sensitive to this 
type of fault. Since the flaw may be a few thousandths of 
an inch long and occurs only once in 5 to 15 ft., a ma^a- 
flux test of a long piece is most satisfactory, since it yields 
a maximum amount of information on the extent, fre¬ 
quency and severity of the flaws. 

Another kind of trouble occasionally encountered, re¬ 
sults from wear of one roll in the forming mill. When 
such wear occurs, the flaw condition of the weld develops 
very slowly. In the course of this development, the weld 
goes from perfect to a condition which will cause it to 
fail in flattening in the as-welded state but stand the 
flattening test after normalizing, and finally to a condi¬ 
tion which will cause it to fail even after normalizing. 
In the early stages of development of trouble from this 
source, magnaflux testing is helpless to detect anything 
wrong because breaking will occur in the as-welded con¬ 
dition even before any definite flaw can be seen by micro¬ 
scopic examination. Even later, when the shape of the 
abutting edges has deteriorated to the point where the 
flaw may be an entrapment of foreign material of only 


Fig. 7—Photomiciogxaph Showi Submerged Oxide Inclusion 
Resulting from Roll Wear 

0.015 in. extent submerged 0.010 in. below the surface, 
the magnaflux method still will not detect it satisfactor¬ 
ily because a sufficient flux path exists to bridge the de¬ 
fective area. Consequently it is necessary to perform 
magnaflux tests alternately with flattening tests 
The result of the roll condition is shown in Figs. 7 and 
8. Measurements made on the photomicrograph in Fig. 
7 indicate that the dimensions are those mentioned 
above. The flattening failures which result from the 
flaw are shown in Fig. 8, with the as-welded specimen on 
the bottom and normalized specimen on the top. This 
photograph affords a striking comparison between the 
very noticeable failure in the as-welded condition and 
the flattening almost without any failure in the normal¬ 
ized sample. 

Fortunately, as shown in Fig. 8, the flattening test is 
very well suited to catch this condition. In the first 



Fig. 8—Photograph Shows Flattening Failures Which Resulted from the Kind of Flaw Depicted in Fig. 7. 
The Specimen at the Bottom in Each Pair Was Flattened in the "As-Welded" Condition While the Ones at 

the Top of Each Pair Were Normalized Prior to Flattening 
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place, the notch sensitivity of the as-welded material 
makes it possible to detect this condition before it has 
progressed far enough so as to affect the ability of the 
normalized tube to stand flattening. Thus the test ac¬ 
tually anticipates the occurrence of defects in the normal¬ 
ized tube and, since the roll wear and resulting trouble 
develops gradually over a period of hours, there is ample 
opportunity to rectify the condition before any tubing 
is produced which would show defects in the normalized 
state. In the second place, the trouble is due to a spe¬ 
cific roll so that the flaws caused by it will be spaced only 
a few feet apart and may be caught quite easily. 

An interesting sidelight on the combination of the re¬ 
sults of magnaflux and flattening tests is the reaction of 
the operators to a flattening failure with no magnaflux 
indication. They immediately know what changes to 
make, and in every case so far, these changes have cor¬ 
rected the difficulty. The combination of these two tests 
not only gives complete coverage of the possible outside 
flaws, but also makes possible a diagnosis of the trouble. 

A third kind of trouble occurs when the mill is being 
set up and the positional adjustmei^ of parts of the mill 
are incorrect. This will result in a weld which has a very 
small opening at the inside (split bead). As mentioned 
before, these defects do not yield a magnaflux indication 
which may be satisfactorily determined by inspection. 

Fortunately again, this defect is easily caught by de¬ 
structive testing. The flare test on the as-welded tube is 
very sensitive to it, and since the condition has been 
found to be persistent, it is quickly detected and the nec¬ 
essary adjustments are made. 

Figure 9 is a photomicrograph of the weld taken at the 
inside surface of the tube, showing this type of fl^w. 
Although the radial dimension of the flaw shown is very 
small, it will be detected by the flare test. 


Conclusions 

As the result of these studies, the testing procedure 
adopted consists of mamafluxing and flatten-flare testing 
alternate specimens off the mill. The magnaflux test 
inspects a long piece of tubing so that it covers at least 
one complete “pulse” of the system and catches all de¬ 
fects caused by that pulse. The flattening test on the 
notch-sensitive as-welded material provides an ultra 
sensitive test for the condition which results from wear, 
so that it will detect the condition before it has become a 
defect in the normalized tubing. The flare test catches 
the inside defects which may occur during setting up the 
mill as the result of the electrodes and squeeze rolls of the 
welder being out of mechanical adjustment. Each of 
these three tests have “blind spots” if used alone, but the 



Fig. 9—Shows Flaw at the Weld on the Inside Surface of the 
Tube 


blind spot of one iS the specialty of the next, and together 
they envelope the full range of possible mill trouble. 
Furthermore, they are so coordinated to mill operation 
that, by noting the relative indications of the three, in 
most cases it is possible not only to detect mill trouble, 
but also to diagnose and correct the trouble immediately. 
The result is that the detecting, diagnosing and correct¬ 
ing of trouble are accomplished quickly and the quality 
of the tubing leaving the mill is maintained at a uniform 
level so high that the rejections on the acceptance tests 
are altoge^er negligible, and there is no fear of what the 
acceptance tests may have missed. 

Acknowledgments 

The author acknowledges the helpful comments and 
suggestions received from H. D. Newell, Director of 
Research, during the course of this development, and 
the very helpful assistance given by Z. E. Olzak, Re¬ 
search Assistant, in working out the details of the method 
of quality control described in the paper. Also, for the 
cooperation of the personnel of the Welded Tube Divi¬ 
sion, Alliance, Ohio. 


THE WELDING JOURNAL 


810 


Digitized by LnOOQle 


SEPTEMBER 


Power 


for Welding 

By L. W. Qarkt 


M ost of the talks presented before our local sec¬ 
tion of the American Welding Society 
abound with such familiar welding terms as 
depth of penetration, heat-affected zone, austenitic steel, 
dendritic formations and others. If any of you here to¬ 
night are expecting such a discourse you are going to be 
disappointed. I do not expect to use any such terms and, 
furthermore, if any technical terms are needed they will 
be simple—simple electrical tferms. In fact, I think 
three—amperes, ohms and volts—should be adequate 
for presenting this discussion of power supply for resist¬ 
ance welders. 

In case there are some of us here who are not too elec¬ 
trically minded, it may be well to digress for just a mo¬ 
ment and compare an electrical system with the common 
and perhaps more familiar water system. In a water 
system the water flow is measured in terms of gallons of 
water per minute, whereas in the electrical system the 
current flow is measured in terms of amperes. Similarly, 
the water system has a certain size pipe, the diameter of 
which affects the resistance to the flow of water, whereas 
the electrical system has a' conductor through which the 
current is flowing and which presents a certain impedance 
(measured in ohms) to the flow of that current. The 
water system has pressure behind it tending to force the 
water ^ough the system and this pressure is expressed 
in terms of pounds per square inch, whereas in the elec¬ 
trical system the pressure behind the flow of current 
through the ohms impedance of the system is expressed 
in volts. 

The electrical load of a large resistance welder is usu¬ 
ally one of high magnitude, extremely short duration, 
intermittent in character, single phase and often of low 
power factor; and by a load of hiigh magnitude, I mean 
a load as great as 1000 kva. to 3000 kva. To give you a 
better idea of just what this means, we can point out in¬ 
numerable plants employing hundr^s, and in some cases 
thousands, of men, whose entire electrical plant require¬ 
ments do not exceed 2000 or 3000 kva., while here we 
have a single machine that has the same maximum load, 
but on an intermittent, short-duration basis. Is it any 
wonder that, at times, difficulties have been encountered 
in providing adequate power facilities for loads of this 
type? 

Lamp Flicker 

From the standpoint of the power company the prob¬ 
lem of serving a welder is basically that of carrying the 
fluctuating load without creating objectionable lamp 
flicker. The lamp flicker due to a wdder operation is 
caused by the voltage drop in the supply system due to 
the amperes flowing to the welder over the impedance of 
the system. If the voltage dip exceeds certain limits the 
resultant lamp flicker will be noticeable and objectionable. 

* A talk praented before the Detroit Sectioa, A.W.S.. January 6, 1046. 
Scheduled for Twenty-Sixth Annual Meeting, A.W.S., October 1045. 
t Plaaalng Engineer, The Detroit Edison Co. 


I am sure you have all seen instances of lamp flicker, 
probably in your own homes. In many cases ^ere is a 
slight dip in the lights when the refrigerator starts, the 
electric oven goes on, or perhaps the washing machine is 
started in the basement. Most of us pay little attention 
to it because we know it is our own equipment and house 
wiring that is the cause of the lamp flicker, but if this were 
to occur frequently from some unknown outside cause, 
most of us would complain about it to the power com¬ 
pany. Light flicker troubles on an electrical system 
can be compared with shower bath troubles in connection 
with the average household water system. How. many 
times have ea(^ of you settled down to an enjoyable 
shower bath when someone down in the kitchen opens 
the hot water faucet? The water turns cold and before 
the shower can be readjusted, the hot water is turned off 
again in the kitchen. On the electrical system the lights 
correspond with the shower and the welder with the use 
of water in the kitchen, and in both cases the supply 
conductor or water piping, as the case may be, must be 
adequate if the one use is not to disturb the other. 

Thus, the problem of supplying service to a welder is 
primarily one of connecting the welder to the supply sys¬ 
tem at some point where ^e impedance of the system is 
low enough so that the welder does not cause the lights 
of lighting customers fed from that portion of the system 
to flicker. Resistance welders can cause two types of 
lamp flicker. Single impulse machines such as spot, butt, 
flash or projection welders can cause noncyclic flickers 
that are usually repetitive in nature but follow a sort of 
hit-and-miss pattern with no degree of regularity. Seam 
welders or spot and projection welders equipped with pul¬ 
sation control can cause cyclic flickers that recur in rapid 
succession with fixed regularity. 

Noncyclic Flicker 

Noncyclic flickers that recur at irregular but fairly 
frequent intervals, as is the case when caused by weld¬ 
ers, are usually objectionable to most people if the lamp 
voltage drops more than 2 volts. There are a great many 
factors affecting the setting of this value as a permissible 
limit, such as size of lamp, type of lighting, sensitivity 
of different individuals, num^r of inffividuals affected, 
frequency of occurrence, presence of noise in the sur¬ 
roundings, etc., and so, wMe in general a 2-voIt limit is 
permissible, there may be cases where it can be raised to 
3 volts or it may have to be lowered to 1 or l*/j volts. In 
some borderline cases where complete correction would 
reqime a l^e investment, it may prove desirable to have 
a trial test installation set up before finally approving the 
job. 

CycUc Flicker 

Cyclic flickers, which recur at regular intervals, be¬ 
come evident and may prove objectionable whenever the 
rate exceeds 1 flicker per second. Here the borderline of 
objection follows a typical “V” curve, as shown in Fig. 1, 
dropping to a minimum of about Va-volt at the worst fre¬ 
quency of 7 or 8 flickers per second. Many seam welders 
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FLUCTUATIONS OR FLICKERS PER SECOND 
Fig. 1—Perminible Limita for Cychc and NoncycUc Flicker 

Operate at frequencies of from 1 to 4 cycles “on” and 
from 1 to 4 cycles “off” which is right in the cyclic range. 
Similarly, spot or projection welders equipped with pulsa¬ 
tion control to give a series of current pulses (so many 
cycles “on” and so many cycles “off”) may produce lamp 
flicker in the cyclic range. 

Even if the frequency of a specific pulsation weld is 
fairly high up on either side of the "V” curve it is quite 
likely that some time during the life of the installation 
the control will be changed and welds made at the worst 
frequency of some 7 or 8 pulses per second. Such a 
change in the frequency of pulsations can be easily made 
by a simple tiun of the control dial and so bring the opera¬ 
tion anywhere within the entire range of cyclic flicker. 
For this reason, where either seam welders or spot and 
projection welders with pulsation control are concerned, 
it is usually necessary to design the welder service so as 
to stay within the ^/j-v. limit. Again this V»‘Volt cyclic 
flicker limit must not be considered as exact and it may 
be adjusted slightly upward or downward as conditions 
dictate. 

The pulsations or interruptions are an accepted part 
of most seam-welding operations and it is claimed by 
some that it is necessary to utilize pulsation welding for 
certain difficult spot and projection welds. Sometimes 
the argument is aJso advanced that by adding pulsation 
control it is possible to make a given weld at a greatly re¬ 
duced kva. demand. Obviously if by so doing the de¬ 
mand is not reduced in a ratio greater than 4 to 1, it is 
seldom that anything has been gained as far as eflective 
reduction in lamp flicker is concerned and it is unusual 
when a reduction in demand of that much can be had by 
resort to pulsation welding. 

Eaxly Welder Trouble 

I would like to go back to the early thirties and tell you 
of our first experience with a really big welder. A large 
plant on the east side of Detroit installed a welder whi^ 
had a maximum kva. demand of some 4000 kva. and our 
first knowledge of the operation of this welder was 
through flicker complaints that originated in a large resi¬ 
dent!^ area served from the same substation that served 
the plant. If you remember the conditions back in 1931 
and 1932, you will recall that business was poor and as a 
result of this the load on the substation was not particu¬ 
larly large. We were thus able to temporarily divide the 
substation into two parts and pick up the welder on one- 
half of the substation and serve the lighting load of the 
area on the other half- This was a large sutetation, rep¬ 


resenting an investment of some $900,000, which meant 
that quite a sizable investment was tied up in providing 
service to a single machine. However, this permitted 
production to go on while the welder manufacturer de¬ 
signed and built a new machine that could do the same 
job with about one-third the disturbance effect on the 
system. 

It was then possible to serve this new machine along 
with other welding load with only one bus section in the 
substation segregated from the lighting load, rather 
than the entire h^ of the substation. I bdieve this was 
the first instance of establishing what we now call a 
“flicker bus” in a substation for serving fluctuating loads. 
Since that time, similar bus sections have been set aside 
in other substations for handling this type of load, always 
with the reservation that should the substation load in¬ 
crease to a point where all bus sections would be needed 
for the so-c^ed good or nonfluctuating loads, we might 
be forced to ask riie customer to put in corrective equip¬ 
ment so that the welders could be handled on regular bus 
sections along with lighting loads. Portunatdy, how¬ 
ever, this has not yet been necessary, due to the fact that 
as the so-called good load grew, so did the total of the 
fluctuating load and, in fact, it has been necessary in one 
case to set aside two bus sections as "flicker busses” in a 
single substation because of the rapid and substantial 
growth of the fluctuating type of load. 

Welder Operation 

Now let’s look at the problem from the standpoint of 
the welder itself. Again it is simply a matter of amperes, 
ohms and volts. It is necessary to keep the voltage 
at the welder within certain limits and not have too 
great a voltage drop when the amperes drawn by the 
welder flow over the impedance of the supply system. 
Fortunately the welding machine is not as critical as 
lighting when it comes to voltage changes and we can 
permit considerably more voltage drop at the machine 
itself than can be permitted on the system where lighting 
customers may be affected. The greater portion of this 
additional voltage drop will be in the stepdown trans¬ 
formers and low voltage feeder circuits in the plant. If 
there is only one machine on a plant circuit and there is a 
sufficient range of taps on the welding transformer it is 
sometimes possible to make the weld with 20, 30 and in 
some cases as much as 50% voltage drop. However, this 
is not to be recommended, and when there are two or 
more machines on a common circuit, it would be impos¬ 
sible to get consistently good welds with any such volt¬ 
age drops, due to the probability of machines “hitting” 
at the same time. 

Where there are not more than five or ten large ma¬ 
chines on a given circuit, and the material being welded 
is ordinary low-carbon steel with no unusual welding re¬ 
quirements, I would say that we had exceptionally good 
voltage conditions if the current drawn by the largest 
machine did not pull the voltage down by more than 5%; 
and reasonably good conditions if the drop did not exceed 
10%. Different types of welding and dffierent types of 
machines may require different limits but, in general, a 
10% value represents a reasonable design limit to work to. 

If we divide the supply system into three parts, we 
have: first, the utility power system—the incoming lines 
up to the customer’s plant; second, the stepdown trans¬ 
former bank; and, third, the low voltage bus or feeder 
leading directly to the machines, over ^ of which this 
total of 10% drop can be divided. The first step in pro¬ 
viding service to a welder is to find out from the power 
company representative how much drop the welder will 
cause in the utility lines. This is important on two 
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Fig. 2—Resistance Welders on a Power System 


counts: it not only gives a start in the design of the 
welder supply, but it also gives the utility engineer a 
chance to check the possible flicker effect on other neigh¬ 
boring customers. I cannot emphasize this point too 
strongly—always check with the power company before 
buying a new welder. 

The Utility System 

In discussing the power company’s portion of the sup¬ 
ply facilities, I would like to r^er to Fig. 2. This shows, 
in a very general way, the over-all range of welder de¬ 
mands that can be handled on the several portions of 
The Detroit Edison Company power system without 
causing objectionable lamp flicker. No two power sys¬ 
tems are alike and it should not be inferred that either 
the range of demands indicated or the locations referred 
to would apply to power systems in general. 

Starting at the upper left-hand comer of the chart there 
is a generating plant which feeds both a 120-kv. tower 
line and a 24-kv. transmission line. Actually there are 
four such generating plants tied into the system at either 
or both of these high-voltage levels. The 120-kv. tower 
line surrounds the greater Detroit area and along the 
way there are sever^ stepdown stations feeding the 24- 
kv. system. The 24-kv. lines extend throughout the en¬ 
tire territory except for one outlying district where the 
voltage is stepped up to 40 kv. Industrial and distribu¬ 
tion substations step the voltage down from either 24 kv. 
or 40 kv. to 4800 volts and distribution transformers lo¬ 
cated near the loads step it down still fiuther to 120/240 
volts. The 4800-volt and 120/240-volt wires are ^ose 
which we see in the alleys and easements back of our 
homes. They provide service to the residential and 
small commercial loads. If this were an equivalent 
wat^ system we might show the 120-kv. tower line as, 
say, a 6-ft. main, perhaps the 24-kv. line as a 2-ft. main, 
the 4800-volt lines as 8-in. pipes and the 120/240-volt 
lines as half-inch pipes. 

Thus in going from the top of the chart to the bottom, 
in other words from the higher to the lower voltages, the 
impedance of the system increases very materially just 
as the resistance to the flow of water increases for the 


smaller pipe. Similarly, in going from left to right on the 
chart which simulates getting farther from the power 
source at any given voltage level, the impedance again 
increases. 

Where the impedance of the supply system is low, that 
is, near large sources of power such as generating sta¬ 
tions, or large stepdown substations, large welders are 
easily served without exceeding the predetermined 
flicker limit. It is obvious, however, that as the imped¬ 
ance becomes greater either through stepping down to a 
lower voltage part of the system or through adding miles 
of line at any given voltage, the size of welder that can be 
handled without exceeding the flicker limit becomes 
smaller and smaller. 

In the case of large plants served at 24 kv. in estab¬ 
lished industrial areas, there is practically no problem as 
far as large welders are concerned. The welders can be 
connected right in with the rest of the plant load. Other 
large plants that may be served at 4800 volts, even in the 
same general location, cannot ordinarily handle as large 
welders because of the greater impedance, at the lower 
voltage level. Here it is sometimes possible, as previ¬ 
ously mentioned, to connect a 4800-volt line Serving only 
the one customer to a “flicker bus” in a 24,000/4800-volt 
distribution substation. Since there are no lighting cus¬ 
tomers on the “flicker bus” the permissible welder de¬ 
mand is limited only hy its affect on the 24-kv. system so 
that whether the plant is served at 24 kv. or from a 4800- 
volt “flicker bus,” resistance welders with kva. demands 
of the order of 1000 kva. to as high as 3000 kva. can 
readily be handled, as shown at the lower left comer of 
the chart. 

For the smaller plants in the industrial areas that are 
served in common with other customers from 4800-volt 
lines, if one is not to disturb the other, the permissible 
welder demand must be reduced to values of the order of 
200 to 500 kva. For similar plants in residential areas, 
away from the large stations, the size of welder that can 
be handled even on the 4800-volt lines is reduced to the 
order of 100 to 200 kva. Still farther out in the suburban 
area, the 4800-volt lines can accommodate welder de¬ 
mands in the range of only 50 to 100 kva. 

For the still smaller plants anywhere on the system 
that are served from the 240-volt lines, the permissible 
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welder demand is reduced to the order of 5 to 15 kva. 
To accommodate welders in these smaller plants, having 
240-volt service, there is an established policy of provid¬ 
ing special welding service, if needed, consisting of a 
separate distribution transformer for the welders, thus, 
in effect, connecting the welder load onto the 4800-volt 
system which can handle the larger demands. Figure 3 
shows a service of this type consisting of four 100-kva., 
4800/240-volt transformers connected in parallel. Two 
parallel cabled services keep the voltage drop between the 
transformers and the building entrance at a minimum. 

Where the 4800-volt system is not adequate to meet a 
given requirement, it then becomes necessary to serve 
the welders directly from the 24-kv. system in some way. 
Figures 4 and 5 show special services of this type. Fig¬ 
ure 4 shows a 24-kv., single-phase tap feeding a 1000-kva. 
transformer, stepping the voltage down from 24,000 to 
240 volts to serve the welders in a small suburban plant. 
This is a plant some 30 or 40 miles from Detroit with a 
load of 1600 to 2000 kva. served from the regular 4800- 
volt lines. The impedance at this fK)int on the 4800-volt 
system makes it necessary to limit the welder demand to 
about 200 kva. but by tapping into the 24-kv. system 
where the imp)edance is considerably less, welder demands 
of 800 kva. can be permitted. Figure 5 shows a 24-kv. 
tap station consisting of a 1000-kva., 24,000/480-volt 



Fig. 3—Four lOO-Kva, 4800/240-Volt Distribution Transformers 
Supplying a Separate Welding Service 


transformer with an undergroimd feed, pole-top switch 
and fuses, serving the welders in another small plant in 
an outlying semi-residential district where the 24-kv. lines 
are carried underground. This plant is relatively small 
and gets its norm^ service from the 240-volt lines. 

Stepdown Transformer Banks 

The second part of the welder supply system is the 
stepdown transformer bank on the customer’s premises 
or in his plant. The primary considerations here are 
those of impedance, size and location of transformer bank. 
The transformers should be of low impedance, adequate 
size and located as close to the welding operations as 



Fig. 4—Welding Substation, 1000 Kva., 24,000/240 Volts 
Single Phase 


practicable. For those interested in the technical details 
in regard to both the transformer bank and secondary bus 
and feeders I would like to refer to an A.I.E.E. Com¬ 
mittee Report, “Power Supply for Resistance-Welding 
Machines, Part III, Factory Wiring for Resistance Weld¬ 
ers.” This report gives complete information on how to 



Fig. 3—Welding Substation, 1000 Kva. 24,000/480 Volts Single 
Phase 
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select the proper size of transformers and how to design 
the low-voltage bus and feeders. 

Any discussion of the stepdown transformer is cer¬ 
tainly not complete without taking up the question of 
single-phase vs. three-phase connection. In most cases 
it will prove advantageous from the standpoint of the 
user of the equipment to use a single-phase transformer 
or if there is a bank of transformers to connect them in 
parallel, all on the one phase. Take, for example, a given 
welder and three single-phase transformers for stepping 
the voltage down from ^e incoming line voltage to the 
welder voltage. If these three transformers are con¬ 
nected in parallel on the one phase, there will be exactly 
one-half the voltage drop through the transformers as 
would be the case if the transformers were connected in 
a three-phase bank. Thus, it seems to me that where our 
problem is one of keeping the voltage drop at a minimum, 
we should certainly take advantage of the single-phase 
connection which cuts the transformer part of the drop 
exactly in half. 

From the standpoint of disturbance on the system, the 
welder is still a single-phase load and no matter how the 
transformers are connected, whether single or three 
phase, the welder will cause approximately the same lamp 
flicker disturbance on the supply systems ahead of the 
transformers. 

The usual reason for wanting to connect the trans¬ 
formers three phase from the unties standpoint is that 
this will tend to balance the load of a group of welders 
on the three phases from a thermal standpoint. However, 
it takes such a large group of welders to provide any 
appreciable amount of load, thermally speaking, that by 
the time this becomes an appreciable factor the welders 
are located far enough apart in the plant so that it is 
not economical to serve them from any one location. 
Thus the group in one part of the plant can be served 
from a single-phase transformer on the first phase and 
groups in the other parts of the plant can be sqrved from 
single-phase transformers on the second and th^ phases; 
thus retaining the advantage of the single-phase trans¬ 
former connection and still balancing the load, thermally, 
on the three phases as far as the utility system is con¬ 
cerned. 

Low-Voltage Bus and Feeders 

Starting with a total allowable drop of 10% and using 
up, say, 3% in the utilities’ lines, local conditions wifi 
determine how the remaining 7% should be divided be¬ 
tween the stepdown transformer bank and the low-volt¬ 
age bus or feeder. In some cases it may be economical 
to put more money into the transformer bank, keeping 
that part of the drop at a minimum, while in other cases 
it may be more economical to concentrate on the low- 
voltage bus, keeping that part of the drop at a minimum. 
It’s a simple matter of proper balance of over-all cost. 

We have seen how it is possible to reduce the drop 
through the transformer bank with only a change in con¬ 
nections. Now, coming to the low-voltage bus or circuit, 
there are equal or even greater possibilities for reducing 
the voltage drop at relatively little expense. While 
adequate conductor size is essential, it is equally impor¬ 
tant that the conductors be installed as close together as 
practicable. To illustrate this, consider a bus consist¬ 
ing of two ^/4 by 4-in. coppers per phase with 14 in. 
between phase centers. By simply rearranging the same 
copper and interleaving the copper bars on 1 in. centers 
the voltage drop over the bus for low power factor weld¬ 
ing current is reduced in the ratio of six to one. Where 
•we could reduce the transformer drop in the ratio of two 
to one by proper connection, here an even greater re¬ 


duction is obtained simply by rearrangement. The 
conductors should always be as close together as practic¬ 
able. 

Good and Poor Installations 

When it was first suggested that this talk be given it 
was requested that examples be cited of both good and 
poor welder supply installations enco^tered from time 
to time in plants around the system. Trying to think of 
some of the poor installations, again it has been neces¬ 
sary to go back several years as the more modem installa¬ 
tions are in almost all cases well laid out with adequate 
transformers and low impedance feeders. 

Some years ago in one of the large fabricating plants so 
much trouble was experienced in the welding department 
due to poor voltage conditions that the.customer decided 
to completely re-design the power supply system. It was 
planned to pick up large groups of wdders in their plant 
on separate single-phase buses, each fed from a stepdown 
transformer bank consisting of two 1000-kva. low imped¬ 
ance transformers in parallel. Each group of welders 
was connected to a different phase and the total welder 
load was balanced by connecting the separate single¬ 
phase transformer banks to different phases of the in¬ 
coming supply. This looked like a good design until it 
was discovered that the low-voltage bus had widely spaced 
phase coppers. Fortimately this was caught before it 
was installed and the copper rearranged to form an inter¬ 
leaved bus; thus giving them a good installation all the 
way through. 

In another case a plant having, some 35,000 or 40,000 
kva. of resistance welders was experiencing trouble in 
getting out production without an excessive number of 
rejects and asked that we increase the line capacity to the 
plant in order to improve the voltage at the machines. 
These particular welders were all fed over two 4800-volt 
underground lines from a "flicker bus" in a distribution 
substation about a mile distant. Before increasing 
the cable capacity to the plant we asked to make a study 
of the entire situation from source to load. It was found 
that conditions were bad, with voltage drops for the 
large machines in some cases as high as 40%. However, 
of this 40% drop there was foimd to be only 4% in the 
substation bus and 2% in the tmdergroimd cables while 
there was 25% in the stepdown tran^ormers, and about 
10% in the secondary feeders. It was thus easily seen 
that an increase in the number of underground cables 
would make practically no improvement in the end re¬ 
sults and that the best results for the least expenditure 
would be attained by changes in the stepdown trans¬ 
former bank and low-voltage feeders. This is very often 
the case when it is found that there is an excessive volt¬ 
age drop to a welder or a group of welders. 

Figure 6 shows how not to do the job—whether it is a 
job of watering the lawn or a production job in welding. 
In the case of the welder, the supply transformer is too 
small, the machine is located too far from the trans¬ 
former, the supply lines are too small and too widely 
spaced. The result is an expensive welding machine 
turning out more rejects than production. As compared 
■with tWs, Fig. 7 shows good practice on any job. The 
same machine with an ^equate supply, minimum dis¬ 
tance and heavy low impedance wiring, gives high pro¬ 
duction with few rejects. 

Welding Machines and Their Operation 

The design of the welding machine is important. 
The welding engineer is interested in obtaining a given 
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Fig. 6—How Not to Do the Job 

amount of welding current in a specified time in order to 
produce a good weld. We might think that all conven¬ 
tional machines capable of delivering this amount of 
current would take equal amounts of current from the 
supply lines. This is not true. The amoimt of current 
drawn from the supply lines, while dependent upon 
the amount of welding current, is also dependent upon 
the design of the machine itself. The machine with a 
compact secondary circuit and a small throat will take 
much less line current when delivering the same welding 
current than another machine with a larger secondary cir¬ 
cuit and oversize throat. So, while the welding engineer 
is interested in the amount of welding current the ma¬ 
chine can deliver, the plant engineer is concerned with 
the amount of current drawn from the lines and in pur¬ 
chasing a new machine he is certainly interested in 
getting the machine that takes the least amount of cur¬ 
rent from the lines. The welder manufacturers have 
done a great deal in recent years in improving their 
standard designs and increasing their efficiency in terms 
of ratio of input-to-output current. 

They have also done a good job in designing special 
machines wnth exceptionally low kva. demands. It is 
true that these special machines cost more money, but 
there are many locations especially in suburban areas 
where it is far more economical to put additional money 
into welding machines wnth low Wa. demands than it 
would be to bolster up the power system to handle con¬ 
ventional machines. The cost can be figured both ways, 
and in many cases it will be found desirable to buy the 
special machines. 

Among these special types of welders there is the stored 
energy welder, of both the magnetic and capacitance 
types, used primarily for welding aluminum but which 
can be used on light sections of ferrous metals. This 
welder presents practically no problem from the stand¬ 
point of power supply, although it does have the disad¬ 


vantage of being limited to spot-welding operations only. 
The series capacitor welder, on the other hand, covers the 
broader field of spot, projection, seam and fl^h welding 
with much lower demand than that of the conventional 
machine. More recently there has been developed the 
three-phase welder that utilizes electronic conversion to 
produce low-frequency pulsations in the welding circuit. 
Another relatively new machine in the field is the storage 
battery welder which shows considerable promise. 

All of these welders do a good job in reducing the 
amount of current drawn from the supply lines but they 
all cost more money than the conventional single-phase 
welder. We are often asked which of these machines is 
the easiest to serve. There is very little question but that 
the storage battery and the stored energy welders are in 
a class by themselves as far as their freedom from disturb¬ 
ing the power system is concerned. They would cer¬ 
tainly be first choice from that standpoint. Somewhat 
farther down the line is the series capacitor welder, next 
the electronic conversion welder and finally the conven¬ 
tional single-phase machine. 

The following simple analysis, summarized in Table 1, 


Table 1 

Three-phase 

Conventional Electronic Series Capacitor 
Single-phase Conversion Single-Phase 

A.-C. Welder Welder Welder 

Line current 5 12 

Line impedance 1 1 1 

Voltage flicker: 

1 X 1 X 1.73 - 1.73 
Reduce to noncyclic flicker X 4 

7 

5X1X2 - 10 2X1X2-4 
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gives an admittedly rough comparison between the con¬ 
ventional single-phase welder, Uie three-phase electronic 
conversion welder and the single-phase series capacitor 
welder. Published literature on the three-phase elec¬ 
tronic conversion welder states that the line current will 
be from V< to V# the line current of a conventional single¬ 
phase welder making the same weld. Calling this an av¬ 
erage of five units of current can be indicated for the 
conventional machine as compared with one unit of 
current for the three-phase machine. Similarly, a series 
capacitor machine will draw about 40% as much current 
as the conventional single-phase welder when making the 
same weld. So in this case only two units of current are 
required. 

Assuming the same line impedance in all cases, there 
are 10 units of flicker for the conventional single-phase 
welder, 1.73 units for the three-phase welder and 4 units 
for the series capacitor welder. However, the three- 
phase welder is pulsating and consequently the permis¬ 
sible flicker limit is only one-fourth as much as ^at for 
the other two machines which are of the single impulse 
type. It is therefore necessary to multiply 1.73 by 4 to 
get all three machines on the same basis from the stand¬ 
point of lamp flicker. Thus it is found that the three- 
phase welder will cause about 70% as much effective 


flicker and the series capacitor welder will cause about 
40% as much effective fficker as the conventional single¬ 
phase welder when served from the same supply facilities 
and making the same weld. It should be emph^ized that 
this is a very general comparison, neglecting such impor¬ 
tant factors as power factor of the load, the ratio of re¬ 
sistance to reactance of the supply system, and changes 
in wave form, all of which have an important bearing 
on the results achieved in a specific case. 

In conclusion I woxild like to express appreciation to the 
users of welding equipment in this area as well as to the 
manufacturers of that equipment. In practically all 
cases We have had 100% cooperation from both of these 
groups. In seeking improvement in the ways and means 
of serving a load which admittedly hasn’t been too easy 
to handle, the manufacturers have done an excellent job 
in improving their designs, both on the standard ma¬ 
chines and in the design of special low imput machines 
and, what I think is perhaps more important, they are 
now able to tell us in advance what a specific welder de¬ 
mand is going to be. This permits the user, the manu¬ 
facturer and the utility representatives to sit down 
around a table and mutually arrive at the most economi¬ 
cal and satisfactory way of serving a given welder at a 
specified location. 
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With Hard-Facing Rods of HAYNES Alloys 

Protect Other Metals 
From Wear . . . Erosion . . . 
Corrosion . . . Heat 


Select the Right Haynes Alloy 
for Your Job Requirements 


Haynes Cobalt-Base Alloys 

Haynes Stellite No. l...For coating surfaces sub¬ 
jected to severe abrasive wear and only sl^ht shock 
or Impact. 

Haynes Stellite No. 6...For coating surfaces sub¬ 
jected to abrasive wear accompanied by consider¬ 
able Impact. For edges of hot-work dies* and for 
valves of all kinds. 

Haynes Stellite No. 12 ... For coating surfaces 
subjected to severe wear with enough impact to 
require more toughness than is possessed by No. 1. 

Haynes Nickel-Base Alloys 

Hastelloy B ... For valves, pump parts and other 
equipment handling hydrochloric add, aluminum' 
chloride, and many other corrosives. 

Hastelloy G...For surfaces subjected to heat and 
abrasion, particularly where **heat checking** is a 
problem. Also for parts subjected to corrosion. 

Hastelloy D...For parts subjected to abrasion as 
well as certain types of corrosion. 


Haynes Tungsten-Base Alloy 

Haystellitb .. .Where utmost resistance to abra¬ 
sion is necessary, such as mining and oil well 
drilling tools. 

Haynes Iron-Base Alloys 

Haynes Stellite **93'*...For applications where 
high cold hardness is necessary and corrosion is 
not an important factor. 

Hascrome ... For surfaces subjected to abrasive 
wear and severe impact. Makes a good base for sub¬ 
sequent coatings of Haynes Stellite alloys because 
it resists the mushrooming effect of impact. 

Send for the Price List of Haynes Hard-Fadng 
products. Consult the nearest District Office for 
ei^ineering help in the use of hard-facing materials. 

Haynes Stellite Company 

Unit of Union Carbide and Carbon Corporation 

[TTIi 

General Office and Works, Kokomo, Ind. 

ChioaSo—Cleveland— Detroit—Honeton—Loe AaSelea-New York- 
San Francieoo-Tulea 

The worde “Haynei*', “Stellite”, “Haetelloy”, “Heratellite’’ and 
“Haeerome” diitinduieh prodoots of Haynea Stellite Company. 
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A Machine for Production Flame 
Cutting of Small Shapes 

By E. E. Halt* 


T here has recently been installed in the Ordnance 
Division of the John Inglis Co., Ltd., Toronto, 
Ontario, an eight-torch flame-cutting machine in 
which all operations, after the multi-component bars are 
placed on the machine, are mechanically carried out. 
That is, the locating, cutting, ejection of cut components, 
and positioning of the bars for the next cut, and the con¬ 
veying of the cut components to a point where they may 
be shoveled into skids for transporting to the next opera¬ 
tion, are mechanically carried out. Figure is a photo¬ 
graph of the original model made up to prove the draw¬ 
ings prior to manufacture of the machine. Figures 1, 2 
and 3 give general views of the machine, and Fig. 4 
a drawing of the four components cut on the machine to 
the same scale, and the savings produced on the basis 
noted for each in 4A . 

This discussion will be limited to shapes of up to 3 X 
7 X 24 in. or thus, small shapes. 

There are two t)T>es of material which may be used for 
flame cutting: (A) Plate; (B) Bar Stock of such size 
that the edges are used as one face of the component. 
The cost per pound is approximately the same. 

The advantage of Plate is as follows: 

1. Expensive locating means are not required, or in 
the alternative, the expenditure of much time to locate a 
bar for each cut. This is due to the fact that ordinarily 
in plate the component is cut all the way around the 
shape, by the flame, and thus the accurate location of the 
edge in relation to the torch and the template is not im¬ 
portant. 

The advantage of Bar Stock is as follows: 

1. It is often possible to leave one edge of the bar as 
an edge of the component, at a saving of from 0.13-0.75fi 
per inch of cut, and also produce a superior spotting face 
for the first machining operation. 

* Material Standards, John Inglis Co., Ltd., Ordnance Division. 



Fig. A 



Fig. 1 


2. A large saving in weight of raw stock required for 
the production of a given shape is almost always possible 
in the case of a correctly chosen bar, as against plate. 
This is extremely important in the case of gun steels 
which may contain up to 3 Vj% of nickel, and may cost 
up to 10^ per pound. The cost of the steel will usually 
greatly outweigh the cost of the cutting. 

3. Greater accuracy is often possible, as for many 
dimensions only one flame-cut edge is involved, instead 
of two in the case of plate. 

4. Many shops are not equipped to handle large and 
heavy plates. 

Where up to two or three hundred components are in¬ 
volved it is usual, providing facilities are available, to 
choose plate. Where a few thousand are involved, bar 
stock is used, with some simple means of hand locating 
the stock. '\^ere very large quantities are involved it 
would appear that bar stock would usually be chosen, 
and some more elaborate means of handling the stock 
developed. The following is an effort to accomplish this 
latter objective for small components. 

One of the obviously wasteful features of the standard 
single-torch flame cutter is that only one piece is being 
cut at one time. In order to overcome this difi&culty the 
use of an eight-torch pantograph frame flame-cutting 
unit was suggested. This unit, a standard piece of 
equipment, - possesses a torch holding bar 12 ft. long 
whi<^ permits spacing the torches at 15-in. centers. It is 
equipped with a pipe type gas manifold as illustrated 
in Fig. 1, item 1. Approximately equal length rubber 
hose leads would thus extend to each torch with equal 
line drop to each torch and thus similar gas conditions 
at each cutting tip. The pantograph assembly was such 
that a useful movement at right angles to the torch bar 
of approximately 60 in. with at the same time a parallel 
movement of 7 in. was obtained. Thus a bar 7 x 60 in. 
could be cut under each of the torches. While no definite 
decision could be reached it was felt by all concerned that 
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eight torches represented a reasonable compromise be¬ 
tween the conflicting factors of maximum number of 
simultaneous cuts and increasing loss per torch due to 
the need of cleaning any one of the torches. That is, 
there are eight factors to tie up the machine instead of 
one. The torch holding bar is moved during operation 
by a magnetic motor-operated variable speed tracer, 
item 9, Fig. 6. 

► The gas supply to the torches is controlled by bar 2, 
Fig. 1. Caras fixed on this bar open in turn, as the bar is 
rotated, spring-loaded valves at 3, Fig. 1, which supply 
first an extra blast of illuminating gas to the pilot lights, 
then preheat oxygen and acetylene and then the cutting 
oxygen. In order to provide individual control of the 



Fig. 3 


cutting oxygen to each of the torches, electromagnetic 
valves, item 4, Fig. 1, were installed in each of the cutting 
oxygen torch leads. These may be controlled in a group 
by switch 1, Fig. 2, which also controls the tracer motor, 
and thus allows the cutting oxygen and the tracer motor 
to be started simultaneously from one switch, or indi¬ 
vidually by the eight torches, item 5, Fig. 1, thus allowing 
any or all of the torches to be operated at one time. This 
latter device is handy if one of the torches fails to start 
cutting at the right time. Oxygen for the operation is 
obtained from a distribution system in the plant. Gas is 
fed into this system’ from carriers holding approximately 
32 cylinders. Acetylene is also obtain^ from a plant 
distribution system, which system obtains its supply from 
generators utilizing calcium carbide. Oxygen is sup- 
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Actual Production/hr 

1 operator & 1 helper 

Oxygen/compon ent 

c.f • 

Acetylene/component 

c.f. 

Gas Cost/component 

1 

Labor cost/component 
Including overhead 

$ 

Cost of Drilling 

Starting Holes 
$ 

Cost of Component 
not incl. Material 
$ 

Cost of Extra Material 
for Flame Cutting over 
Forging - $ 

Flame Cutting Cost on 
same basis as Foring 
$ 

Cost of Forging 
not incl.Material - 3 

Saving by Flame-Cutting 
$/ Component 

Production to date 
by this method on 

8-torch machine 

Gross saving to Oct/44 
by using S-torch 

Machine - $ 
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X This is a 2 piece 
component. Production 
of 2 pee blanks - 180/hr. 


■ These two operations 
were cancelled before 
substantial production was started. 


Gross Saving .. 1H09«000 


It is estimated that the cost of cutting on a single torch machine 
equipped with locating means would cost three times the amount on the 8-torch 
machine, and that four machines at least would be required. The saving 

by cutting the above production on the 8-torch machine, is thus $34,000.00. 
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plied at 120-140 psi., and acetylene at 13 psi. This 
machine was purchased as offered. 

The other major and obvious loss factors in many 
flame-cutting units are: 

(а) For bar stock: Lost time in manually or semi- 

manually locating the stock. 

(б) For both bar stock and plate: Lost time in clear¬ 

ing the machine of cut components and, in some 
cases, also of scrap. 

To overcome (o) it was decided to carry the stock on a 
trolley, item 5, Fig. 2, which trolley was moimted on 
rails, item 4, Fig. 2, at 12>ft. centers set at right angles to 
the torch bar. The trolley carries a light frame, item 8, 
Fig. 1, bolted to it, which constitutes the cutting channels 
them^ves, with the template at one end of tUs frame, 
item 8, Fig. 6. The stock is placed on the trolley from 
the front with the trolley as far forward as it may be 
moved. This is the last time the stock is touched manu¬ 
ally. Forward ram-operated slides, item 1, Fig. 5, or 
item 6, Fig. 1, are then pushed out by operating air valve, 
10, Fig. 6, on the main control boa^. For locating the 
trolley with all cutting positions in a line parallel to the 
line of the torch bar, two heavy fixed frames are pro¬ 
vided, item 2, Fig. 2, and item 1, Fig. 7, being the frame 
on the operator’s side of the trolley. On each of these 
frames are located accurately drilled plates, item 2, Fig. 
7. Two large air rams, item 3, Fig. 7, are located on the 
trolley to drive pins into the drilled holes and fix the 
trolley position. At the back of the trolley is located a 
fixed frame, item 7, Fig. 1, or item 1, Fig. 3, carrying 
pu^er bars. These pusher bars are equipped with air 
rams to free them in their longitudinal direction, and are 
also equipped with springs in the longitudinal direction, 


Fig. 6 

which when depressed will exert substantial pressure in 
that direction. With the stock on the trolley and the 
forward locators extended as above described, the rear 
locators are freed by operating their air rams through 
valve i, Fig. 6. The trolley is run back until the trolley 
locating pins contact the first drilled holes in the side 
plates. In the process of moving the trolley back the 
stock is pushed against the freed rear locators which are 
partly depressed, and develop through their longitudinal 
springs, pressure to drive the stock forward against the 
forward locator slides. The front ends of the bars are 
thus in line with the torch bar, the rear locators taking 
up the bar length tolerance. The rear locators are then 
locked by releasing the vertical air rams, springs being 
provided inside the rams for this piupose. The forward 
slides are then withdrawn by the spring in the forward 
rams (occasionally a tap by the helper is also required). 
The trolley is operated by a motor operating through a 
reducer and driving a shaft carrying at either end a pinion 
which operates in chains, which are in turn held on the 
fixed side-locator frames. This may be open to criticism 
as representing.a fixed drive from two points, but it has 
the very necessary effect of assuring practically simul¬ 
taneous location of the two trolley locating pins. The 
drive is shown in Fig. 7. When the trolley pin on the 
operator’s side is raised it contacts the limit switch, item 
4, Fig. 7, which starts the trolley motor, driving the trol¬ 
ley in either direction—controlled by switch 2, Fig. 6. 
The motor will continue to operate until the locator pin is 
depressed and the limit switch released. This will 
happen when the locator pin controlling the limit switch 
drops into a hole. Thus, to operate the trolley, valve 3, 
Fig. 6, is closed, and heavy springs in the troUey locator 
rams raise the pins, thus starting the motor through the 
limit switch. When the trolley has passed the holes in 
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the side plates the valve is again opened, but the plates 
prevent the pins from dropping enough to release the 
limit switch, and the trolley continues until the pins 
drop into the next holes, thus automatically locating the 
trolley. When a group of components have been cut, 
the trolley is moved back in the manner just described, 
by an amount equal to the length of the bar just cut—for 
instance, the 9-in. length in Fig. 7 and in Fig. 8. The 
moving back of the trolley, due to the fact that the rear 
locators are now fixed, results in pushing all the bars 
forward an amount equal to the amount that the trolley 
is moved back, thus ejecting the cut components onto the’ 
pallet conveyor, item 2, Fig. 5, and bringing the stock 
automatically into position for the cutting of another 
similar group of components. The cut components are 
transported to the side of the machine by the conveyor, 
from which they are shoveled into a skid by the helper 
and trucked away. Question might be raised as to why 
it was decided to move the cutting frame instead of the 
unit supporting the rear locators. This was done be¬ 
cause: 

1. The cutting frame being heavier by nature than 
the rear frame, and also larger, it was more easily 
controlled on the tracks. It is of paramount im¬ 
portance that the moving unit move in a direction 
parallel to a close accuracy with the torch bar. 

2. The facilities for handling and storing stock in the 
plant did not lend then:^ves to the use of bars 
longer than 60 in. due to weight. Thus, while 
moving the rear locators would have permitted the 
use of longer bars, this was not possible in this 
plant in any case. The writer questions whether 
the use of longer and heavier bars than could be 
handled by one man would ever be justified. 

“B” 

The main item in Loss Factor (&) is the location of the 
side faces of the stock, which problem was handled as 
follows. A center line was pla(^ on each cutting chan¬ 
nel and the various side locating blocks, items 3, Fig. 5, 
laid out from this line. A hole, item 4, Fig. 5, capable of 
holding the end of the torch tip was then drilled on each 
of the center lines at a definite position with regard to the 
stops. Another hole, item 4, Fig. 6, was drilled to take 
the tracer pin in the template, which bore the same rela¬ 
tionship to the template as the previously drilled torch 
holes (hd to the cutting channel stops. It is therefore 
possible, by lining up the ei^t tonnes and the tracer 
simultaneously in their respective holes, to assure, if 
stock be held tightly against the correct stops, that the 
eight torches will cut eight pieces identical to the tem- 
p^te being used, within the tolerance of the machine (as 
hereinafter). On three of the foiu components cut, the 
fairly wide rolling tolerance in width of the bar is elimi¬ 
nate in all dimensions of the component but one, by 
spotting from one face and cutting one component and 
then moving the bar over and spotting from the opposite 
face, for cutting the meshing component—this being done 
on a second template plate related to the second set of 
spotting blocks—see Figs. 5 and 6. Where inside boles 
are cut (as well as an outside cut) a second hole-template 


is provided, in addition to the template for the outside 
cut, both sets of templates being related similarly to 
their respective stops. In drilling the bar for the holes, 
the bar is similarly moved from side to side when the 
holes are drilled; thus regardless of the bar dimensions 
the holes always are the same distance in from the con¬ 
trolling spotting face of the component to which they re¬ 
fer. The stock is moved from side to side by two rows of 
air rams operating in each direction, see Fig. 1. It will 
be noted that these rams may be moved so ^at they will 
op^te at any point on the troUey at which they are re¬ 
quired. They are controlled by the four valves on the 
main control board shown in Fig. 6, items 5. Air-oper¬ 
ated switches are provided in the troUey motor circuit to 
prevent the trolley moving if any of the stock rams are 
operating, and in the tracer motor circuit to prevent the 
tracer operating if none of the rams are operating when 
the stock would not be against the stops. Green signal 
lights are installed, item 6, Fig. 6, operated by limit 
switches, which light when the trolley locator rams, item 
3, Fig. 7, and item 9, Fig. 1, are fully in the locating holes, 
and thus it is safe for the operator to proceed with tile cut. 
Operating in conjunction with the pressure cutout 
switches on the tracer motor previously mentioned, are 
two green indicator lights mounted on the template, 
which indicate which template plate should be used, 
that is, against which set of spotting blocks the stock is 
being pu^ed. These are not shown in the photographs. 

Scrap is disposed of through openings cut in the cutting 
channds, and falls into a slag car below, which is partially 
filled with water and thus quenches ^e slag and scrap 
metal. This is shown in Figs. 2 and 5. A light spray is 
provided, item 7, Fig. 6, bemg the one end of the spray 
pipe, which effectively cools the trolley. A drain-off 
vkive is used in the bottom of the slag car to drain off 
surplus water into an open drain arotmd the car, which 
drain also catches any surplus water from the spray. 
These two means serve greatly to reduce the very exces¬ 
sive heat often noted around flame-cutting machines and 
which largely originates in the hot slag and scrap. 

Cutting Toleremces 

Table 1 gives the tolerances which have been found to 
exist in the cutting which has been done to date on this 
machine. These tolerances are, of course, those which 
exist with fair to good operators, and torches have been 
adjusted to bring the tips into the torch location holes 
accurately. They, of course, do not apply if the torches 
are btunped so as to throw out this adjustment and are 
not readjusted. The operators must be instructed to 
check their torches whenever a severe bump occurs. 
They should also be supplied with high and low gages 
for ^e piece to be cut. 


Stock 

Thickness, 

Cut Ot Hole 

Table 1 

Variation in Position of 
Flame-cut Edge from 

Max. Depth 
of Surface 

In. 

Diam. in Tip 

Nominal Position 

Corrugations 

0.625 

0.020 

Plus or minus 0.010 

0.010 

0.760 

0.036 

Plus or minus 0.015 

0.015 

1 

0.052 

Plus or minus 0.020 

0.030 

2 

0.070 

Plus or minus 0.030 

0.045 


These are the tolerances for one line produced by the 
torch. Where a dimension is measured between two 
flame-cut edges, twice these tolerances are the tolerances 
of the dimension. 

Where the dimension is from a rolled to a flame-cut 
edge, the above tolerances apply to the dimensions. 
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Width of Cnt and Flames Used 

Following are the widths of cuts which have been found 
to exist in ^e fotu* pieces cut on the machine, and the tips 
and their orifice dimensions. In all cases it has been 
found advisable to cut down the preheat flames to the 
minimum that the cutting flames used will permit. It 
will also be noted that the pressures used are somewhat 
in excess of those normally recommended. It has been 
found that the greater pressures tended to blow the slag 
clear of the work, with the result that it is now not neces¬ 
sary to clean the components after cutting. 


Tabu 2 



Stock 

Cut Os 
Hole 

Cut 

Speed 

Width 

Preheat 

Part 

Thickness, 

Diam., 

Pres., 

Cut, 

of Cut, 

Time, 

No. 

In. 

In. 

Lb. 

In. 

In. 

Min. 

B-1015 

0.626 

0.029 

40 

12.5 

0.063 

0.20 

B-1962 

0.760 

0.036 

40 

12 

0.090 

0.25 

B-1933 

1.125 

0.052 

62 

12 

0.126 

0.25 

2502 

2.032 

0.070 

70 

7 

0.234 

0.33 


Material for Use on Machine 

Where material is to be used for flame cutting, it has 
been found that the following precautions are desirable. 

1. It should have good surface conditions, i.e., it 
should be free from undesirable surface pitting, rounded 
comers, crowning, etc. This is specified so that the 
material will not be so poor in quality, dimensionally, as 
to require such a stock removal to clean up, that the good 
cutting tolerances are rendered of no value. 

2. It should be pickled so as to remove all scale prior 
to cutting. This may be done at the supplier’s plant or 
on the premises. Moderate rusting does not seem to 
unduly interfere with cutting, but scale cracking off from 
the surface and entering and plugging the tips causes 
much waste of time. The small cost of pickling is amply 
justified by the results obtained. 

3. If ^e stock is over 0.40% carbon, it should be 
ordered with a provision that total decarburization 
should not exceed 0.006 in. per si4e. This specification 
was introduced following the developing of the cutting 
technique for B-1915, Fig. 4, item 4, in which it was foimd 
that decarburization in excess of the above amount 
caused an intolerable slag adherence to that S.A.E. 1075 
steel. The writer feels that this discovery, which was 
made by the Metallurgy Department of this company, is 
exceedingly important and is fully discussed in an article 
by Mr. J. K. Magor of that department appearing in the 
February 1945 issue of Canadian Metals & Metallurgical 
Industries magazine. 

Minimum Comer Radius 

The minimum radius which may be cut is dependent 
upon two factors: 

1. The radius of an internal change of direction must 
be: 

(o) For Vw'io* Diam. Tracer—V m in. + Vw in.> 
or V «2 in. min . 

(b) For Vs-in. Diam. Tracer—V* in. + Vs in., 
or Vs in. min. 


in order that the magnetic roller will not lock in this 
radius and slip. 

2. As the thickness of the metal being cut, increases, 
the concentration of flame and slag in one area, due to 
heavier flame, tends to increase for any given comer 
radius, resulting in “blows” being produced if this radius 
is too small. 

Experimental work, and experience in this plant, has 
been very limited to date, but we have, however, found 
so far that: 

(o) The minimum condition in 1 (a), above, controls 
for B-1915 and B-1962 (Vs in. and Vs in. thick) 
which are cut with ^/le-in. diameter tracers. 

(5) The minimum condition in 1 (6) controls for B-1933 
(iVs in. thick) cut with Vs-in. diameter tracer, 
(c) The minimum radius for 2502 (2.032 in. thick) has 
turned out to be Vs in., however, instead of Vs in. 
as would apply to the Vs'in. tracer used. This 
was due to troublesome “blows” being created 
by the Vs-in. diameter radius. 

The Economic Position of This Type of Machine 

The cost of the machine as described herein was 
approximately $14,000 plus initial adjustment and ex¬ 
perimental costs of possibly $6000 over a three-month 
period. These would probably be much lower in any 
subsequent machine. 

It be noted from Fig. 4 that the savings in the first 
six months of operation of this machine (only three 
months of which were at full production, due to the proj¬ 
ect for which three of the parts were destined, being in 
the tool-proving stage only, during the first three months) 
amount^ to $109,000 as compared with the cost of the 
forgings,-which in the case of the two bodies they replaced 
and in the case of the two other pieces, would have been 
the alternative design ^ It will also 1^ noted that the 
saving over the use of a single torch unit (utilizing an 
estimate only) for the Bren Body amounted to $34,000— 
not including the possible three machines which would 
have been required for the production in question, and 
which would have cost around $7000. Production has 
been found to run at approximately 55 to 60% of the 
theoretical figure which would be derived by totaling 
cutting time, preheat time, template tracer movi^ 
time, and stock dection and loading time. About 25% 
of the 40 to 45% of lost time may be ascribed to tip 
cleaning, and the rest to operator inefficiency. This 
figure is similar to many machining operations at the 
present time. 

It would appear, therefore, that where the shape is 
small and flat, or sufficiently dose to flat that little or no 
extra machining would be required if it were flat, and 
where material flow lines are not a critical consideration, 
and where the production is suffidently large to readily 
absorb the tooling expense of about $400 per component 
cut, and the capital cost of the machine, flame cutting, 
utilizing a machine of design similar to the one herein 
described, should be considered. If the quantity is 
small, a less expensive flame cutter and setup should be 
used, utilizing bar stock or plate as the shape and quan¬ 
tity warrants. 

In dosing, the writer would like to acknowledge the 
cooperation which he has received in this development, 
from Mr. R. S. Dunn of the Canadian Liquid Air Co., 
Ltd. 
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With plumed hat and sweeping dress, this Gibson Girl contrasts 
sharply with today's smart miss ... Yet, she is no more behind 
the times than many fabrication methods still in use when com* 
pared with modern Unamatic Arc Welding processes. 

You might find it well worth while to compare the speed, cost, 
and quality of Unamatic Arc Welding, which includes equipment, 
wire and fluxes, with the fabricating method now being used in 
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Arc-Welding Engineering Problems 

and Engineers* 

By Walter I. Brooking^ 


W ITH the increase in the use of the arc-welding 
process for the manufacture of machinery and 
equipment during the past few years and es¬ 
pecially augmented by the production of large amounts 
of equipment for military purposes by arc welding, the 
problem of training capable specialists for welding con¬ 
trol and processing has become of increasing interest to 
the industry. 

The ftmdamental idea of welding engineering is that 
by scientific, objective study and evaluation of the ele¬ 
ments of a situation, a choice may be made or a method 
may be developed which can be demonstrated to be suf¬ 
ficiently better than other possible choices or processes 
so that it presents an economic margin either in cost or 
quality of product. 

Many of the problems encotmtered in a manufacturing 
organization which produces the heavy earthmoving 
equipment unit shown in Fig. 1 on a mass production 
b^is are somewhat different perhaps from the manufac¬ 
turer of airplane fuselages, or the manufacturer of ships; 
and the problem of any of these mass production shops 
is naturally different from the organization who operates 
as a large job shop producing special machinery built to 
special order. 

However, large mass production producers of welded 
equipment encotmter many of the same problems as does 
the specialized job shop if they build special shop machin¬ 
ery or fixtures such as the special sheave pin drilling 
machine shown in Fig. 2. The designing, engineering and 
manufacture of these special shop units bring about prob¬ 
lems which are in many respects the same problems that 
are faced by the large job shop. 

* Presented before Milwaukee Section, A.W.S. A more complete coverage 
of the problema given in thia paper can be found in a recent book by the author 
published by McGraw-Hill Bme Co. entitled Are Wtldint Bnginttrint and Pro¬ 
duction Control. 

t Director of Testing and Research, R. G. LeToumeau, Inc., Peoria, III. 



tig. 1—^Ezanples of Modern Mass Production of Arc-Welded 
Equipment 


These wheel type tractors and earthmoving scrapers are pro¬ 
duced in lots oi 100 or more per order by specialized workmen on 
modem manufacturing and assembly lines. 



Fig. 2—Mass Producers oi Arc-Welded products have Many 

Typical "Job Shop" Jobs If They Build Their Own Special 

E^pment. This Unit Was Designed to Drill Sheave Pins 
Semiautomatically 

In considering the work of the welding engineer one 
thing must be kept in mind above all others, namely, that 
all of the various fields of operation which might be 
considered to be welding engineering added together form 
a series of activities and a group of problems and details 
which are beyond the scope of one individual man in 
anything but the very sm^est of organizations. How¬ 
ever, these various fidds in some organizations may be 
somewhat centered around one man or a very small group 
of men; and in some others quite widely shared by many 
people in the organization. A gener^ analysis of the 
operations and functions which must be performed in the 
production of welded equipment either on a mass pro¬ 
duction scale, or on the job shop operation scale will tend 
to illustrate the welding engineering ftmctions which 
someone in the organization should know and should be 
able to perform. 

It should be borne in mind continually that the fields 
of operation are described not as the work which one man 
should do; but rather as a description of the functions 
which have to be done. 

With this in mind the following list of general opera¬ 
tions and problems of organization which must be dealt 
with occur in arc-welded production. 

1. Evaluate and select welding processes, machines 

and equipment. 

2. Evaluate and select appropriate welding elec¬ 

trodes for all processing done in the plant. 

3. Examine and evaluate welding operators seeking 

employment. 
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4. Train and adapt welders to the company’s special 

processes. 

5. Correlate welding design with practical shop 

practice and*available shop equipment. 

6. Create production fixtures for welding (setting 

up and positioning for welding). 

7. Establish the general procedures for welding the 

company’s products. 

8. Establish production control of procedures in de¬ 

tail. 

9. Establish quality control (inspection). 

10. Keep abreast of practices and processes in the 

industry so as to keep the company’s processing 

up to date. 

In looking over and thinking about these ten fields of 
activity it is obvious that they are beyond the ability of 
any one man in any manufacturing organization of any 
size: but an analysis of personnel available compared to 
the functions involved indicate related functions, where 
special talents on the part of personnel will allow them to 
assume certain of these responsibilities. 

The selection of any portion of this group and estab¬ 
lishing it as the special work of one person called a weld¬ 
ing engineer and applying that particular selection of 
duties to the profession of welding engineer for all or 
ganizations would be a completely impossible plan. How¬ 
ever, the function served by a welding engineer in an or¬ 
ganization will certainly include some of the ten general 
fields, and perhaps a portion of all of them integrated with 
other departments and personalities in the organization. 

With this in mind as the broad welding engineer’s job 
it may be assumed that some welding engineers might 
perform certain of these functions and that other 
engineers will perform the remainder. An analysis of 
the duties involved in each of the ten groups will now be 
undertaken. 


Evcduating and Selecting Welding Processes, Machines 
and Eq[uipment 

The fundamental decision having been made by an or¬ 
ganization to manufacture by the arc-welded method 
there are still problems to be solved as to what type of 
welding machine and equipment should be used. 

The question as to whether a.-c. of d.-c. machines 
should be purchased for the company’s product is one 
which is strictly a welding engineering problem. Some¬ 
one in the organization must know or find out, based on 
a study of material, power, type of welded product, etc., 



Fig. 3—The Selection of the Best Type of Welding Equipment 
for This Type of Mass Production Job Is a Problem in Welding 
Engineering 


whether the use of alternating current from a transformer 
type welding machine such as is used by the welder in 
Fig. 3 for the mass production of a part of a heavy earth- 
moving machine; or whether a motor-generator type 
d.-c. welding machine is more practical for that particular 
organization. 

A study of the question as to whether parts of the 
manufacturing process might better be done by automa¬ 
tic welding or manual welding also is a welding engineer¬ 
ing problem. 

After the decision as to the type of machine to be used 
has been made, the problem of selecting from the avail¬ 
able sources the particular machine which shall be used in 
the plant or the best machine to replace such machines 
such as are already in the plant when they become 
obsolete is another problem of welding engineering. 

The determination of the size (or capacity) of the ma¬ 
chine is also a decision which should made, consider¬ 
ing the type of work which is going to be done, the va¬ 
riety of work which the machine will have to do with spe¬ 
cial attention to variety of size and type of electrodes and 
relative continuity of use (50 min. |>er hour for 24 hr. a 
day and 30 min. per hour for shorter hours per day). 

In order comparatively to test and evaluate machines 
within a group of fundamental types (a.-c. transformer 
or d.-c. motor generator) or (automatic welding) the 
man who does this work need not necessarily be a full- 
fledged electrical engineer although certain considerations 
of power consumption, fundamental efficiency and equip¬ 
ment investment require an analysis which is of a rather 
technical nature. 

The actual comparison of machines within a group, the 
process of comparatively testing them on the basis of 
operation, operating characteristics, over-all efficiency, 
and probably satisfactory service may best be accom¬ 
plished by objective comparative tests, plus examina¬ 
tions of the machines from the mechanical standpoint. 

Such tests should always include actual deposition 
tests in which a certain number of electrodes or quantity 
of welding is done under controlled conditions. When¬ 
ever possible they should also include careful over-all 
consumption studies using a recording kilowatt meter or 
some o^ber means of determining the amount of power 
used, and the amount of time (labor) required to do a cer¬ 
tain job of deposition of metal. 

Such tests should also include a study of the extremes 
in setting and operating of the machines such as the 
lowest amperage possible to obtain and therefore the 
smallest electrode usable as well as the characteristics of 
the reaction of the machine at very low settings or very 
high settings. 

Another thing which the recording kilowatt meter may 
be used to describe is the speed with which a welding 
machine may be brought to its welding efficiency after 
the arc has been struck, compared to another machine. 
Figure 4 shows such a recording of the arc-striking char¬ 
acteristics of three separate machines and demonstrates 
a very noticeable difference between them. 

Other equipment besides welding machines also must 
be selected and evaluated such as hoods, cover glasses 
electrode holders, cables cleaning brushes and slagging 
tools. 

Methods of grounding welding machines, and installa¬ 
tion of the ground and arrangement of machines in the 
factory proper for efficient welding are also related prob¬ 
lems requiring study. These problems are all problems 
which offer a variety of solutions, and if someone in the 
organization (whether he is called the welding engineer 
or something else) can conduct objective tests upon the 
problem and arrive at an answer which can be demon¬ 
strated to be the best of several, it constitutes the engi¬ 
neering approach to the problem. 
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Fig. 4—Automatic Recording Equipment lor Testing Welding 
Machines or Electrodes Provide the Welding Engineer with 
Valuable Data 


Note the difference between Machine No. 2 and Machine No. 1 
and No. 3 as shown by the recording kilowatt meter, showing that 
Machine No. 2 rises immediately to full welding current delivery 
after striking the arc, while No. 1 and No. 3 lag in output for several 
seconds. 


. Evaluating and Selecting Welding Electrodes 

Since welding electrodes are a fundamental raw ma¬ 
terial of the arc-welding process and since the weld metal 
deposited in the welding process .becomes an integral part 
of the product, careful study and evaluation of welding 
electrodes presents a very important field for objective 
and detailed study. 

A complete discussion of this subject in this review of 
welding engineering factors is impossible but there are 
certain major considerations about electrode selections 
which are of considerable importance on any job. 

One of these is that the electrodes must be selected for 
the type of material being welded upon and must operate 
to the best advantage with the welding equipment and 
the skill of the welding operators which is current in the 
organization. 

For ordinary steel welding operations on a mass pro¬ 
duction basis, there are sometimes special physical re¬ 
quirements which must be met by the electrodes and the 
welding process. These may be tested by control 
agencies outside of the organization, but someone in the 


organization must understand the fundamentals of the 
selection and testing of the welding electrode as a part of 
the use of the welding process for production. 

Another major consideration in welding electrode se¬ 
lection is that of using the electrode b^t adapted to 
the common positions in which welding is done in the 
plant, for example, down-hand welding using A.W.S. 
class E-6020 type electrode (for ordinary low-carbon 
steel) and E-6010 or E-6012 electrodes for horizontal, 
vertical or overhead in order to most economically deposit 
the weld metal. 

The consideration of special types of electrodes such 
as special hard-surfacing or high-tensile electrodes to ac¬ 
complish special needs in the manufacture of the equip¬ 
ment or maintenance of regular manufacturing machin¬ 
ery is another important series of studies which should 
be made by the organization in the interest of getting all 
possible economy from the arc-welding process. 

Comparative tests of electrode within a certain type 
such as comparing the E-6010 electrode produced by var¬ 
ious companies as applied to the special welding problems 
of the organization constitute another effective source of 
economy if approached from the engineering standpoint 
—that of controlled, scientific measurements and tests. 

This phase of the welding engineering in an organiza¬ 
tion is not one which can be done once and forgotten 
about,.but is one which requires periodic re-examination 
and testing in order that the organization may be as¬ 
sured that it is at all times following the best practice and 
using the electrodes best adapted to their particular type 
of production. 

These tests always have two phases. The first phase 
is that of operating characteristics from the standpoint 
of ease of handling, speed of deposition and ease of slag¬ 
ging as seen from the welder’s viewpoint. 

The second phase is that of economic advantage which 
involves the original price of the electrode, the percent¬ 
age deposited, the actual cost of the finished unit of weld¬ 
ing as effected by the electrode. Whether this testing is 
done by a Testing and Research Department, a “wdd- 
ing engineer’ ’ or by a production foreman, the same funda¬ 
mentals of careful scientific study must be followed in 
order to best evaluate the electrode and assure the organi¬ 
zation that the best work is being done in that respect. 



Fig. 5—Regularly Run and Carefully Controlled (Stopwatch, 
Rule, Ammeter and Weighing Balance) Electrode Compariaon 
Tests Are a Source of Economic Margins for Manufacturers of 
Arc'Welded Products 
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Fig. 6—The Training of New Welding Operators or Adapting 
SUls o! Previously Trained Welders Is Another Important 
Function of a Modern Welding Organisation 


Evaluating and Testing Welding Operators 

Welding operator testing and qualifications is another 
phase of the work in a welding manufacturing plant. 
As the method has become more widely used throughout 
the country, there have been a larger number of wdding 
operators trained in various types of arc-welding manu¬ 
facturing jobs. With the changing personnel or expan¬ 
sion programs which go on in a welding organization, 
these trained operators are one source of new personnel. 

Each individual plant probably will have different 
requirements for welding operators; and someone in the 
plant must be able to evaluate the skill of the welder who 
applies for work, in terms of the requirements of that 
plant. 

Some sort of a qualification test is the best means of 
objectively evaluating the skill of a welder, and the ad¬ 
ministration of such tests to applicants before they are 
hired is the best method of avoiding disappointment on 
the part of either the welder or the welding organization 
in case the welder’s skill does not happen to apply ef¬ 
fectively to that organization’s work. 

These tests should be specific to certain general needs 
of the organization; and while they need not be com¬ 
plicated nor costly, they should consist of the same se¬ 
quence of operations conducted in an orderly and con¬ 
sistent manner each time a man is tested in order to best 
serve the needs of the organization. 


Adapting Welding Operators by Training 

After new employees have been hired by a welding or¬ 
ganization, there is a definite training program which 
must always be carried out whether it is to train a man 
who knows nothing about welding to become a welding 
operator; or whether it is to adapt the skill and knowl¬ 
edge of an already well-trained welder to the special needs 
of the shop. 

One of tJhe most economically productive phases of this 
training is that of establishing and maintaining good hab¬ 
its of the use of welding electrodes, the orderly and 
speedy education of the new man in the use of the types 
of electrodes used in the plant, the types of fixtures, the 
control, and the other special details of workmanship 
which make work in that plant different from other 
welding organizations. 

The maintaining of a school (if only a small localized 
department in the welding shop) for the “polishing off’’ 
and special detail education of incoming welders has 
been found to be a very practical means of getting the 
new man started. 

Another important phase of training is to provide a 


welding instructor who is available to assist the new man 
on his first job, or older men when they are shifted to a 
new operation in the plant. This type of specific instruc¬ 
tional supervision gives special training on the job and 
permits supervision of the control of weld sizes, location 
of welds, weld sequences and step-wise procedures in a 
way which gives assistance to the new man when he needs 
it; and in a way which might not be possible if it were 
left to the departmental supervisor on the job. 

Another good investment in this type of education is 
the special emphasis on safety in the handling of elec¬ 
trodes and machines in such a way as to reduce the pos¬ 
sibility of damage to machines and equipment during 
their operation, or during the hours when they are not 
being used. A welding machine, if let turned on and 
grounded by the lead, is likely to overheat and damage or 
even destroy the mac^ne or other parts of the equipment. 
This phase of education is an important one and lends it¬ 
self profitably to the orderly and scientific approach of the 
engineering methods. 


Correlating Design with Practical Shop Practice and 
Equipment 

While there sometimes seems to be a tendency to as¬ 
sume that the function of designing welded eqmpment 
should be a prerogative of the Engineering Department 
alone, there are certain considerations on which the com¬ 
mon Imowledge within several departments of the organi¬ 
zation must be pooled and where certain principles 
should be common knowledge 

A pooling of the knowledge of the capacities of ma¬ 
chines in the plant; for example, shears for cutting parts 
from plates, the over-all capacity for flame-cutting units, 
capacity of bending brakes, rolls or presses, are import¬ 
ant items in the production of parts for welding and have 
a distinct bearing upon certain details of design. 

The principle of the relationship of volume of weld 
metal to increase in lineal dimension of weld as shown in 
Fig. 7 is also a principle which should be shared alike by 
the manufacturing part of the organization and the de¬ 
signing engineers. This is distinctly a phase of welding 
engineering which is significant in both welding design 
and welding production practice, since it may often be 
important to know that to cut two pieces of steel and 
weld them into a structure in such a way that their 
strength is equal to that of one piece equal to the thick¬ 
ness of the two, yet requiring twice the amount of weld 



Fig, 7—Fundameniala o! Welding Design, Especially a Knowl* 
edge of Relative Stien^ of Welds, Should Be Widely Known 
in a Welding Organization 

In this case the totel web sections in A and B are equal in strength, 
but only one-half the weld metal (and time and cost of welding) is 
us^ to fuse the total web section in B as is required in A. each 
welded to a comparable strength. 
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metal to fuse it into the structure and give the same 
structural strength (see Fig. 7). 

It may be that machinery is available which will handle 
the plates equal to half the total strength required but 
won’t handle a solid plate equal to the strength required. 
It also may be that the additional work involved in mak¬ 
ing two of the thinner pieces will cost less money than the 
deposition of the double quantity of weld metal required 
for the single thick piece. 

The principle of using a bending brake (see Fig. 8) 
whenever possible in the production of welded structures 
instead of putting two pieces together and welding 
them is another general principle which, if it is used as 
common practice throughout the organization, may often 
result in simplification of design. If used in the manu¬ 
facture of the first one or two experimental units before 
they have been standardized for mass production it may 
produce real economy in mass production operation. 

Another fundamental consideration in the engineering 
of welding design is the determination and control of the 
correct amoimt of welding on certain types of joints. 
On some kinds of welded units as much as 90% of the 
joints are of the T joint type, or fillet type joint where the 
legs of the weld may easily exceed the thickness of the 
plate to almost any degree to which the operator wishes 
to deposit metal. 

Increases in the size of the weld on T or fillet joints re¬ 
sults in increases in volume of weld metal (and cost), by 
the cube rather than by the lineal dimensions as shown in 
Fig. 7, so that if the size of a weld is increased only one- 
half its normal size, over twice the amount of time, power 
and weld metal are required to weld the joints. 

The knowledge of these fimdamentals on the part of 
the organization, in general, tends to lead to more econ¬ 
omical welding engineering at the beginning of the design 
and construction of a new unit in a way which results in 
considerable economy, since any time a design can be 
made to cost less, or <^nges can be made to reduce the 
cost of welding without r^uction in quality or strength 
of the unit, it is a good piece of engineering. 

The weldability of different materials which may be 
included in design and the relationship of the welding 
process to the chemistry and metallurgical properties of 
the materials in the structure are also problems which 



fig. 8—The Use of Machines Such as This Bending Brake to 
R^uce the Total Amount <A Welding on an Arc-Welded Unit 
Is Another Important Phue of Welding Cagineering 



Fig. 9—^Building Fixtures Which Speed Up, Standardize and 

Simplify Setting Up and Welding Operations Is an Important 

Welding Engineering Function Which Offers Real Sources of 
Economy 

Note the use of premachined parts in tttis structure, and their 
‘protection from weld spatter drops by the fixture. 

affect not only the original design of the structure but 
also involve ^e memb^s of the organization who are 
engaged in cutting, shaping, heat treating, machining and 
other processing of the product. 

All of these factors are parts of the general subject of 
welding engineering and it goes without saying that they 
are beyond the scope of one man in any large organiza¬ 
tion. 

Create Fixtures for Setting Up and Positioning for 
Welding 

Each separate welded structure should be studied in¬ 
dividually with the object of setting the parts together 
more quickly, positively and efficiently; and positioning 
the unit for welding in the most favorable position pos¬ 
sible to reduce the total cost of its production. This 
study also includes the possibility of premachining the 
parts prior to setting them together and welding them as 
a phase of welding engineering which is lucrative when 
objectively studied. 

The study of the effect of the heat of welding and the 
resultant distortion and locked-up stresses is also a part 
of the studying of the structure and designing of the 
most efficient fixtures for its production. 

Often structures may be made into several substruc¬ 
tures in order to achieve more favorable positioning dur¬ 
ing the welding process (a larger percentage of the weld¬ 
ing in the down-hand position) or in order to reduce the 
handling and increase the ease of machining certain parts 
which cannot be totally premachined. 

The use of time study methods to establish the differ¬ 
ences in cost between down-hand welding and horizontal 
fillet welding or between fillet welding and vertical weld¬ 
ing or overhead welding in a particular organization is 
one of the best means of establishing the amount of added 
efficiency which can be achieved by positioning welds for 
down-hand or for more favorable welding during their 
manufacture. It is commonly foimd that a reduction in 
time and cost of welding of from 25 to 50% can be 
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achieved by the production of a fixture for positioning of 
welds where some welds have to be deposited in the 
vertical or overhead position and can be positioned for 
deposition in the flat or horizontal fillet position. 

Establish Procedures for Welding the Compemy's 
Products 

After the jigs and fixtures have been built, a general 
stepwise procedme for the setting up and welding of 
welded structures naturally follows. 

When the product is made on a mass production basis, 
stepwise check sheets such as shown in Fig. 10 giving the 
individual steps one after another, including the setting 
up of the parts and the stepwise deposition of the welds in 
the proper sequence so as to minimize or control the effect 
of distortion from the heat of welding should be made up. 
These check sheets in the bands of the operator give an 
engineered set of specifications which answer his ques¬ 
tions such as, “which part shall I set up first?” and, 
“which weld shall I make and in what order?” in a way 
which allows for standardizing of operation and the re¬ 
sultant standardization of products. 

In the case of the production of an individual machine 
or only a few machines, the planning must of necessity 
be done. Likely this planning will be done by the spe¬ 
cial set-up man who is building the unit, or may be ac¬ 
complished by special notes on the print from which the 
set-up man works. 

In mass production operation, or in single-unit pro¬ 
duction unless there is a stepwise planning of the pro¬ 
duction unit, the fixtures which may be available for 
the use in the production of the substructures of struc¬ 
tures which go into the unit may not be used to best ad¬ 
vantage, and the maximum efficiency which should be 
developed from having such fixtures 
will not be realized. This is an im¬ 
portant part of welding engineering 
from the standpoint of economy, and 
in the interest of controlled appear¬ 
ance and standardized products. 


Organize Detail Welding Control 

There are certain phases of detailed 
control of the welding process which, 
unless prescribed as written specifica¬ 
tion are likely to cause variance in 
processing which will be reflected in 
variations in appearance of the finished 
product, lack of interchangeability of 
parts and also variation in the cost of 
its production. This is especially true 
in the mass production of welded pro¬ 
ducts, although some of the specified 
information must be presented on 
even solitary unit production. 

The details which should be speci¬ 
fied comprise the answers to the ques¬ 
tions which the welding operators 
should ask, and have answered in 
his mind, before he strikes an arc on 
the structure. 

They are briefly as follows; 

1. Where should this structure be 

welded ? 

2. What size weld should be de¬ 

posited? 

3. What is cross-sectional view or 

form of this weld when it is 

finished? 


4. In what position should this joint be welded ? 

5. How many passes (layers) of weld metal should be 

deposited to make this weld according to best 

procedme? 

6. What type of electrodes should be used for the de¬ 

position of each layer of weld metal? 

7. What size electrode should be used for the depo¬ 

sition of each layer of weld metal? 

8. What machine setting should be used for each sepa¬ 

rate pass? 

The answers to these questions may in part or all be 
placed upon the blueprint of the structure by use of 
welding symbols such as shown in Fig. 11. 

In the manufacture of a single machine or a very small 
number of machines, welding symbols may be used 
on only the major parts of the machines. Here the crafts¬ 
man who sets up and welds the unit may be a more 
skilled workman from the standpoint of welding engineer¬ 
ing than one normally doing the work on compar¬ 
able units in mass production of many units where the 
workman repeatedly does the safiie operation or series of 
operations, but does not do the whole job. 

In whatever manner this information is imparted, it 
is engineering work and it is a field of engineering in wdd- 
ing which presents opportunities of control and economy 
on a considerable scale, especially on a mass production 
operation. 

The establishment of a system for such a control (weld 
symbols on the blue prints) requires a certain amount of 
education on the part of the operator in order that the 
information may be understood and properly followed. 
This educational work is a phase of welder training which 
can be standardized by use of American Welding So¬ 
ciety welding symbols (which are widely used), but also 
require individual plant adaption and running. 
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Fig. 11—Arc-Welding Symbols Used as Shown on This Point Form a Very Practical 
Means of Conveying Engineering Information in Exact and Complete Detail to the 
Welder, Welding Foreman and Welding Inspector 


If this phase of the welding engineering has been ac¬ 
complished, the degree of control, cost analysis, cost pre¬ 
diction and work scheduling which is necessary for a 
really successful manufacturing process can be accurately 
maintained. 

Further, with this information in hand it is not at all 
impossible to establish on the basis of time study stand¬ 
ard times for the setting up and welding of structures 
which can be used on a “pTQduction” basis, using an in¬ 
centive system which allows the welder to capitalize upon 
his own skill or efficiency of work as commonly estab¬ 
lished and practiced under ordinary incentive S 3 rstems. 

One additional step must be taJcen in order to make 
such a system a success with arc welding, and that is a 
continual detailed study of the fit-up of the parts on each 
structure; and a crusade to keep them to a standard 
which is normal for the structures and therefore is always 
reflected consistently in- the standardized time set for 
the completion of any given job. 

Establish Quality Control (Inspection) 

The problem of quality control in arc-welded products 
is one which must be solved for each individual organiza¬ 
tion and each individual product. 

If there are complete specifications as to size and ap¬ 
pearance and quality of weld, a large portion of the en¬ 
gineering has been done because the process of quality 
control resolves itself only into determining that the 
specifications are met. 

Whether there are complete specifications or not, weld¬ 
ing quality inspection must be practiced on any welding 
job. Someone in the organization must be responsible 
for either- periodically or 100% checking of the welder’s 
work to control the degree of perfection of the finished 
product. 

Inspection of welded products may be a very highly 
specialized process, involving special techniques pre¬ 
scribed by code, and requiring apparatus and skilled 
technicians for its accomplishment. The X-ray, gamma 
ray, magnetic flux and other special nondestructive in¬ 
spection methods used on pressure vessels, military 
equipment and several other applications require a 
greater degree of specialized training on the part of in¬ 
spectors than does the simple guided bend test or other 
rather simple weld qualification tests. 

Associated with this checking, there is a process of 
education of the individual welder as to size of the de¬ 
posited weld and general qualities of appearance which 
lie within the operator’s control and which may be con¬ 


veyed to him by the welding super¬ 
visor, the welding engineer, the weld¬ 
ing instructors, or someone from the 
Inspection Department. Whoever 
does the job, it is a phase of weld¬ 
ing engineering. 

Another type of inspection which 
is usually very instructive and may 
be profitable is that of examining 
structures which have failed in ser¬ 
vice. Such examinations usually 
yield certain types of information 
for welding organization. If certain 
failures recur frequently, it may be 
a weakness in the inirial design of 
the structure, or it may be a matter 
of welding technique. Only by care¬ 
ful examination of the structures 
which fail can this be determined. 

In connection with such examina¬ 
tions it sometimes also may be to 
the interest of the company and to the individual welders 
in the organization to have a system set up whereby the 
work of each man may be identified at any indefinite 
period after he has completed it, including after periods 
of field service. This is an organizational problem, but 
it is also one of welding control which may reasonably be 
considered to be a part of welding engineering. 

Keeping Abre 2 ist of Practice Within the Industry 

One of the most important phases of welding engineer¬ 
ing in a welding organization is that of keeping up-to- 
date with the devdopments and new practices which 
enter the field. 

There is research being done constantly in establish¬ 
ments and by societies or groups of investigators who are 
qualified and equipped to do welding and associated re¬ 
search. Such research is not necessarily a part of the 
welding engineering of many welding organizations but it 
is distinctly to the interest of all companies who are man¬ 
ufacturing by the arc-welding process to keep abreast of 
the results of such research. 

There are several ways in which this can be accom¬ 
plished. One of the very best is that of reading trade 
journals in the welding fidd and metallurgical field which 
present the technical as well as the practical shop prac¬ 
tice aspects of current production. A thorough and 
regular examination of the leading literatme of this type 
goes along toward keeping an organization informed as 
to the development within the field. 

Another very effective means is that of supporting the 
American Welding Society where the journal and 
technical services published give very complete and de¬ 
tailed coverage of the results of research in the welding 
field. 

The local section meetings of the Society also are very 
good sources for instruction since they are primarily dedi¬ 
cated to the forwarding of the arts of wdding and met¬ 
allurgy and commonly have specialists in the fidd to ad¬ 
dress the members of the locsd section upon the subjects 
which they are most capable of discussing by virtue 
of thdr past experience in the fidd. 

Another very profitable phase of the local technical 
society meetings is that the meetings bring together local 
members of industry and bring about an exchange of 
ideas and an acquaintance with each other so that an in¬ 
terplant exchange of ideas may be accomplished. 

Still another important means of keeping up-to-date 
with what is going on in the fidds is that of visiting plants 
in different parts of the country which are engaged in 
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manufacturing products similar to those being made by 
any particular company. Usually such visits of people 
from one plant to another are of mutual value because of 
the exchange of ideas within the scope of the common 
practice within the plant. 

Another importance source of information is that of the 
engineering service which is given by vendors of equip¬ 
ment for arc welding. The manufacturers of equipment 
are busily engaged in research which will improve their 
product and therefore increase the effectiveness of their 
unit for manufacturing by the arc-welding method; 
and although usually ^ese engmeers are interested in 
promoting their own products; the information which 
they give is usually associated with fundamental weld¬ 
ing problems. 

Who Then Is a Welding Engineer? 

The problems of describing just what the welding en¬ 
gineer should do have been more or less outlined by the 
description of the engineering problems encountered in 
welding. 

Obviously no one man can accomplish all of the welding 
engineering details nor properly supervise all of the vari¬ 
ous phases of the welding engineering problems in a large 
plant. 

However, it may be said that any one who is actively 
and succesrfuUy engaged in the solution of the welding 
engineering problem is doing welding engineering work. 

It is impossible to describe exactly what ^ of the 
qualifications of a welding engineer should be, but there 
are a few which may be outlined—three of the most im¬ 
portant of which are as follows: 

A. The welding engineer should have a preponder¬ 
ance of interest in shop outlook, as opposed to the “white- 
collar” job. The organization of the procedures and con¬ 
trol and the knowledge of the processes and operation in 
the plant must come from a first-hand shop knowledge 
which cannot possibly be obtained from “front office” 
study; and the administrative problems which come 
with welding engineering can seldom be administered 
100% by swivel-chair office practice. 

B. The welding engineer must know the physical 
layout of the shop in which the welding is being done, the 
names of the units produced and their parts, the names 
of the fixtures which produce them, the general language 
of the shop and the procedures wffich are being carried 
out in detail, and must be able to think clearly and ob¬ 
jectively in order to organize the information and solve 
the problems arising in the welding phases of the plant’s 
work. 

Since the welding engineer’s work is, in many respects, 
correlative and educational, the degree of success of the 
specifications and the procediu'es which must be set up to 
control the welding process properly depend upon the 



fig. 12—Tk« T«fltmg of the Fuel Tanks in This Welded Struc¬ 
ture with Air Under nessuxe and Soapy Water Represents One 
Way of Proving Quality Control for This Special Application. 
Inspection Is a Necessary Phase of Welding Produ^on and 
Warrants Study and Careful Engineering 

cooperativeness of all of the members of the organization 
involved. This makes it necessary for the welding en¬ 
gineer to know the membeis of the organization and, to 
be known by them. 

C. It is a very important phase of the welding engi¬ 
neer’s successful functioning in an organization to be tact¬ 
ful and capable of getting along with people, capable of 
carrying responsibilities and capable of promoting pro¬ 
grams of organization and control within the company's 
organization. 

The educational background of a welding engineer 
does not necessarily mean the graduation with a univer¬ 
sity education in welding engineering. That phase of the 
development of the welding art and industry, and educa¬ 
tion h^ not been developed to the extent that full-fiedged 
welding engineers may be produced by the universities or 
institutions of higher learning in large numbers, although 
the technical information and training required to solve 
many of the more difficult problems which arise in a large 
or very specialized organization for the production of 
welded products does require the learning of information 
which is usually obtained in institutions of high learning. 

Whatever the educational background may be, men 
successfully involved in welding engineering always have 
had sufficient shop experience to get them acquainted 
with the various factors and unsolved problems within 
their own organization. 
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Resistance Welding Laboratories and 
Their Instruments* 

By R. T. GiUettet 
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Vie, 9—The*e "S-Curves” Show the EHect of Various Rates of Quenching Ujwn ^e 
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Process Is to Avoid the Normal TransformaKon of Austenite Into Pearlite wd 
rSee Fig 1) and to Produce the Very Hard Phase Known as Martensite. This Transi- 
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S HOULD a manufacturing company 
have its own Resistance Welding 
Laboratory, or should it depend on various 
outside sources for its information? 

Certainly a Welding Laboratory for ob¬ 
taining information first hand is a definite 
asset, if not an absolute necessity, since 
information collected at random may be 
inaccurate and may not apply to the prob¬ 
lem at hand. 

What are the functions of a Welding 
Laboratory? Perhaps we should give a 
brief outline: 

1. Assist the Engineering Department 
in the design of products, and 
prove this design by samples and 
tests. 

2. Collect data on physical properties 
of various types of welds. 

3. Determine weldability of materials 
selected for any given job. 

* Paper for Second Annual Welding Conference, 
Raekham Memorial Building, Detroit, Mich., 
May 4. 1945. 

t Works Laboratory, General Electric Co., 
Schenectady. N. Y. 



Fig. 1—Sequence Control and Program 
Timer for Use with Ignitron Contactor, 
Heat Control and Regulating Panel 


4. Determine weldability of all types 
and classes of engineering mate¬ 
rials in like and dissimilar thick¬ 
ness combinations, as well as like 
and dissimilar metal combina¬ 
tions which will be used in the 
company. 

b. Set up data and procedures required 
for various qualification tests, in¬ 
spection procedures and quality 
control methods. 

Two very good papers have been pub¬ 


lished on quality control, one in the Jan¬ 
uary 1944 issue of The Welding Journal, 
by N. C. Clark of the Lockheed Aircraft 
Corp.. and one by L. S. Hobson, R. S. Inglis 
and R. P. McCante, all of the General Elec¬ 
tric Co., in an A.l.E.E. Technical paper, 
45-98, March 1945. 

6. Make metallurgical examinations 
and both micrographs and macro¬ 
graphs to determine penetration 
of welds, their soundness, hard¬ 
ness, freedom from defects and 
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Fig. 3—Se^ence Control and Program 
Timer for Use with Ignition Contactor, 
Front View Showing Door Open, and 
Showing Indicating lights, Time and Cur* 
rent Adjustments, Pressure Period Ad* 
justment and Tubes 

suitability for the job from a 
metallurgical standpoint. 

7. The use of X-ray equipment may 
also expedite the study of some 
welds. 


8. Where preheat or postheat treat¬ 
ment is required on various heat- 
treatable materials, the correct 
procedure should be worked out 
in the Laboratory, and complete 
data prepared for the factory. 

What equipment is required for a Weld¬ 
ing Laboratmy? 

This is a most difficult question to an¬ 
swer, since it is controlled by the type of 
work required. It may consist of a few 
pieces of simple equipment, or it may be a 
very complicated and extensive equip¬ 


ment, depending on the type of welding 
and test requirements. 

First of all, we should have several types 
and sizes of resistance welding machines if 
we are to do a large variety of welding. (It 
is very difficult to do developmental work 
on production equipment since production 
requirements will necessitate frequent 
interruptions). This equipment may vary 
from a simple spot welder and control to a 
complete line of welding machines. 

There should be spot welders of several 
sizes, from the miniature bench type 
with electrode force as low as 8 to 10 

WELD 'TEMPERATURE PATTERN 



Fig. 5—Typical Heat-Treating Cycle Obtainable with Program Timer and Sequence 

Control 



TIMC m- 

Fig. 4—^Typical Heat-Treating Cycle Obtainable with Timer and Sequence Control 


oz. with */i kva. capacity through at least 
four sizes, to a large one capable of giving 
at least 20,000 lb. electrode force and 
capable of delivering 100,000 amp. or 
more. 

In addition, there should be both a large 
and a small universal seam welder and also 
a capacitor and a magnetic stored-energy 
spot welder, and about four or five butt or 
flash welders, ranging in size from one 
about kva., manually operated, one 
purposely built for wire, one cam operated 
for sections up to 1 sq. in., and a hydrau¬ 
lically operated one with capacity up to 
about 6 sq. in. of low-carbon steel. Other 
types of welders to fit a certain type of 
manufacture may also be needed. 

All these machines should be equipped 
with the latest electronic controls. At 
least one of the larger spot welders should 
be equipped with a program control for 
preheating and postheating heat-treatable 
materials (Fig. 1). A description of this 
control and its functions may be of interest. 

We are required more and more to fab¬ 
ricate products involving the welding of 
hardenable steel or air-hardening steel— 
that is, steel that will become bard and 
brittle when heated above the critical 
range and cooled rapidly. 

The curve illustrated in Fig. 2 is what is 
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If force <$ too great— 
CoTYtoct resistance is too low 
Not enough heot ts produced 
Result 0 week weld 


-•nN 



1 




If force is too little— 

Contact resistance is too great 
Too much heat is produced 
Result: surfoce indentation, 
spattering. and arcing 

Fig. 6—Electrode*Foice Gage 


1. Measures force in pounds between electrodes 
of a resistance-welding machine 

2. Helps increase production and improve 
quality of welds 

3; Simple, sturdy construction 

4. Range 0 to 4500 pounds 

5. Accuracy I per cent of full scale 



Fio. 7—Hydraulic Equipment for Teating Seam Welda Fig. 8—Cloae-up View of New Current^Force Recorder in 

OperattoB 
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Fig. 9~An Oscillograph Record Obtained with the Current-Force Recorder 


commonly referred to as the “S” curve. It 
clearly reveals what structure will be at¬ 
tained in a steel when it is cooled at a 
specified rate to a definite temperature. 
If the “knee” of the curve is far enough to 
the left, we do not have to concern our¬ 
selves too much with the cooling rate, or 
the temperature to which it is cooled, be¬ 
cause it would require an infinitely fast 
cooling rate to get below the "knee” be¬ 
fore transformation started and, in some 
cases, completed. However, if the curve 
moves to the right, because of carbon con¬ 
tent or alloying elements, extremely slow 
cooling rates, or cooling to very definite 
temperatures, is necessary to retain a steel 
that is not too brittle for engineering ap¬ 
plications. In other words, if we make a 
spot weld in the conventional way in a 
hardenable steel, the weld area having 
been well above the critical temperature 
and given a drastic quench, as in the case 
between two wa’ter-cooled electrodes, t'he 
result is a hard and brittle weld which is 
liable to fall apart if subjected to shock or 
vibration. Such welds must be heat 
treated to produce the required physical 
properties. 

To permit the welding of such steels and 
automatically give the required heat treat¬ 
ment, an electronic control has been de¬ 
veloped (Fig. 3). 

The indicating lights at the top of the 
control panel will indicate which step in 
the sequence is being performed. Below 
are shown all the controls. The panel con¬ 
sists essentially of a group of timers and 
phase-shift circuits so grouped and se¬ 
quenced that they provide eleven distinct 
time intervals and seven different heats 
'Fig. 4). 

A preheat period is provided which will 
permit preheating if the section is so large 
as to make this necessary. Then the weld 
period is followed by the cool, austemper, 
rise, grain refine, cool No. 2 draw, temper 
and hold periods, respectively. At maxi¬ 
mum time setting on all intervals, a time 
of 203 sec. will elapse between start and 
finish. 

Here, as the weld is completed, it is al¬ 
lowed to cool to approximately 1000° F. 
It is held at this temperature sufficiently 
long to allow complete transformation to 
take place. We have here a definite grain 
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structure offering definite physical proper¬ 
ties. This structure can be predicted by 
the “S” curves, previously mentioned. 
The curve progresses from there, showing 
the possibility of further grain refinement 
and, therefore, different grain structure 
with another set of definite ph 3 rsical proper¬ 
ties. Finally, we have the draw and 
temper, which provides a means of attain¬ 
ing required physical properties without 
materially changing the grain structure. 

Shown in Fig. 5 is another typical heat- 
treating cycle obtainable with this control. 
It demonstrates how one period may be 
blended in with a succeeding period to 
shorten the complete cycle. The type of 
steel and the requirements as to physical 
properties and grain structure will deter¬ 
mine what heat and timing to use. For in¬ 
stance, an austempering period would be 
particularly useful on a steel requiring 
considerable preheating thus preventing 
sudden cooling from the welding tempera¬ 
ture, which might cause cracking in the 
weld. Also, the draw and temper periods 
may be blended together, depending upon 
the steel and the required physicals. 

The greatest advantage of this type con¬ 
trol is that it offers the possibility of heat 
treating the weld area only. Also, it makes 
possible the use of welding on assemblies 
that would not permit subsequent heat 
treating because of size or shape. 

After we have equipped the Laboratory 
with the required welders, we will also 
need various testing equipment and instru¬ 


ments. Again, this may be simple or quite 
elaborate. 

Physical testing equipment should be 
available for testing, tensile strength, 
shock resistance, vibration tests and per¬ 
haps other similar tests. 

Equipment for cutting, mounting, pol¬ 
ishing and etching specimens for their ex¬ 
amination with a microscope must be 
available. Photomicro and macrograph 
equipment enables us to prepare a perma¬ 
nent record of our work. 

Equipment for testing hardness is also 
necessary. This equipment is so well 
known that no description is necessary. 

We should also have access to chemical 
and spectrographic analyses service, since 
its use is many times imperative. Instru¬ 
ments of various other types are also 
needed to measure or record various fac¬ 
tors. Some of these factors are too well 
known to need description. A brief de¬ 
scription of others may be of interest. 

Ampere square second recorders are 
available to measure consistency of weld 
energy. Equipment to measure surface 
resistance and determine if material has 
been properly cleaned for consistent weld¬ 
ing h^ been developed in several different 
types. Where machines are not perma¬ 
nently equipped with CT and ammeter, 
clamp-on CT and pointer stop ammeters 
are essential. Indicating voltmeters with 
high and low voltage ranges are essential 
instruments. 

A recording voltmeter to study line volt¬ 
age conditions should also be provided, use 
may be found for a recording ammeter as 
well as a recording wattmeter. An elec¬ 
trode force gage (Fig. 6) is absolutely nec¬ 
essary, as the electrode force is very critical 
on many jobs. Considerable use may be 
found for temperature measuring and re¬ 
cording instruments. Simple hydraulic 
equipment (Fig. 7) for making pillow tests 
of seam welds is of considerable importance 
to test for pressiue tightness and strength. 

One of the new instruments that has re¬ 
cently been developed by General Electric 
is a current-force recorder to measure and 
record electrode force and current (Fig. 8). 

This current-force recorder includes an 
oscillograph which records simultaneously 
a timing wave, the rapidly changing elec¬ 
trode force, and electrode current of a re¬ 
sistance welding 'machine while making a 
weld (Fig. 9). 

The instrument is useful for periodic 
checking of welding-machine performance 
and for welding research. The records are 
especially helpful to users of energy-storage 
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welding machines to detennine when forge 
pressure is applied to the work with re¬ 
spect to the discharge of welding current. 

The record also shows squeeze time, the 
duration and magnitude of welding cur¬ 
rent, the rate of rise of forge pressure, and 
the hold time. Two extra galvanometers 


may be added to record the instant of var¬ 
ious relay operations in the control circuit. 

A standard method of recording all 
these data is essential. Shown in Fig. 10 
is such a method. 

While a complete welding laboratory 
may seem rather formidable in some cases, 


if we are to progress we must learn and use 
the basic fundamentals which pertain to 
welding, forget our cut-and-try methods, 
and base our welding on fact rather than 
on opinion. The ^tablishment and use of 
complete welding laboratories seems to be 
the logical way of obtaining these results. 
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Flash is thoiat for soke of iif/u/nxion. Under actual conditions this docs not occur. 


Stronger Fence Produced Faster with 


MALLORY WELDING DIES 


M iles of wire fence are turned out each 
day by high-speed cross-wire welders 
that make a series of strong joints across 
the entire width of the fence, in one operation. 
This cross-wire welding has been speeded by 
the use of Mallory Resistance Welding Dies, 
and tests show that the welded joints are 
actually stronger than the wire itself! 

Dies of Mallory 100 Metal, now standard 
equipment, provide many advantages over 
the bronze welding dies originally used. This 
Mallory alloy, with its high electrical and 
thermal conductivity, conducts heavy weld¬ 
ing currents without overheating and rapidly 
dissipates heat from the welding surface of 
the dies—permitting faster welding. Dies 
retain their correct contour over long pro¬ 
duction runs, and **down time” for dressing 
or replacement is minimized because of the 


excellent physical and mechanical properties 
of the Mallory alloy. 

Savings in production time because of faster, 
better welding with Mallory Standard Re¬ 
sistance Welding Electrodes are common¬ 
place throughout the metal fabricating in¬ 
dustries. Whether you need spot welding 
tips and holders, seam welding wheels, or 
dies for flash, butt or projection welding, 
specify Mallory. Often a standard electrode 
will solve your problem. Consult us today. 


Invaluable Information 
—now available, Third Edition Mallory Resis¬ 
tance Welding Data Book, a comprehensive 
text on resistance welding practices. Sent 
gratis to resistance welding engineers, when 
requested on company letterhead. Available 
to students, libraries and schools at 12.50 per 
copy, postage paid. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

/n iho Uaittd Kingdom, Mad* and Said hjr Mallory Mstallurgical Proditett, Ltd,, London, 




Standard 

Resistance Welding Electrodes 







Machine Gas Cutting 

By R. M. Dennis* 


M ost everyone today is acquainted more or less 
with procedures, templates, tolerances, inspec¬ 
tion, pressures and speed in flame cutting. 
This knowledge, no doubt, is the result of experience and 
innumerable papers which have been publ^hed over a 
period of years covering practically every phase of 
machine flame cutting. Consequently, little can be 
written at this time that would not be a repetition, at 
least in part, of something that ha*} been presented in 
the past. However, a discussion of some of the inno¬ 
vations and accessories that have been devised and de¬ 
veloped for use in the Flame-Cutting Department of By-. 
Products Steel Corp., division of Lukens Steel Co., 
Coatesville, Pa., may ^ of interest and some value. 

Because of the demands of the war effort, the facilities 
comprising Plant 4, devoted entirely to flame cutting of 
shapes from steel plates of varied analyses of both carbon 
and alloy steels and sizes up to 12 ft. 0 in. in width or 
26 in. in thickness, have b^n so enlarged that produc¬ 
tion has been increased approximately 100% over that 
prior to 1942. At the present time two large buildings 
making up Plant 4 are equipped with eight multitor^ 
travograph and four multitorch oxygraph machines as 


* AMlstkot to the PresSdeat, By-Products Steel Corp., Divisipn of Lukeas 
Steel Co., Cofttesville, Pa. 


well as four one-torch pantographs in addition to radia- 
graphs and cameographs. 

Practical Work Table 

One of the most practical innovations in Plant 4 is the 
table which has been designed to hold material while it is 
being flame cut. This table is just as important as the 
flame-cutting machine itself, for unless material is sup¬ 
ported properly, the most ^ely designed flame-cutting 
machine ever made will not produce a precision flame- 
cut piece. Experience has shown us the value of a num¬ 
ber of ideas which might be borne in mind when design¬ 
ing a supporting table of this type. First, the table itself 
should be set on a solid foundation to reduce vibration 
to the very minimum. Second, the table should be of 
solid construction for the same reason. Third, the table 
should be of such size that it will allow maximum flexi¬ 
bility for operation and wdll not be cumbersome. It 
shoiild not be too wide for easy access to narrow mate¬ 
rial. Fourth, the design of the top of the table should 
be such that as the supports are burned out they can be 
removed readily and replaced wdth new ones. Fifth, 
provisions should be made to keep the table level at all 
times. 



Fig. 1—A View of Stationa^ Table Showing Sluing Plates Beneath the Sap- 
port Bars. As the Cut-Out Keces Fall Through, ‘ftiese Sloping Plates Permit the 
Pieces to Be Pulled Readily to the Front of the T^^e 


Figure 1 showrs a stationary table 
which has proved satisfactory. This 
table is a rigid frame of angle con¬ 
struction writh removable cross bars 
machined to size in which pins, or 
studs, are inset. The space between 
the cross bars can be changed simply 
by moving them back and forth on 
the side rails. The location of the 
pins in the cross bars also can be 
varied so that the table itself can be 
set up to suit either large or small 
flarae-cut patterns. The pins, of cast 
iron, are symmetrical aroimd their 
center line with both ends pointed so 
that when one end of a pin, because 
of burning, becomes unfit for use, it 
may be reversed in the hole to give 
maximum use. The advantage of this 
pointed design is that the pins can be 
placed to minimize destruction from 
the flame of the torch during cutting 
operations. The table sits on ad¬ 
justable supports which rest on con¬ 
crete bases, and by regulating screws 
in each leg, it can be kept level at all 
times. Experience has shown that the 
manner in which the plate is sup¬ 
ported during the cutting operations 
has much to do with the accuracy of 
the finished job. Proper location of 
the supports will counteract, to a large 
extent, shifting which might take place 
in a piece during cutting operations. 









Fig. 2 - A Table with Pin, or Stud, Supports in Position Ready to Receive the Steel 
Plate Prior to the Rame-Cutting Operation 

Two 15-in. parallel ecpjidistant I-beams serve as main supports and on top of these, 
cross members 4 in. thick x 7 in. wide x 12 ft. 0 in. long, are placed. The ends of the 
cross members are drilled and fitted to the I-beams vrith clamping plates. With this 
clamping arrangement, cross members can be moved along the I-beams if necessary. 
The steel plates rest on removable studs, or pins, during cutting and these studs are 
fitted into holes drilled into the cross members at 4 in. intervals. The studs vrith 3V*-in. 
diameter collars are inserted in holes and tack welded. When removal is necessary, a 
blow from a sledge hammer will loosen them. 


The cutting of locomotive side frames has shown the 
advantage of this type of table. These side frames pre¬ 
sented a difficult problem because of their many open¬ 
ings with resulting little area for supporting them. 
Figure 2 shows the table with the stud supports in posi¬ 
tion ready to receive the plate previous to the flame¬ 
cutting operation. Figure 3 shows two frames in position 
after being cut from S'/i-in. thick steel plate. This type 
of table allows the steel plate to be supported fully so 
that the scrap has free movement to a marked degree, 
a very important factor in flame cutting. These tables 
which have been in use for several years have proved 
to be versatile and flexible. With them it is possible to 
arrange the supports in minimum time so that any size 
steel plate can be supported properly for flame cutting. 

An alternative type of work table, made with remov¬ 
able supporting strips, instead of pins, 6- x ^/g-in. gage, 
has proved practical for flame cutting 
when ordinary tolerances are satisfac¬ 
tory. Where closer tolerances are 
required, the fixed table with the 
pins, or studs, is to be preferred. 

The tables with the strips, measure 
o ft. square, and are portable. Thus, 
if the plate to be flame cut is too 
large for a fixed table, several port¬ 
able tables may be grouped so that 
the plate to be cut is supported ade¬ 
quately. 

As the strips are burned away, 
they may be removed readily, either 
singly or in multiples. Ofttimes, 
though, the strips can be turned over 
and used again without replacement, 
thus obtaining maximum utility. 

The strips are kept in position by 
inserting them edgewise in slots, 
which arc cut into cross bjirs. 

The floor in front of the flame- 
cutting machine is of amesite, a 
bituminous paving, over concrete, 
so that should a heavy plate fall on 
it, the plate's edges would not be 
burred or W'ould the floor be broken. 

Amesite being resilient would absorb 
the shock. Besides it is less tiring 


to workmen than concrete. Also, 
concrete tends to disintegrate under 
heat of flame-cutting machines. 
Though amesite may be softened by 
heat it is rarely damaged to the ex¬ 
tent that new flooring is necessary. 

Because of the relative softness of 
amesite, the work tables are sup¬ 
ported on inset plates set on concrete 
which keep the tables in line. This 
alignment of tables provides suitable 
alleys so that scrap can be re¬ 
moved readily and the space adjacent 
to the machine kept clean. 

In Fig. 1 the table is shown with 
sloping plates beneath the support 
bars. As the cut-out pieces fall 
through^ these sloping plates per¬ 
mit the pieces to be pulled readily 
to the front of the table. 

Multiple Torch Cutting 

Originally, multiple torch machines 
were designed with hoses running 
from the gage to each individual torch, with the re¬ 
sult that a tremendous quantity of hose had to be 
carried on the cutting bar of the machine. The more 
torches used, the greater the weight. By-Products 
adopted a plan of using a manifold on the cutting bar of 
the machine and the long lengths of hose to each torch 
have been replaced by short lengths, without minimizing 
effectiveness. The manifold has the economical advan¬ 
tage in making possible the use of a larger number of 
torches on the cutting bar as well as saving in hose. 
Figure 4 shows a machine equipped with the manifold 
which has had practical application for some time. 
The manifold has two sets of three pipes, and in one pipe 
of each set are, respectively, preheating oxygen, natural 
gas and cutting oxygen. The manifold is so designed 
that for ten outlets to the right of center, gases are 
supplied through three lower pipes. For ten outlets to 


Fig. 3—Two Locomotive Side Frames, Cut from S'/j-In. Thick Rolled Steel Plate 

In positioning the plate before cutting, allowance is made for corridors or waste strips 
belween individual frames to prevent detrimental movement during cutting. The strips 
are supported by longitudinal angles to prevent their falling on the cross members arid 
jarring the flame-cutting operation. 
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Strainer Plates 




Figure 5 shows the cutting of slots 
in strainer plates for ships. First, 
the ends of each slot are drilled and 
the connecting material between the 
two holes is cut out individually with 
a specially designed double tip which 
removes the metal in one flame* 
cutting operation. This special tip 
makes two simultaneous paiullel cuts 
of the same width as the diameters 
of the drilled holes, so that the cut¬ 
out part is a small rectangular block 
with concave edges instead of melted 
lumps of slag. 

This special tip is made from three 
regular tips. The lower parts of two 
of them are brazed together and 
spaced so that parallel cuts of a 
specified width can be made simul¬ 
taneously. The upper section of the 

_ L v u . j •»!.»» ./_ij e. Tu » M u -IT 1 . third tip is brazed to the other two 

Fig. 4 —Oxjrgxaph Macnina Eqmpped with Maniiold So That a Number of Torches .. *1 , . xt. ' • 

Can Be Ha^ on the Cutting Bar ' makmg a three-m-one 

arrangement which does a very neat 

Unused connections are sealed with pipe caps. The manifold permits tiie use of short satisfactory iob. It is an excel- 

lengths of hose connection instead of long lengths fr«n the gage to individual torches. , . _ , i \ u _ 

lent example of what can be accom¬ 
plished by redesigning parts of flame- 

the left of center, gases are supplied through three upper cutting equipment when necessity demands. Through 
pipes. Thus, by introducing gases at either end of the the use of this device, production on one particular 



ed with Manifold So That a Number of Torches 
ced on the Cutting Bar ' 


Unused connections are sealed with pipe caps. The manifold permits tiie use of short 
lengths of hose connection Instead of long lengtiis fn^ &e gage to individual torches. 


manifold, and in six pipes, more steady flames are secured 
with less fluctuation than if gases were introduced at one 
end of the manifold and in only three pipes. Three valves 
on each torch also help minimize variations in the flow 
of the gases. 

This manifold is so designed that any number of 
torches up to twenty can be placed on the cutting bar; 
the imus^ connections being sealed with pipe caps. 


job has been increased seven-fold. 

Beveled Edges 

In many parts for use in welded construction a large 
number of beveled edges are required. Occasionally 
these bevels are made by machining, but a large per- 



Fig. S—Cutting Out Slots on Ship Strainer Plates Fig. 6—Beveling a Part for a Weldment with a Hand Torch, Showing Layout 

Using Specially Designed Dual Tip. The Ends of Bar Which Is Used to Maiwiatn Pn^^r Degree of Bevel 

Each Sot Are Formed ^ Drilling and/Metal Con¬ 
necting These Holes Is nemoved by ‘Htis Type Tip 
in One Flame-Cutting Operation 
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centage of them may be formed by flame cutting. In the 
latter instance, bevels can be shaped either by machine 
flame cutting or with a hand torch. 

A typical example of hand torch beveling is shown in 
Fig. 6 which also pictures the setup used in performing 
the work. The illustration shows the layout bar which 


acts as a guide for the operator so that the proper degree 
of bevel is maintained. 

Just a few of the ideas that have been developed at By- 
Products Steel Corporation dtuing the last few years 
have been described in this paper. But we feel that they 
show what can be accomplished by ingenuity. Unlim¬ 
ited possibilities in this field still exist. 


Alloy Welding Wire from Powder 

Metallurgy* 

By F. G. Daveler^ and P. H. Aspen^ 


Introduction 

T he use of powder metallurgy, to form machine 
parts that are difficult or impossible to produce 
by conventional methods of casting or machining 
is well known and quite widely accepted. 

Generally speaWng, powder metalliugy consists of 
selecting the desired materials as to chemistry and par¬ 
ticle size and pressing the metal grains in a die the exact 
size of the desired finished piece. The pressures used to 
make many of the powdered metal compacts vary con¬ 
siderably sometimes exceeding 75,000 psi., dep)ending 
upon the material used. After compacting, the pieces 
are sintered in an atmosphere controlled furnace at tem¬ 
peratures approaching the melting temperatiu-e of the 
powder. Sintering, again generally speaking, is an 
atomic reaction which due to the pressure and high tem¬ 
perature fuses or welds the tiny particles to each other. 

The engineering staff at “Associated” has for a number 
of years acted as consultants, designers and manufactur¬ 
ers of equipment for the compacting and sintering of pow¬ 
dered metal products. As a conjunctive activity they 
have designed and built processing equipment for the 
welding r^ industry. 

Alloy Welding Rod 

Realizing the need in the special alloy welding rod 
field for wire alloyed of elements difficult to produce by 
normal rolling and drawing, and the need for a cheaper 
method of producing stainless steel welding wire. Asso¬ 
ciated engineers conceived of and developed a method of 
producing, through the media of powder metallurgy, a 
rod composed of any desired analysis. The finished rod 
is capable of being coated with any of the usual a.-c. or 
d.-c. welding rod fluxes and used in the same manner as 
any coated rolled and drawn welding rod. 

All of the work was done under the supervision of 
A.I.E., Inc., with such firms as Dupont and Metals 
Disintegrating Co. participating with advice and special 
materials. 

Much of the early work was done in a crude* fashion, 
and with equipment poorly suited to the job; however, 
when the project appeared to have the earmarks of a 
successful enterprise, ample equipment and properly 
designed dies were made available. 

* Patents applied for. 

t Director and Vice-President, respectively. Associated Industrial Engineers, 
Inc., 1505 Race St.. Philadelphia 2, Pa, 


The finished unfluxed synthetic welding wire presents 
the appearance of a welding rod coated with a dark me¬ 
tallic-appearing case. Actually it is a small diameter base 
wire encased within a cladding of powdered metals. 

The base wire is generally made up of that element 
which will comprise the majority constituent of the 
finished weld deposit; for instance, in stainless steel the 
predominant element being iron, the base wire would be 
iron and the cladding nickel, chromium, manganese, etc. 
Over the cladding is dipped or extruded a second coating 
of welding flux, as in the normal production of welding 
rod, and the rod is ready for use. 


Synthetic Rod Production 

Figure 1 shows the necessary steps for the production 
of a synthetic welding rod. In making synthetic 19/9 
(Type 307) grade of welding wire, a base wire of ingot 
iron (0.03% carbon) is clad with sufficient powdered 
low-carbon ferrochrome, pure nickel, ferromanganese 
and ferrosilicon to combine under the welding arc with 

BASE WIRE -) 

I ~l A —□ 

CLADDING 1 

I '"If 

FLUX COATING j 
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the ingot iron base wire to produce a weld deposit of 
standard Type 307 Stainless Steel. A Vn-in. diameter 
base wire clad to a finished diameter of 0.249 in. (V 4 in.) 
will produce such an analysis. Another possibility is a 
Va-in. diameter base wire clad to ‘/jj- or ^/ 64 ‘in. diameter 
base wire clad to Vie-in. finished diameter. There are 
endless possibilities available in any conceivable analysis 
by varying the quantity of cladding to the quantity of 
base metal. The maximum chrome nickel content thus 
far achieved, without exceeding a workable finished diam¬ 
eter, has been the 25/20 grade of heat-resistant alloy. 

--- M a ny addi t io n al stamlard..analyses of stainless, tool 
steel, corrosion-resistant, hard-facing grades, etc., have 
been produced. Variations from the standard analysis 
have been obtained by varying the ratio of base matttial 
to clad material, or, which is more important, by varying 
the density of the cladding. 

The density may be varied from 50% of drawn steel 
density to 85% of drawn steel density by varying the 
pressure exerted on the powdered metal compact around 
the base wire. Another method of altering the density 
of the cladding is to vary the quantity of filler used 
to fill in the voids between the powdered metal particles. 
This brings us to the most important item in this report, 
the method of producing synthetic welding rod core wire. 

Early Research 

Early attempts at getting the powdered metals to ad¬ 
here to the base wire and to form a smooth even case 
were alternately discouraging and heartening. Equip¬ 
ment was make-shift and to add to other difficulties few 
of the rules for producing normal powdered metal com¬ 
pacts were applicable. 

Most of the first test rods were made by pressing the 
metal powders around short lengths of mild steel wire by 
the use of a steel die similar to that shown in Fig. 2 in 
which the bas? wire passed through the piston while the 
powders were being compressed. The results from this 
method of production were only fair, particularly in view 
of the fact that the process was slow and the yield low. 
It did serve, however, to lay the groundwork for deter¬ 
mining particle-size requirements, sintering characteris¬ 
tics and weldability of the finished product. 

It took many months of concerted effort to find that 
the metal, powders, if properly selected for particle size 


and mixed'with a suitable filler and bonding material, 
could be readily extruded much the same as welding rod 
fluxes are now extruded on drawn welding wire. Next, 
the proper filler and binder had to be found, a filler 
which would not alter the welding characteristics, and a 
binder which, if organic, would volatilize out of the com¬ 
pact at some point below the sintering temperature to 
prevent excessive carbon pickup during welding. 

Sintering 

Many lubricants were tested in order to find the mix¬ 
ture that i^oduced the two essential features desired, that 
of aiding material flow during extruding and allowing the 
low-temperature sintering to take effect. 

The original sintering cycles were long and at relatively 
high temperatiu’es, but experience showed us that 
thorough sintering, as considered in the manufacture of 
powde^ metal machine parts, was not necessary, and 
that synthetic welding wire required just sufficient bond 
to give the rod strength and durability to withstand 
normal abuse. This brought the process down to a very 
economical low-temperature short cycle operation. 

Oxidation of the dadding during the baking and hard¬ 
ening, treatment required Ihe use of control!^ hydrogen 
atmosphere in the furnace. 

Hydraulic pressures exceeding the normal pressures 
used in extruffing welding rod coatings are necessary to 
extrude powdered metals with sufficient finished density 
to allow sintering and to prevent the flaking off of the 
dadding during wdding. This requires the use of special 
dies and hydraulic presses built for pressures up to 18,000 
psi. on the metallic mix, although satisfactory results 
have been obtained at 9000 psi. pressures. 

“ Flux Coating.* 

' After wdding tests were made on the first samples pro-' 
duced, it appeared that a spcdal flux forra^a would be 
necessary to overcome some of the imorthddox wdding 
characteristics of the synthetic wire. This premise was 
soon discounted as the finished synthetic rod approached 
the physical and welding characteristics of drawn steeU 
Numerous a.-c.-d.-c. and straight d.-c. fluxes of the lime 
or titanium dioxide type were tried, some titanium being 
dipped on the rod and some being extruded, with results 
indicating that the same fluxes used on drawn wire may 
be used on synthetic wire. 

With the chromium partides clad on the outside of the 
basic wire, in the stainless steel grades, a tendency toward 
losing some of the chromium in the weld deposit due to 
oxidation during welding was expected. In so far- as tests 
are able to detect, this has not exceeded the normal loss 
from drawn wire. 

Thorough mixing of the base wire with the cladding 
during the actual welding has been questioned repeatedly, 
but constant checking of chemicsJ analysis of various 
weld deposits and metallographic studies of weld metal 
have proved that thorough mixing is apparent. 

One peculiar property ^^ch has caused comment is 
the fact that the magnetic rod (due to the mild steel base 
wire and ferroalloys) will produce a nonmagnetic austen¬ 
itic weld deposit of a quality equal to a deposit made by 
a drawn stainless steel welding rod. 

Costs 

Close quality control of powder metal analysis, par¬ 
ticle size, mixing and formulating, and extrut^g pres- 
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sures are necessary to enable us to produce synthetic 
wire which will give consistent weld deposits. TWs extra 
cost of quality control is offset by the relatively low cost 
of producing the standard stainless steel grades of weld¬ 
ing wire. The finished cost of synthetic welding rod core 
wire in sizes ranging from V 4 x 14 in. to Vsj in. x 14 in. 
varies from Vi to */4 of the cost of mill-roU^ and drawn 
wire. This is wire completely processed, cut to 14 in. 
length and ready for flux coating. 

Tolerance on finished diameters can be maintained 
to ±0.002 in. depending upon the shop practice for re¬ 
placing worn coating dies. The base wire is, of course, 
cut to length before the cladding is extruded on the wire 
and this controls the length tolerance of the finished rod. 

To illustrate the cost comparison between mill-rolled 
and drawn stainless wire and synthetic welding wire, a 
cost analysis for two sizes of wire is outlined below. 

The prices given above refer to quantities of 10,000 lb. 


Costs per 100 Lb. 

V« In. 

V 4 In. 

Ingot iron wire cut to length 

S 5.50 

S 5.40 

Powdered metal alloys 

17.00 

17.00 

Filler and binder 

1.25 

1.25 

Extruding and powder handling labor 

4.00 

2.70 

Heat treating 

2.00 

1,40 

Quality control 

1.10 

1.00 


S30.85 

$28.75 

Cost of mill-drawn 19/9 wire/100 lb. 

$41.00 

$33.00 


or more. The itemized prices for the synthetic wire are 
not hypothetical but are the costs recorded for small pro¬ 
ductions runs, and the open market prices for such items 
as iron wire, powdered metal, commercial heat treating, 
etc. 

Future Enterprise 

Any metal which is powdered can be extruded on any 
iron, steel, alloy or pure element base wire. Considerable 
research has b«en done on combining molybdenum and 
tungsten powders with nickel-chrome base wire to pro¬ 
duce alloys for special purpose welding. 

Much thought has been given lately to special alloys 
for strength at high temperature and such o^er qualities 
as demanded for use on turbosuperchargers, rockets, jet 
propulsion, etc., and since the synthetic welding wire is 
quickly, cheaply and readily altered as to analysis, the 
process herein outlined will have its place in producing 
welding rod for those exacting requirements. 

One phase of the development of particular signifi¬ 
cance is the experience and knowledge gained in extruding 
powdered met^ compacts with sufficient density to allow 
sintering after extru^ng. 

It is felt that this feature, plus the ability to clad basic 
metal parts with alloys, will open the door to many new 
applications for powder metallurgy outside of the welding 
electrode field. 


WE OFFER FOR IMMEDIATE 

Extra-heavy National Mill Type Flash 
Butt Welder, powered by 900 KVA 
water-cooled welding tranrformer, 440 
volt, 60 cycle. Movable platen actuated 
by two hydraulic cylinders of 12*' 
diameter, with feed controlled by cam- 
operated hydraulic unit. In excellent 
condition, and capable of easily welding 
14 square inches in alloy steel. Com¬ 
plete with special welding contactor of 
1800 ampere nominal rating, fully en¬ 
closed, and with low-voltage operating 
control. 

Double-acting Hydraulic Flash-shear of 
sturdy design, 12' piston dieuneter, with 
20' stroke. 

Location: Linden, N. May bo 
soon by appointmont. 

THE MATHER SPRING COMPANY 

TOLEDO, OHIO 
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The wire you see with the parachute on 
the end of it is a telephone wire, being 
payed out from a C>47 cargo plane. 

Bell Telephone Laboratories, work¬ 
ing with the Air Technical Service 
Command of the Army Air Forces, de¬ 
veloped this idea. It will save precious 
lives and time on the battlefield, 

A soldier throws out a parachute 
with the wire and a weight attached. 
The weight drops the line to the target 
area. From then on, through a tijd>e 


thrust out the doorway of the plane, 
the wire thrums out steadily — sixteen 
miles of it can be laid in 6 2/3 minutes. 
Isolated patrols can be linked quickly 
with headquarters. Jungles and moun¬ 
tain ranges no longer need he obstacles 
to communication. 

This is in sharp contrast to the old, 
dangerous way. The laying of wire 
through swamps and over mountains 
often meant the transporting of coils 
on the backs of men crawling through 


jungle vegetation, and in the line of 
sniper fire. It is reported that in one 
sector of the Asiatic theater alone, 41 
men were killed or wounded in a single 
wire-laying mission. 

Bell Telephone Laboratories is han¬ 
dling more than 1200 development 
projects for the Army and the Navy. 
When the war is over, the Laboratories 
goes back to its regular job — helping 
the Bell System bring you the finest 
telephone service in the world. 



BELL TELEPHONE 


LABORATORIES 


Cscpitrine and InvsnHna, d*vl*li»g and poffocHng for th* Armod Fercat ol war and for coaHnwod improvomontt and ocenemlot In tolopheno torvico. 
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AMERICAN WELDING SOCIETY 

ACTIVITIES - BELATED EVENTS 


194S-46 OFFICERS 
AMERICAN WELDING SOCIETY 

Since no nominations other than pro¬ 
posed by the Nominating Committee have 
been made by 25 qualified members, as 
prescribed by the By-Laws, the nomina¬ 
tion ballots are treated as election ballots. 
Accordingly, the following have been 
elected officers for the year to begin on 
the adjournment of the 1945 Annual 
Meeting. These officers will be declared 
elected at the Business Session of the 
Annual Meeting. 

President, Wendell F. Hess, Professor 
of Metallurgical Engineering at Rensse¬ 
laer Polytechnic Institute, Troy, N. Y. 

First Vice-President, Harold O. Hill, 
Asst. Chief Engineer, Fabricated Steel 
Construction, Bethlehem Steel Co., Bethle¬ 
hem, Pa. 

Second Vice-President, G. N. Sieger, 
President and General Manager, S-M-S 
Corp., Detroit, Mich. 

Directors at Large: Charles H. Jennings, 
Section Engineer, Welding Section, West- 
inghouse Electric Corp., E. Pittsburgh. 
Pa.; A. B. Kinzel, Chief Metallurgist, 
Union Carbide & Carbon Res. Labs., Inc., 
New York, N. Y.; C. M. Underwood, 
Manager Welding Dept., Northern Ord¬ 
nance Co., Minneapolis, Minn.; R. D. 
Thomas. President, Arcos Corp., Phila¬ 
delphia, Pa. 

District Vice-Presidents: District No. I 
(New York and New England)—F. W. 
Davis, Metallurgist, E. B. Badger & Sons 
Co., Boston, Mass.; District No. 2 (Mid- 
Eastern)—W. G. Theisinger, Asst, to 
Vice-Pres., Lukens Steel Co., Coatesville, 
Pa.; District No. 3 (Southern)—^dney 
Swan, Surveyor, American Bureau of 
Shipping, Pascagoula, Miss.; District 
No. 4 (Central)—B. L. Wise, Asst. Mgr., 
Welder Div., Federal Machine & Welder 
Co., Warren, Ohio; District No. 5 (Mid- 
Western)—R. E. McFarland, Engineer, 
Western Electric Co., Inc., Chicago, Ill.; 
District No. 6 (Mid-Southern)—W. S. 
Evans, Materials Engineer, Curtiss- 
Wright Corp., St. Louis, Mo.; District 
No. 7 (Western)—C. P. Sander, Gen. 
Supt., Western Pipe & Steel Co. of Calif., 
Los Angeles, Calif. 


VICE-PRESIDENT ELECT DIES 

W. S. Evans, newly elected Vice-Presi¬ 
dent for District No. 6, died July 7th 
after a short illness. 

W. S. Evans began his aviation career 


with the process department of the Doug¬ 
las Co. in 1938, later moving to the North¬ 
rop Co. as Assistant to the Process En¬ 
gineer. He came to the St. Louis Plant of 
the Curtiss-Wright Airplane Division in 
January of 1941 to become Materials and 
Process Engineer and organize a depart¬ 
ment which has operated highly success¬ 
fully in this plant. 

He studied chemistry at the University 
of California at Los Angeles and took post¬ 
graduate work in chemical engineering at 
the University fo California at Berkeley. 
He was a resident of Santa Monica, Calif., 
before coming to St. Louis. 

During the time he was with Curtiss- 
Wright, he had written many articles 
including "Arc Welding Aircraft Struc¬ 
tures" which was published through the 
James F. Lincoln Arc Welding Founda¬ 
tion. For this article he won an award 
given by the Foundation. His work with 
Materials and Process engineers in the 
midwest and throughout the country was 
very well known. Some of the procedures 
that he established, especially his work 
with arc welding and automatic welding, 
have been put into use in other aircraft 
plants. He was personally acquainted 
with all Materials and Process engineers 
in the aircraft companies, and his death 
has been not only a loss to Curtiss-Wright 
but to the industry as a whole. 


BOARD OF DIRECTORS MEETING 

A meeting of the Board of Directors of 
the American Welding Society was 
held in the Engineering Societies’ Bldg., 
New York. N. Y., June 28, 1945. 

Present were: A. C. Weigel, President, 
presiding; C. A. Adams, H. C. Boardman, 
R. W. CUrk, E. V. David. J, H. Deppeler, 
0. B. J. Fraser, K. L. Hansen. W. F. 
Hess, H. W. Lawson, J. F. Lincoln, H. W. 
Pierce, H. M. Priest. 

Present by invitaticm were: H. O. Hill, 
Chairman, Technical Activities Com¬ 
mittee; H. F. Reinhard, Secretary, Public 
Relations Committee; M. M. Kelly. 
Secretary; W. Spraragen, Editor, The 
Welding Journal and Director, Welding 
Research Council; S. A. Greenberg, Acting 
Technical Secretary. 

Bereavements 

The President drew attention to the 
losses the Society had sustained during 
the past two months of its Past-Presidents, 
G. T. Horton and E. A. Doyle, and also 
two of its outstanding members, A. V. 
deForest and C. J. Holslag. Tributes to 


the memories of these honorable members, 
prepared by specially appointed com¬ 
mittees, were read, and by a rising vote, 
were unanimously adopted. 

Finances 

The Treasurer presented a report cover¬ 
ing financial operations of the Society 
for the past six months of the current 
fiscal year, commencing Oct. 1, 1944. 

Membership of the American Welding 
Society, as of May 31, 1945, was reported 
as 8532 (140 Sustaining Members, 3245 
Members, 4892 Associate Members, 234 
Operating Members, 2 Honorary Members 
and 19 Student Members), of which only 
7% are delinquent. 

The Treasurer reported the Society’s 
financial condition, on March 31, 1945, 
showed a net excess of income over ex¬ 
pense of some $20,000. 

It was voted to approve recommenda¬ 
tion of the Finance Committee for the 
transfer of $10,000 from the regular funds 
of the Society into the Society’s per¬ 
manent reserve fund. 

Welding Handbook Editor 

Upon recommendation of the Welding 
Handbook Committee the Board of Di¬ 
rectors authorized the employment of an 
editor and manager of publu»tion of the 
Welding Handbook, whose duties, on 
authorization of the Board of Directors, 
can be expanded to include the editing 
and publication of other educational books 
than the Welding Handbook; and further, 
the Board of Directors vested the Weld¬ 
ing Handbook Committee with authority 
to select the editor and publication 
manager of the Welding Handbook, at a 
salary within the limits recommended by 
the Finance Committee. 

By-Law Amendments 

On the recommendation of the By-Law 
Committee Chairman amendments of 
Article II, Section 1, Article XII and 
Article IX, providing for the appointment 
of an Honorary Membership and Honor¬ 
ary Directorship Committee, as shown 
below, were approved. 

Article II 

Section 1. Honoraiy Members—Nomi¬ 
nations for Honorary Membership may be 
submitted to the Board of Directors in 
writing by any corporate member of the 
Society. Such nominations shall state the 
qualifications of the nominees for such 
membership and shall be referred to the 
Honorary Membership and Honorary Di¬ 
rectorship Committee for its recommenda¬ 
tions. Honorary Members shall be elected 
{Continued on page S50) 
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How MUREX FHP licked a tough job for us 


Friends, did you ever know it to fail? 
I mean, just when your department 
gets running along smoothly, in 
marches a rush>rush job that they 
want done practically yesterday. 

Take what happened to us last 
week: forty big engine bases that had 
to be fabricated right away, if not 
sooner—and each of them requiring 
3860 lineal inches of welding. 
Tommy, our boss, took one look at 
the due*date on the job, and groaned. 

"Okay,” he said at last, trying to 
look cheerful. "Can do, I hope." 

' But after two units, we saw we’d 
never make it. They took 12 hours 
of welding time each, whereas we 
needed to make 10 hours or less to 
finish on schedule. 


Whereupon I stepped up to 
Tommy, observing, "Look, I’m only 
a girl welder, and new around here 
anyway. But why ai^e we using or¬ 
dinary all-purpose electrodes on this 
job, when MURFX FHP would knock 
it off in very much less time? The last 
place I worked specialized in the fab¬ 
rication of heavy bases and machine 
frames. We always used MUREX 
FHP on this sort of thing. Why don’t 
we position these frames and .. 

Tommy looked at me oddly. "Say 
no more, sister," he said. "Say no 
more. 1 should have seen right off the 
bat that this is a natural for downhand 
welding and good old MUREX FHP. 
But we were in such a rush, and I 
wanted to use up our .stock of £6010 


rods, and ..." 

The next day, a load of MUREX 
FHP came in. The first assembly was 
finished in eight hours as against the 
twelve the other rods took —saving 
of over thirty per cent! 

And, the MUREX man did us an¬ 
other good turn, by giving us a big 
new Wall Chart, which lists and clas¬ 
sifies all of M&T’s 30-odd electrodes. 
Now, when a new job comes in. 
Tommy consults the chart carefully 
to see which MUREX rod is the one 
to use...and he says we’ve saved lots 
of headaches that way. 

If you have anything to do with 
arc-welding, you’d better send for 
the new Wall Chart for yourself. 
Just address: 


IMS 



METAL & THERMIT COREORATION 

J20 BflOADWAy, NfW /ORK 5; N. Y. 
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by unanimous vote of the Board of Direc¬ 
tors, except that no member of the Board 
of Directors shall vote upon his own 
admission. 

Article IX 

Section 8. Honorary Directors—Nomi¬ 
nations for Honorary Directorship may be 
submitted to the Board of Directors in 
writing, by any corporate member of the 
Society. Such nominations shall state the 
qualifications of the nominee for this 
office and shall be referred to the Honorary 
Membership and Honorary Directorship 
Committee for its recommendations. Honor¬ 
ary Directors shall be elected by unani¬ 
mous vote of the Board of Directors, ex¬ 
cept that no member of the Board of 
Directors shall vote upon his own ad¬ 
mission. They-shall hold office for life 
or until removed from office by majority 
vote of the Board of Directors. 

Article XII 

Section 13. Committee on Awards—A 
Committee on Awards consisting of five 
members each serving for a period of five 
years, one member retiring each year. 
The member senior in respect to service 
shall be Chairman. It shall be the duty 
of this Committee to make the awards 
and nominate those to present honorary 
lectures at the Annual Meeting and to 
arrange for the presentation of such 
medals, certificates or other awards as 
may be authorized by the Board of 
Directors. 

Upon authorization by the Board of 
Directors, the President may appoint su^ 


committees to this committee for stated 
terms to provide for the prosecution of some 
Particular project or. projects. 

Section 14. Honorary Membership and 
Honorary Directorship Committee. A 
Committee on Honorary Membership and 
Honorary Directorship of five members 
comprising the President, First Vice- 
President, Second Vice-President and the 
two latest Past-Presidents, who are living, 
and continuing to be members, whose 
duties shall be to present a statement of 
qualifications and make recommendations 
to the Board of Directors regarding all 
nominees presented for Honorary Mem¬ 
bership and Honorary Directorship in the 
Society and to arrange for the presenta¬ 
tion of the certificate. 

Renumber Sections 14 through 22 as 15 
through 23. 

Report of Public Relations Committee 

The following recommendation sub¬ 
mitted by the Public Relations Com¬ 
mittee was unanimously approved: 

General Recommendation on Pro¬ 
cedure to be Followed Where Specifi¬ 
cations, Regulations or Directives are 
Issued by Other Societies or Agencies 
That Are Considered to Be Ill-Advised, 
Incorrect or Otherwise Detrimental to 
the Best Interest of the Industry. 

Where specifications, regulations or 
directives are issued by other societies 
or agencies and such are considered to be 
ill-advised, incorrect or otherwise detri¬ 
mental to the best interests of the welding 
industry, the staff shall submit the particu¬ 


lar question to the proper Akbsican Weld¬ 
ing Society committee, with the request 
that such committee advise the Board of 
Directors as to the facts. 

That the Board of Directors then deter¬ 
mine what further action shall be taken in 
the matter and whether the action shall be 
taken by the Public Relations Committee, 
other committee or by the staff. 

Technical Activities Committee 
Recommendations 

It was voted that the Code of Minimum 
Requirements for Instruction of Welding 
Operators: Part A—Arc Welding of 

Steel */ii to *A in. thick, be given the 
status of a full standard of the Society, 
in accordance with the recommendation 
of the Technical Activities Committee. 

It was voted that authorization be 
granted the Technical Activities Com¬ 
mittee to proceed with publication of a 
modified version of the U. S. Army 
Ordnance Inspection Handbook for Manual 
Metal Arc Welding, issued as an A.W.S. 
emergency standard. 

Report of Special A.W.S. Group on Filler 
Metal Technical Specification 
It was voted to accept the finding of the 
special group appointed to hear and con¬ 
sider the objections of J. F. Lincoln to the 
joint A.W.S.-A.S.T.M. Specifications for 
Arc Welding Electrodes, which in effect 
reads as follows: 

"That it is the opinion of the group 
that there is insufficient evidence of a 
necessity for any change in this speci¬ 
fication at the present time." 



# Cylinder-itis is caused by excessive 
cylinder-handling costs ... by interrupted 
welding operations . . . and by the 
return of cylinders which are not actually empty! 

If your shop is troubled with cylinder-itis investigate the 
time and money-saving advantages of a modem 
RegO Manifold ,. . there’s no obligation .. .write today! 


R^O 


:^ASTIAN-BLESSINBW-y 


4241 Patarson Ava. Chicago 30. 111. 
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YOUR SHOP 


HAVE CYLINDER-ITIS? 
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PropoMd A.W.S. Railroad Wading 
CoounittM Recommended Scope and 
Personn^ 

It was voted that the scope and per¬ 
sonnel of the A.W.S. Railroad Welding 
Committee, recommended by the Tech¬ 
nical Activities Committee, approved. 
The scope and personnel of the Committee 
as approved, is given below: 

Scope 

The A.W.S. Railroad Welding Com¬ 
mittee will be concerned with the formula¬ 
tion of safe, sound and progressive prac¬ 
tices in the application of welding and 
associated processes to the railroad in¬ 
dustry. The Committee will bring to¬ 
gether representatives of the railroads 
and car and locomotive builders for a 
mutual interchange of information; for 
the stimulation of new activities; and 
for the widest possible dissemination of 
existing welding knowledge. 

Personnel {22) 

Leland Grant {Temporary Chairman), 
Chicago, St. Paul & Milwaukee R.R., ■ 
Milwaukee, Wis. 

S. A. Greenberg {Temporary Sectary), 
American Welding Society, 33 West 
39th St., New York 18, N. Y. 

E. R. Battley, Canadian National Rail¬ 
ways, Montreal, Quebec, Canada. 

B. Bbhop, Lima Locomotive Co., Lima, 
Ohio. 

W. G. Boese, Pullman Standard Car Mfg. 
Co., Michigan City, Ind. 


J. Cannon, Asst. Chief Eng., Mt. Vernon 
Car Mfg. Co., Mt. Vernon, III. 

A. B. Chapman, Chesapeake & Ohio Rail¬ 
road, Huntington, W. Va. 

B. W. Covell, Northern Pacific Railway, 
5th & Jackson Sts., St. Paul, Minn. 

Charles Herdy, Illinois Central Railroad, 
Paducah, FCy. 

M. A. Herzog, The St. Louis & San 
Francisco R.R., Springfield, Mo. 

John Hengstler, The Pennsylvania Rail¬ 
road, Altoona, Pa. 

John Hruska, Electro-Motive Division, 
General Motors Corp., La Grange, Ill. 

T. M. Jasper, General American Trans¬ 
portation Corp.. 135 S. La Salle St.. 
Chicago, Ill. 

F. A. Longo, Southern Pacific Railroad. 
65 Market St., San Francisco, Calif. 

J. S. Miller, New York, New Haven & 
Hartford R.R., New Haven, Conn. 

Robert Moran, Missouri Pacific Railroad, 
Rm. 1110 M.O.P. Bldg., St. Louis, Mo. 

H. A. Patterson, Atchison, Topeka & Santa 
Pe R.R., 80 E. Jackson, Chicago, Ill. 

A. J. Ralley, Canadian Pacific Railway 
Co., Montreal, Canada. 

A. J. Raymo, Baldwin Locomotive Works, 
Philadelphia, Pa. 

J. W. Sheffer, American Car & Foundry 
Co.. 30 Church St., New York, N. Y. 

A. F. Stiglmeier, New York Central Rail¬ 
road, 466 Lexington Ave., New York, 
N. Y. 

H. S. Swan, American Locomotive Co., 
Schenectady, N. Y. 


. DR. WENDELL F. HESS HONORED 

At a luncheon meeting of the American 
Iron and Steel Institute, George S. Rose, 
Secretary of the Institute, presented to 
Dr. Wendell F. Hess, President-Elect of 
the Ambrican Wblding Society, the In¬ 
stitute Medal for the year 1944 for his 
paper, entitled "Recent Progress in the 
Scientific Application of Welding to 
Steel." 

The American Iron and Steel Institute 
Medal was estabUshed by the Directors at 
their thirty-second general meeting in 
New York on Oct. 28, 1927, to per¬ 
petuate the memory of the late Elbert H. 
Gary, first President, and to stimulate im¬ 
provement in the American iron and steel 
industry. The Medal is awarded for a 
paper read before the American Iron and 
Steel Institute having special merit and 
importance in connection with the activi¬ 
ties and interest of the American iron and 
steel industry. 


TECHNICAL SOCIETIES COUNCIL 

Seventeen technical and professional 
societies of Greater Kansas City, their 
memberships totaling approximately 3000 
highly trained persons, joined forces in the 
Technical Societies Council. 

Formal organization by the thirty-four 
delegates at a dinner, July 9th, at the 
Hotel President was hailed as an indica¬ 
tion of determination by researchers to 
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W-?l, A.W.S. C6610 


For high-quality vertical and over¬ 
head welding on mild steel with rev- 
polarity d-c. Deep penetration. 
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taar this poga out and 
fastan' ta wall far a raady* 
rafarance chart. 


W-26, A.W.S. E60U 

For high-quality vertical and over¬ 
head welding on mild steel with alter¬ 
nating current. Deep penetration. 

W-20, A.W.5. €6012 

For general all-position welding on 
mild steel with a-c or straight-polar¬ 
ity d-c. Good for poor-ht-up Work. 

Medium penetration. 

W.30, A.W.S. €6012 

For high-speed welding on mild steel 
with a-c or straight-polarity d-c. 

Medium penetration. 

W-25, A.W.S. €6013 

For welding light-gage mild steel in 
any position with a-c or straight- 
polarity d-c. Light penetration. 

W-24, A.W.S. €6020 

For welding horizontal fillets and 
flat joints on mild steel with a-c or 
straight -polarity d-c. Approved for 
both conventional and deep-fillet 
techniques. Deep penetration. 

W-27, A.W.S. €6020 

For horizontal fillet welds and jdnts 
of all types in the flat position using 
a-c or d-c. Deep penetration. 

W-52, A.W.S. €7010 

For high-quality vertical and over¬ 
head welding on low-alloy, high- 
tensile steel with reverse-polarity d-c. 
Deep penetration. 

W.54, A.W.S. €7020 

For welding- horizontal fillets and 
flat joints on low-alloy, high-tensile 
steel with a-c or straight-polarity d-c. 
Deep penetration. 

W-55 

For all-position welding of SAE 4130 
and low-alloy, high-tensile steels us¬ 
ing a-c or straight-polarity d-c. 
Medium penetration. 

W-56, A.W.S. €7011 

For high-quality vertical and over¬ 
head welding of low-alloy, high- 
tensile steels using a-c or reverse- 
polarity d-c. Deep penetration. 

W-58, A.W.S. €801 1 

For high-quality welding of chrome 
moly steel, in all positions, using e-e 
or reverse-polarity d-c. Deep pen. 

W-93 

For building up wear-resisting sur¬ 
faces using a-c or reverse-polarity 
d-c. Medium penetration. 

W.83 

For welding cast iron in any position 
with reverse-polarity d-c or with a-c. 

Medium penetration. 
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explore every opportunity for the indus¬ 
trial upbuilding of this region. 

Dr. W. M. Hoehn, representative of the 
American Chemical Society and employed 
by George A. Breon & C^., was named 
chairman of the council, with C. M. Lytle 
of the Missouri Society of Professional 
Engineers and the Kansas City Power & 
Light Co., as vice-chairman, and Charles 
Briggs, American Society of Mechanical 
Engineers and the Bums & McDonnell 
Engineering Co., as secretary-treasurer. 
All three have been prominent in profes¬ 
sional organizations. 


WELDING ARMY'S NEW FLOATING 
ALUMINUM BRIDGE 

The atomic-hydrogen arc-welding proc¬ 
ess and machine welding by the new inert- 
arc a.-c. process without flux, both of 
which were developed by the General 
Electric Co., have been approved by the 
Army Engineer Board for use in the con¬ 
struction of the Army’s lightweight, or 
floating aluminum, pontoon bridge. The 
newly designed bridge consists of-a series 
of ballcs or hollow square beams of alu¬ 
minum alloy, which are so light that they 
can be placed by hand and so strong that 
they will bear 50-ton loads. The beams 
lock together with pins and form a flooring 
which rests on pontoon boats. 

Original specifications for the balks or 
beams called for automatic carbon arc 
welding of the longitudinal seams, two of 
which are required to make a box section 


from two extruded channels. However, 
as the result of samples made by G-E en¬ 
gineers at the Detroit plant of the Copco 
Steel and Engineering Co., approval has 
been given for the use of the atomic-hy¬ 
drogen and the inert-arc a.-c. processes. 
The latter process has also been approved 
for use in making manual closure welds on 
the ends of the balks. 

It is expected that the use of either of 
these processes will result in welds of high 
quality and better contour, made at higher 
speeds and at lower costs than the methods 
previously authorized. Furthermore, 
elimination of flux in the inert-arc a.-c. 
process is expected to save both time and 
money by making pickling unnecessary. 


MUREX DISTRIBUTORS 

Metal & Thermit Corp. announces the 
appointment 6f the following companies 
who win handle their line of Murex arc 
welding electrodes; Welding Equipment 
& Mill Supply Co., Gallon, Ohio; Indus¬ 
trial Gas Distributors, 1916 Vermont 
Ave., Toledo 2, Ohio; Randall-Ebner Co., 
316 Jay St., La Crosse, Wis.; Alhambra 
Repair & Machine Shop, 1315—30th St., 
Sacramento, Calif.; Acme Welding Sup¬ 
ply Co., Fargo, N. D.; J. D. Hopper 
Welding Supplies, 1500 S. Mmn St., An¬ 
derson, Ind.; Kirk-Wiklund & Co., 1704 
Baltimore Ave., Kansas City 8, Mo. 


ELECTRODE CHART 

A comprehensive index has been com¬ 
piled by the Reid-Avery Co. on the vari¬ 
ous arc-welding electrodes on the market. 
The chart covers Carbon Steel, Stainless 
Steel, High Tensile, Hard Surfacing and 
Manganese Steel Electrodes. In so far as 
the mild and low-alloy steel electrodes are 
concerned, they are arranged in accord¬ 
ance with A.W.S.-A.S.T.M. classification. 
The Stainless Steel Electrodes are ar¬ 
ranged in accordance with the A.I.S.I. 
classification. The Hard Facing Elec¬ 
trodes are classified according to Hardness. 
Chart will be furnished upon request of 
the Reid-Avery Co., Inc., Dundalk, Balti¬ 
more 22, Md. 


LINCOLN DISTRIBUTORS OPEN NEW 
OFFICE 

Announcement of a new office at 211 
State St., Bridgeport, Conn., ha-< been 
made by Alfred B. King & Co., distribu¬ 
tors of Lincoln arc welders and welding 
supplies for The Lincoln Electric Co., 
Cleveland, Ohio. 

Establishment of the new Office was 
affected to render more efficient service 
to the large number of customers in Fair- 
field County, according to officials of A. B. 
King & Co., whose main office is located at 
New Haven. 

Mr. Howard Pennington will be in 
charge of the new office. 
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RESISTANCE WELDERS 
Let us tell you How 



VERSATILE MODERN 
PRODUCTION TOOLS 


READY-TO-NAIL MOULDINGS 

Decorative or utility type metal mould« 
ings with steel braJs permanently at¬ 
tached, ready for continuous nailing, 
are made on a high production basis 
with (he aid of automatic resistance 
welding employing a press type welder 
developed by The Federal Machine and' 
Welder Company. The moulding is 
automatically indexed for proper spac* 
ing and the brads automatically cut and 
fed from wire reels. They go on in a 
hurry, and they never come off. The 
process is adaptable to many sizes of 
moulding and brads or nails. 


“SELF-FASTENED” FABRICATIONS 

Heavy duty metal tool and tackle 
boxes are made in the modern manner 
without the aid of any fasteners other 
than weld nuggets of the fabricated 
metal. One manufacturer has devised a 
lid-locking box in which not only is 
the box itself completely resistance 
welded, but hinges, handles and even 
the removable tray are made without 
fastenings. Using Federal spot welders 
with variable electrodes, this method 
can be made highly flexible ... profitable 
on small runs of a variety of sizes and 
styles of containers. Such welders, op¬ 
erated according to instructions, make 
fabrications that are well nigh inde¬ 
structible . . . neat and modern in 



USEFUL SPOT WELDER BOOK 

Detailed descriptions of a complete 
line of rocker-arm type spot welders 
made by The Federal Machine and 
Welder Company, plus some interesting 
discussibn of (he type of work to which 
they are best suited, are included in a 
new book olTered by this company. 
Designated as "Bulletin No. 4510", it 
contains helpful information on air- 
operated, motor-operated and foot-op¬ 
erated spot welders. 

The new book gives a clear idea of 
what a rocker-arm spot welder is and 
what it can do. It combines data former¬ 
ly available in a group of separate fold¬ 
ers, and is designed to simplify the 
problem of wclecting the type of spot 
welding equipment best suited to par¬ 
ticular production set-ups. Free copies 
may be h^d on request. 
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AMERICAN BUREAU OF SHIPPING 
MEETING 

The Semi-Annual Meeting of the Board 
of Managers of the American Bureau of 
Shipping was held July 31st in the board- 
room of the Bureau at 47 Beaver St.,-New 
York City. 

President J. Lewis Luckenbach presided, 
and in his remarks stated; 

"Production of large merchant types of 
seagoing .vessels over 2000 gross tons by 
American shipyards during the first six 
months of 1945 reflects the ctirrent taper¬ 
ing off of the war emergency shipbuilding 
program. While the results achieved dur¬ 
ing the past half year have been very com¬ 
mendable, they cannot compare with the 
tremendous production during the last six 
months of 1943, when the peak in mer¬ 
chant vessel construction was reached. 
However, more than three vessels per day 
have been finished so far this year. Com¬ 
pletion ' of merchant vessels during the 
last half of this year will taper off still 
further, but gradually, so that on Jan. 1, 
1946, there will remain to be completed 
for the Maritime Commission about 58 
vessels of 500,000 gross tons and 750,000 
deadweight tons, plus a few fm the Dutch 
government, and whatever new contracts 
develop in the interim. About 617 large 
merchant vessels of 4,175,170 gross tons 
now remain to be completed for the Mari¬ 
time Commission and other interests, plus 
more than 550 small vessels. 

"Between Jan. 1st and June 30th. 
American shipyards completed 674 large 


merchant vessels of 5,037,6^19 gross tons 
and 6,825,106 deadweight tons. The 
horsepower of the propulsion machinery 
installed in these vessels totals 3,917,960, 
which includes 164,900 horsepower of in¬ 
ternal combustion engines. This brings 
the total production through the war years, 
1939 to date, up to 4709 vessels of 35,838,- 
764 gross tons and 51,496,746 deadweight 
tons, with 20,903,948 horsepower of pro¬ 
pelling machinery, of which 757,618 horse¬ 
power was Diesel power. This is truly a 
remarkable and unparalleled achievement 
by the shipbuilding industry of the United 
States, an industry which but ten to twelve 
years ago, dtiring the depression, only 
constructed five or six big ships per year. 
It has been clearly demonstrated that the 
industry retained the know-how and also 
a nucleus upon which expansion could be 
built. 

"The total production of merchant ves¬ 
sels over 2000 gross tons by American 
shipjrards during the war years is equal to 
more than one-half of the ntimber and two- 
thirds of the gross and deadweight tonnage 
which existed throughout the world in 
1939 before the start of hostilities. It is 
twice as large in number and two and one- 
half times in tonnage as the prewar British 
Empire ocean-going merchant fleet. 

"Merchant vessels over 2000 gross tons 
completed during the first six months of 
1945 include 110 tankers and 564 cargo 
vessels and transports. The 110 tank ves¬ 
sels have a deadweight of 1.787.921 tons, 
and all but three are of the large ocean¬ 
going type. Turbo-electric propelling 
machinery is install^ in 102 of these ves¬ 


sels. The 564 cargo and transport type 
vessels have a deadweight of 5,037,185 
tons, and included in this total are 97 of 
the Cl-M Diesel propelled cargo vessels. 
Included also are 225 Victory ships, mak¬ 
ing a grand total of this type to date of 
434 (A 4,521,387 deadweight tons. 

"The emergency Liberty ship building 
program was recently completed, except 
for 12 of 24 vessels which are being built 
as colliers and 24 which will be used for 
the transport of boxed aircraft. Up to 
July 1st a total of 2682 Liberty ships had 
been completed by 18 shipyards, includ¬ 
ing 62 vessels finished as tankers and 12 
as colliers. The 2608 Liberty cargo ships 
were built in an average time of 61.8 days 
each, with a good many being turned out 
in 28 and 30 days at some of the yards. 
The Liberty ship fleet, including all types, 
has a deadweight carrying capacity of 
28,477,437 tons—a tonnage which is 
greater than the entire prewar deadweight 
tonnage of the British Empire ocean-going 
merchant fleet, which then totaled 22,133,- 
400 tons. The Liberty ship fleet equals in 
tonnage the entire prewar ocean-going 
fleets of Japan, Norway, Germany, Italy, 
Netherlands, France and Greece. In fact, 
the Liberty tonnage is equal to more than 
one-third of the tonnage existing in the 
world before the war commenced in 1939, 
which was 72,859,400 tons. 

"Tanker building for the past six months 
has continued at the rate of about 200 per 
year, the rate at which they were built dur¬ 
ing 1943 and 1944, so that American ship¬ 
yards have completed since Sept. 1939, a 
total of HS9 of 6,837,117 gross tons. 


For Berfer and fasier Welding 

DUCTONE AC 
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WELDING RODS 
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WELDING ELECTRODES 


■ PITTSBURGH, PA 

k . ' . 


. . COMMtRCIRL CHAINS . . . TIRE CHAINS 


GENERAL SALES OFFICES: YORK, PA. 


THE 


JL HE advantages of McKay Stainless Welding Electrodes are now 
made available to AC equipment users by the addition of an AC 
series to the popular McKay certified and researched line. 

These new AC electrodes, conforming to A.I.S.I. specifications 
and type numbers, have a special titania coating (cream in color) 
and similar operating characteristics to their corresponding stain¬ 
less types for DC Reverse or DC-AC operating. Available in 25 or 
50 lb. cartons. 

Full information is obtainable from your nearest McKay repre¬ 
sentative or distributor. Your inquiries are invited. When ordering 
be sure to specify—AC Type. 


AVAILABLE IN 
THESE GRADES 

Type No. 308 


Type No. 309 


Type No. 309 Cb 


Type No. 310 


Type No. 316 


Type No. 347 


No. 410 


Type No. 430 


Type No. 502 
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10,873,860 deadweight tons and 4,942,580 
horsepower. About 112 American flag 
tankers of 1,425,000 dead-weight tons 
have been lost during the war. In 
Sept. 1930, there were 366 ocean-going 
tankers over 2000 gross tons each, of 
4,282,100 deadweight tons registered under 
the American flag. We now have 858 
tankers of 13,150,000 deadweight tons, or 
about 65% of the world tanker tonnage 
now in existence. An additional 76 
tankers of 820.500 deadweight tons are 
owned by American interests but regis¬ 
tered under the flag of Panama and other 
nations. Another 68 large tankers of 
1,000,000 deadweight tons remain to be 
built before the end of this year. Although 
about 600 United Nations tankers of 
6,800,000 deadweight tons have been lost 
during the war from a prewar world total 
of 1507 of 16,008,300 deadweight tons, 
there is now in existence a greater number 
and tonnage of world-owned tank ships 
than ever existed before. This type of 
vessel now totals about 1580 of 20,200,000 
deadweight tons—an increase of 4,000,000 
tons over the prewar fleet. With a 26% 
increase in the average speed of the Ameri¬ 
can tanker fleet, there is an apparent ad¬ 
ditional increase of 3,000,000 deadweight 
tons. 

"Prospects for new shipbuilding in the 
future on a more normal basis are fair. 
A number of designs have been prepared 
contemplating the construction of special 
types of vessels to replace the many that 
have been lost during the war or radically 
converted for military use. Some of these 


new shipbuilding proposals should mate¬ 
rialize in time to provide work for shipyards 
before the end of the war-emergency ship¬ 
building program. 

"Of the ships now under construction, a 
total of 88 of 775,000 gross tons and 1,000,- 
000 deadweight tons have been contracted 
to be purchased by American shipping 
companies. All of these are included in the 
present Maritime Commission program. 
The nucleus of the new American merchant 
matine is thus being formed, with ship 
owners replacing old and lost tonnage with 
modern economical vessels. The pros¬ 
pects are that in the international trades 
American ship owners will resume opera¬ 
tions with practically all new tonnage. 

"Structural difficulties in welded ships 
continue to decline in number. The ex¬ 
perience gained by research work that has 
been carried on not only in this country but 
abroad, and with which this Bureau is 
familiar, undoubtedly has had a beneflcial 
effect. There is no question but that 
welding is definitely here to stay. I might 
mention that the new tanker SS Phoenix 
and the new ore carrier, SS Venore, are 
both most noteworthy vessels, each excel¬ 
ling but in different factors. The Phoenix 
is the largest all-welded vessel in the world 
and the Venore, while welded to a large 
degr^ is not completely welded, and has 
the most modem machinery installation 
with pressures hitherto untried on ship¬ 
board, which I have previously described. 

"If we looked at alone from the unem¬ 
ployment status which we may expect 
following the cessation of hostilities, it 


would seem that it would be our duty to 
keep as many ships as possible on the high 
seas. Millions of dollars have been spent 
and many thousands of men trained in the 
running and navigation of ships and their 
machinery. It is our duty to see that they 
get jobs in a profession for which we have 
equipped them. The more ships and men 
we have visiting the ports of the world, the 
more we can sell to these nations and the 
more we can buy. 

"We speak of a going fleet and a laid- 
up reserve fleet of sufficient size, which is so 
necessary to our national security. The 
greater the fleet that will be kept, in 
operation and not laid up, the more 
men trained and engaged in their opera¬ 
tion, the better our national security. 
The keeping of ships in operation not only 
affords employment to the personnel on 
shipboard but also to the shipyard and 
repair plants which have built up their 
facilities and where a large number of 
skilled workers in the profession of ship¬ 
building and repair have been gained. We 
should use extreme care before we scrap 
too much of an industry which has been 
built up at such tremendous expense, both 
in time and dollars, and human endeavor, 
and which we may need again. The best 
way to do this is to find re-employment for 
our ships under peace conditions so we can 
really have that security which we all want 
and for which we have been fighting this 
war. 

"Ships in themselves are of no value. 
We found that out. It is the ship with the 
personnel schooled* in its operation that is 




CHAS. EISLER 
EISLER ENGINEERING CO. 

779-SO. I3'b ST. N..r AVON AVE N E W A R K, 3 N. J. 


We manufacture a complete line 
of resistance spot welders from 
to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 

TRANSFORMERS OF AU TYPES 

WE INVTTE CONTRACT SPOT WELDING 
m LARGE OR SMALL QUANTITIES. 



BEHIND THE SCENES AT 

Tinited Ti^elcCutf 


Submit your 
drawingi for ceit 
otiimoloi or fool 
froo to ceniull 
Uniiodonglnoon. 


There you will find the fatett In facilities, including sand 
blast equipment, annealing ovens . . . everything nec- 
essory for the production of welded products or ports in 
greot volume. 

There you will find operators long skilled in fabri¬ 



cating ports laid out by engineers equolly skilled in 
design, 

Weldments of greot sixe ond weight . . . simple or 
complicoled . . . o few ports or runs of mony thousands. 


THE UNITED WELDING CO. 

MtOeUTOWN, OHIO 
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T ube turns Catalog ill can answer **yes'’ to 
over 4,000 "have you got it?” welding fitting 
questions. This complete line of Tube-Turn weld¬ 
ing fittings, available through seleaed distributors 
in every principal dty, is saving time and money 
for large and small users all over America. 

Being able to get a// the welding fittings for any 
job from a single source is more important than 
ever, as thousands of plants plan urgently needed 
repairs and replacements. Tube-Turn welding fit¬ 
tings were the Jirst seamless welding fittings. The 
many years of experience gained in building the 
complete Tube Turns line can be of help to you in 
solving your own piping problems. That experi¬ 
ence is freely offered through your Tube Turns dis¬ 


tributor, backed by the nearest branch office and 
the vast resources of the home office. 

Your Tube Turns distributor is worth knowing. 
He carries a comprehensive stock, and is prepared 
to furnish exactly what you need, rather than some¬ 
thing "just as good.” Write today for your free 
copy of Tube Turns Catalog 111, a valuable hand¬ 
book of welding fittings information. 

Salectad'Twb* Turns distributers in every principel 
city ore ready te serve yeu frem cenqtlete stecks. 

TUBE TURNS (Inc.), Louisville 1, Kentucky. 
Branch Offices: New York, Chicago, Philadelphia, 
Pittsburgh, Cleveland, Dayton, Washington, D.C., 
Houston, San Francisco, Seattle, Los Angeles. 
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The Oxweld CM-12 Cutting Machine and the Completed Rack. Notice That a Pair of Racks 
Axe Made with Each Single Cut. Gear Blanks Have Been Cut from Fart of the Slab, Using 

the Same Machine 


the valuable unit. A ship in itself is a 
menace if the personnel on board that 
ship are not skilled in its operation. This 
is particularly true in war when many of 
the aids to navigation used in peacetime 
arc blacked out because of hostilities. Let 
us think twice before we scrap—-lay up— 
and dispose of to others—too much of our 
tonnage.” 


FLAME-CUT CINDER CAR RACK 

By using an oxyacetylenc shape-cutting 
machine, a midwestem steel plant re¬ 
cently saved more than 50% of the cost of 
a new piece of equipment. This plant 
needed a replacement dor a cinder car 
rack, a structure 5 ft. x 4 in. x 2*/^ in., used 
to hold the cinder car while it is being 
tipped to discharge its molten slag. The 
original rack had been cast. To avoid 
the high cost and lengthy delay that would 
be involved in making a pattern and mold 
for the single replacement, it was decided 
to Rame-cut the part from a 5-in. thick 
steel slab with an Oxweld CM-12 shape¬ 
cutting machine. 

Since only a limited number of the 
racks were to be cut, a templet for guiding 
the cutting machine was sawed out of V<- 
in. composition board instead^of using the 
standard aluminum templet strip. Thi:^ 
faster, cheaper method was entirely sat¬ 
isfactory for this application because the 
templet was used only a few times. 

Total cost for material and cutting for 


each rack was estimated at S18.30 as 
compared with $40, the estimated cost of 
a new cast part. Flame cutting was suOi- 
ciently accurate so that no machining of the 
part was necessary. A further saving is 
realized by this steel plant since it is now 
unnecessary to stock these racks as re¬ 
placements or wait for delivery when 
needed 


PRACTICAL DESIGN FOR ARC 
WELDING—VOL. 3 

Practical X>esign for Arc Welding — Vol. 
3, by Robert E. Kinkead, published by 
The Hobart Brothers Company, Troy, 
Ohio. Cloth Bound, 8Vs x 11', 200 pages. 
Price per volume $3.50; 3-volume set, 
Vols. 1. 2. 3. $l(l.fH), 



WITH 


NO-SPAT 


No Carbon 


Monoxide 


NON-TOXIC 
WELDING FLUID 


Produces no monoKide 
fumes * Prevents ad¬ 
herence of spatter • 
Protects metal from 
rust * Maintains 
welding strength 

* Ready to use 

* Inexpensive 

* Saves labor 

* Saves time 


FREE rOLDEB 


The Midland Paint & Varnish Co. 

9126 RENO AVENUE CLEVELAND, OHIO 



ASK FOR COST REDUCING FACTS 

ALUMINUM BRAZING 

More practical to braze than weld with 
KREK^O ALXJMINUM BRAZING PROCESS. 
Speeds up production—Lowers Gas Con¬ 
sumption—Reduces Finishing Costs—Mini¬ 
mum Rejections^New Operator Tr ainin g 
Time Halved, Used with a standard 5 % 
Silicon Rod. Send for bulletin S. 6. 


KRE-CO MULTICHEMIC FLUX 

DIVISION OF 

CHARLES W. KRIEG CO. 

52-60 Dickerson St. Newark 4, N.J. 
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Clort Typ* "K" S«aUd-in Relay 




Contacts are welded to 
nickel silver springs by spe¬ 
cial process. 


E-t-AJr c 


TYPE "K” SEALED-IN'RELAY 


Strong, hard, long wearing 
Bakelite bushing insulators 
resist vibrotion and heavy 
contact pressures. 


• Welding timers have to stand the gaff. They are an impor¬ 
tant part of the production line which cannot lag from failure 
of individual units. 


That’s why the Weltronic Company of Detroit, Michigan, 
chose Clare Enclosed “Custom-Built” Relays as important 
components of their automatic weld and sequence timers. 
These trouble-free units are sealed against dirt and dust. The 
plug-in feature makes them as easy to service and replace as 
an electronic tube. 

Five Clare Type “K” Sealed Relays, in individual protective 
housings, are located on the hinged control panel of the 
Weltronic Weld Timer illustrated above. These small, com¬ 
pact, fast-operating relays provide accurate timing for each 
operation in the welding cycle. 


Clare “Custom-Built” Relays give maximum reliability in such 
special funaions because of the flexibility of Clare design which 
offers a relay that will give exceptional service, long life, and 
absolute dependability for the specific requirement. 

Exceptional performance is being provided by Clare “Custom- 
Built” Relays for sequence control of machine tools, counting 
equipment, electric eye controls, in radio, radar, and many 
other electronic devices. Designers and engineers should 
know about Clare Relays. Send for the Clare catalog and 
data book. Address: C. P. Clare & Co., 4719 West Sunnyside 
Avenue, Chicago 11, Illinois. Sales engineers in all principal 
cities. Cable address: CLARELAY. 


Enclosed CLARE 'eMtom-Scott" RELAYS 

Assure Long Life, Trouble-Free Operation 
for WELTRONIC WELDING TIMERS 
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Iq this third and final volume of the 
Hobart welding design series, in addition 
to more of the “idea stimulators” that have- 
been presented in the first two volumes, 
Mr. Kinkead has developed three different 
lines of thought that will be of particular 
interest to welding designers and fabri- 
cators. 

Twenty design plates show in graphic 
form valuable hints on what not to do in 
designing for Arc Welding. These plates 
show common faults in design—with sug- 
gestions as to how they may be avoided. 

In another twenty plates, Mr. Kinkead 
suggests the natural origin of many com¬ 
plex, modem design principles. In fact 
these pages might appropriately bear the 
title, “Romance of Design.” If you take 
your designing seriously, you’ll enjoy 
these pages thoroughly. 

The final twenty plates show typical 
patents that have been granted in connec¬ 
tion with the welding process, suggesting 
that the designer and fabricator of welded 
parts may be able to originate new meth¬ 
ods that can be protected by patents. 

Volumes 1 and 2 or “Practical Design 
for Arc Welding" are still available at 
S3.50 each; the 3-volume set being 
specially priced at SIO.OO. 


NEW POWER TAKE-OFF 

An idea in a power take-off direct-con¬ 
nected to a truck motor and eliminating 
the conventional V-belt drive, comprises 
one of the most compact setups of this 


New Power Take-off Unit for Truck 
Motor 

kind and permits a more convenient and 
efficient means for making readily avail¬ 
able various power applications wherever 
they are required. 

The accompanying views show one use 
for this portable power- arrangement 
whereby it is used to drive the generator 
for an arc-welding outfit supplied by The 
Lincoln Electric Co., Cleveland, Ohio. 

The power take-off, designed and built 


One Application of Power Take-off for 
Driving Welder Generator Shown Here 
Mounted in Truck Body 

by A. Tangen, 3269 Hogarth, Detroit, 
Mich., can quickly be installed in any 
Ford or Dodge truck as a permanent setup, 
although it can easily be removed or rein¬ 
stalled in a few minutes. Built as a unit, 
the driving mechanism fits directly over 
the standard transmission case of the 
truck and does not interfere in any way 
with the normal use of the truck. 

This is said to be a very economical and 


SERVICE ENGINEER 

QQAUFICATIOnS: good koowledge of resisUnoe welding 

mufainea and eleetronio control. Fair 
education and good personality required. 

JOB DBSCRIPnOR: setting up and testing the machines in 

our plant; gsneral service work in the 
field. Must be sble to travel as condi¬ 
tions require. 

WORKING CONDITIONS: clean modern shop; sincere, considerate 
supervision. High caliber fellow work- 
_ ers. 

OPPORTUNITIES: limited only by your aggreeaiveness and 

productivity. Our key men and future 
_ saleemen ohoeen from this group. 

OUR COMPANY: young enough to be agpessive, old 

enough to be well-established. Ko _re- 
. conversion problem. Our profit-sharing 
plan, group insurance, bonus system 
plus the fact that our worksrs themselves 
are etookholders, makes this company a 
reoognis^ leader la employer-employee 
relationship. 
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AMEUCAN WELDDfE BOCIETT 

n WmI Wlh SttMl New Teak It, N. T. 


TIP CLEANING DRILLS 

Mounted in Knurled 

BRASS Handled 

LARGE* STOCK 
PROMPT DELIVERY 
NO RATING REQUIRED 

DISTRIBUTORS WANTED 

NEW MEXICO STEEL CO- 

Box 691, Albuquerque, N. M. 



Buy ‘‘Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade^Name is^ANXI-BORAX” 

Ask for Them Unequalled for Quality 

A Flux for every metal: Cast Iron Welding Flux 
No. 1} Brazing Flux No. 2; Braz-Cast Flux No. 4 
for bronxe'welding cast ironi **ABC'* Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 

ANTI-BORAX COMPOUND COMPANY 

Fort Wayne* Indiana 
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Electrodes, Wires, Fluxes 

hr welding MONEL • NICKEL • INCONEL 

including the recently announced ^132** A.C.~D.C. Rod 
for welding INCONEL and Inco ^2” Cos Welding Flux 
far oxy-acetylene welding of alloys containing chromium 


Osr-AtttyUae. .**40** Monel G«« Welding Wire. 


Oiy-Acelylene.**43** Monel Gat Welding Wire. 


leltl>Aie.**130X** Monel Welding Electrode D.C. 


^bncrged Melt..**S0** Monel Wire. 


■KEL 


-Acdrleae..**41** Nickel Gat Welding Wire. 

lUrc.**131** Nickel Welding Electrode D.C. 

M«U..**51*’ Nickel Wire.. 


ONEL 


lene.**42** Inconel Gat Welding Wire. 


.**132** Inconel Welding Electrode A.C.-D.C. 

Melt..**52** Inconel Wire. 


30 COPPER-NICKEL 


jlene .**47** 70/30 Copper-Nickel Gat Welding Wire. 


I-Aie.**137** 70/30 Copper-Nickel Welding Electrode D.C 

MeU..**S7** 70/30 Copper-Nickel Wire. 


MONEL 


lene.**44'* **K*’ Monel Gat Welding Wire. 


Arc.**134** **K'* Monel Welding Electrode D.C. 


NICKEL 


Are.**136** Nickel Welding Electrode D.C. 


NICKEL-CLAD STEEL 


Meial-Arc....**131** Nickel Welding Electrode D.C. 


L NICKEL-CLAD STEEL 


Metal-Are....**136** Nickel Welding Electrode D.C. 


■*0NEL CLAD STEEL 


•Arc....**130X** Monel Welding Electrode D.C. 


.For welding Monel, using InCO “1” Oat Welding 
and Brazing Flux 

.For welding heavy tectiont of Monel for acid 
pickling service — no flux required 
. For welding Monel; and Monel or Nickel to steel 
Nickel to steel 
For welding Monel 


For welding of pure Nickel — no flux required 
For welding pure Nickel 
For welding pure Nickel 


For welding Inconel, using iNCO “2” Gas Weld¬ 
ing Flux 

For welding Inconel 
For 'welding Inconel 


.For welding 70/30 Copper-Nickel using Inco 
*‘ l” Gas Welding and Brazing Flux 
.For welding 70/30 Copper-Nickel 
.For welding 70/30 Copper-Nickel 


.For welding "K" Monel, using 2 parts iNCO “2” 
Gas Welding Flux and 1 part Lithium Fluoride 
.For welding "K" Monel 


For welding “L” Nickel 


For welding Nickel side only 


For welding *‘L” Nickel side only 


For welding Monel side only 


ONEL CLAD STEEL 


Metal-Arc....**133** 80/20 Nickel-Chromium Welding-Electrode A.C.-D.C.For welding Inconel side only 


INCO **1** Gas Welding and Braaing Flux —For the 
welding and brazing of Monel and other nickel-copper 
alloys: coppor and copper-nickel. 


INCO **2** Gas Welding Flux — For the welding of all 
stainless steels, rustless irons, Inconel and other chromium- 
containing alloys. 


































convenient method for supply generator 
power from the truck piotor without the 
use of belts. Power is transmitted direct 
from the motor, thus the speed of the gen¬ 
erator is the same as that of the motor. 
This has been found entirely satisfactory 
although the speeds could be varied if 
necessary under special gear ratios. The 
governor, which can be cut in or out quickly, 
is connected with the power take-off. 

In the installation illustrated the welder 
generator and supplemental equipment are 
compactly positioned in the truck imme¬ 
diately behind the cab. 

The outfit is available as a kit with com¬ 
plete instruction for mounting, or it can 
be installed in the truck by the manufac¬ 
turers. 

AMPCO ISSUES WELDING 
TECHNIQUE BULLETIN 

Ampeo-Trode Welding Technique, a 
bulletin describing methods of welding 
with Ampeo-Trode coated aluminum 
bronze weldrod, has just been released by 
Ampco Metal, Inc., Milwaukee 4, Wiscon¬ 
sin. This is a letterhead size edition con¬ 
taining a "Weldability Chart for Copper- 
base Alloys” that shows the range of 
metals tlmt can be successfully welded 
with Ampeo-Trode. Copies of the bulle¬ 
tin will be sent free on request. 


UNDERWATER WELDING PHOTOED 

The practicability of welding and cut¬ 
ting under water has been proved success¬ 
ful by a number of recent applications, 
such as salvage work on damaged war ves¬ 
sels. However, such work has literally 
been "done in the dark” as no one except 
the diver or a companion has been able to 
see the actual operation of this modern 
technical development of the arc-welding 
process. Now, for the first time, so far as 
known, underwater welding has been suc¬ 
cessfully pictured. 

Shown in the upper dramatic view, Mr. 
R. L. E. Cook, Welding Engineer for 
Armco International Corp. and represent¬ 
ing The Lincoln Electric Co., Cleveland, 
Ohio, is clearly seen arc welding under 15 
ft. of water. The welding is being done 
with a mild steel electrode having a special 
coating that is impervious to water. 

The photo was taken through a porthole 
in the specially designed tank used fot 
training welders in underwater welding 
and cutting operations in the Mechanical 
Division of The Panama Canal Zone. 

In the lower view, Mr. Cook is shown 
holding a test plate of sample weldments 
made under water. Shown from left to 
right are W. Badders, master diver and one 
of the principal figures in the rescue of 
crew members of the submarine "Squalus;” 



R. L. E. Cook, welder-diver show*n in the 
top photo; Captain W. A. Swanson, and 
J. R. Morgan. G. E. Fleager in diving 
gear is seen partially submerged at lower 
right. All except Mr. Cook are employed 
in the Mechanical Division of The Panama 
Canal Zone Authority. 

If further information is desired, R. L. E. 
Cook can be reached care of Armco Inter¬ 
national Corp., Middletown. Ohio. 


ALL-WELDED CIRCULAR LUTING 
MAGNET 

For general lifting magnet service, han¬ 
dling pig and scrap iron, slabs, castings and 
similar materials, The Electric Controller 
& Mfg. Co. of Cleveland, Ohio, announce 
the Type SW All-welded Lifting Magnet. 

Radically different from previous con¬ 
struction, the Type SW has its coil en¬ 
closed and hermetically sealed by con¬ 
tinuous welds in a metal case. In the 
accompanying illustration, the magnet¬ 
housing has been cut away to show how 
this metal-encased coil is welded into the 
housing to provide a double seal against 
the entrance of moisture. Welds are con¬ 
tinuous along the inner and outer circum¬ 
ferences of the coil-case and magnet¬ 
housing. 

Inner and outer pole shoes are also 
welded in place to form a streamlined mag¬ 
net with straight sides. There is no over¬ 
hang to catch on sides of railroad cars and 
the elimination of recesses in the side of 
the magnet for bolt heads permits a mag¬ 
net of full diameter throughout its depth. 
This allows wider interior space, permit¬ 
ting a coil of greater diameter. 

The coil case after welding, is vacuum 
treated and filled with a new (No. 282) 
compound which is then baked until it 
polymerizes to a stable condition. This 
new thermosetting compound is resilient 
and coilings to metal, has high dielectric 
•strength, will not melt under heat (making 
it very desirable when handling hot ma¬ 
terials) and will not become brittle. 
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•Special Instructions 
FAXigets it all on the metal 


New reproduction process speeds 
today’s output of welded components 

You have a job to do ... a quantity of pieces to 
weld—or to cut—which must fit others "on the 
nose” at final assembly . . . 

Complicated? Not with the Transfax Process, 
which puts full instruction and working drawings 
on the metal to be fabricated—with all the line-for- 
line completeness and accuracy of the originals 
from your Engineering Department—in a matter 
of minutes. 

Welders simply "read” what’s on the metal. . . 
follow the lines ... cut or weld as indicated . . . 
Tough and durable, Transfax resists bending, 
shearing, punching, and the welding torch itself. 
The Transfax Process saves you time ordinarily 
wasted in checking blueprints, instructions, di¬ 
mensions, all the imy down the line! 


Hard to do, or expensive? Not at all, for Trans¬ 
fax needs only a spray gun and a watering hose for 
equipment. Follow these three swift steps and 
you’re in production. 

1— Spray with quick-drying Transfax Spray, for a 
light-sensitive surface that makes possible the 
reproduction of drawings . . . 

2— Place original drawing in contact with sensi¬ 
tized surface . . . expose briefly to arc or mer¬ 
cury-vapor light . . . 

3— Rinse with weak ammonia solution, then with 
water . . . the drawing is on the metal. . . 

A basic working-partner to welding, the Kodak 
Transfax Process speeds production ... ends error 
... helps the welding industry take on new and 
profitable operations. For full informa¬ 
tion on the dollar-saving Transfax 
Process, write today to: 

EASTMAN KODAK COMPANY, 

ROCHESTER 4, N. Y. 




KODAK TRANSFAX PROCESS 


Soves Time ... Ends Error... Speeds Production 


Kodalo 











NEW PRODUCTS 

The Society assumes no responsibility 
for the validity of claims in this Section 


INCONEL WELDING ELECTRODE 

Production of a new Inconel welding 
electrode, suitable for both a.-c. and d.-c. 
welding of wrought Inconel, cast Inconel 
and the Inconel side of Inconel-clad steel, 
has been announced by The International 
Nickel Co. 

The new rod is now in production at the 
company’s Bayonne Works and is re¬ 
garded by engineers as a long step forward 
in the development of welding electrodes 
for use with both alternating and direct 
current. 

The new electrode is of particular im¬ 
portance for welding of Inconel in such 
fields as chemical and aviation industries, 
as well as in the general metallurgical 
fields. 

Characterized by improved arcing quali¬ 
ties, simplicity of slag removal and an 
ability to make crack-free welds in any 
thickness, this electrode may be used on 
either straight or reversed polarity with 
d.-c. motM* generator sets. 

Recommended amperages for the new 
Inconel welding electrode, based upon 
electrode diameter, are indicated in the 
following table prepared by the Develop¬ 
ment and Research Division of The In¬ 
ternational Nickel Co.; 

Electrode Diameter Recommended 
Amperages 



A. C. 

D. C. 

0.075 in. 

40-50 

30^0 

Vw in. 

45-60 

35-50 

V« in. 

90-110 

80-100 

*/» in. 

130-150 

110-130 

»/n in. 

150-170 

130-150 


ANTI-FOG PREPARATION 

A new anti-fog preparation for keeping 
goggle lenses, face shields and welding 
plates clear is announced by the American 
Optical Co., Southbridge, Mass. 

Fog on lenses, the concern points out, is 
annoying—but, more important, it is 
actually dangerous since it obscures vision 
and increases accident frequency. 

The new AO anti-fog matnial, made 
from a scientific formula to penetrate the 
ultramicroscope pores of gla^, deposits a 
thin film which helps prevent fogging, 
steaming and frosting of all types of glass 
surfaces. In addition, it removes grease 
and dirt from glass, and allows perfect 
visibility. 

The preparation is easily applied by 
simply spreading it on both surfaces of 
glass, rubbing the surfaces thoroughly, and 
then polishing them with a soft cloth or 
paper. The anti-fog preparation is ob¬ 
tainable in a I-oz. jar or a I-lb. jar. 


UGHT DUTY SEAM WELDER 

Thorason-Gibb Electric Welding Co., 
Lynn, Mass., has just introduced a new 
Thomson seam welder, known as the 
Model 6, for work ranging from 30 to 18 
gage clean, mild steel in two thicknesses. 
Production speeds range up to 20 ft. per 
min. 



Like the heavier duty seam welders this 
model is capable of a wide range of appli¬ 
cation. It may be employed for circular 
or for longitudinal welds, or as a universal 
machine with swiveling upper head and 
interchangeable lower arm (as shown in 
the picture) for ready and rapid conver¬ 
sion from circular to longitudinal seaming. 
It is available in various throat depths and 
transformer capacities to suit the work. 

The welding wheels may be gear or 
knurl driven and the drive may be applied 
to either the upper, or lower, or both 
wheels. 

Shown in the picture are the worm re¬ 
duction, motor drive and the series-parallel 
16-point heat regulator. Separate water 
cooling circuits are provided for the trans¬ 
former, upper welding shaft, head, lead 
bracket, lower welding arm and bracket. 

Electronic current timing control per¬ 
mits a wide range of work and assures 
uniform, rapid and economical produc¬ 
tion. 


HARD-FACING AUOTS 

There are many pieces of wearing 
equipment whose life is destroyed by heat, 
corrosion, impact or abrasion, or a com¬ 
bination of several of these factors. With 
the development of Stoody 1 and Stoody 6, 
two nonferrous hard-facing alto 3 rs for oxy- 
acetylene application, life of these parts 
was increased from three to ten times. 


There are, however, numerous applica¬ 
tions fco* wear-resisting metals of this type 
which cannot be satisfactorily hard fac^ 
with oxyacetylene equipment, such as 
heavy equipment wherein welding econ¬ 
omy becomes a factor, or intricate shapes 
where heat treatment or desirable physi¬ 
cal properties of the base metal may be 
destroyed by the torch fiame. 

For these applicatious Stoody Co. now 
offers two new hard-facing alloys for elec¬ 
tric application, viz.; Coated Stoody 1 
and Coated Stoody 6. A special dipped 
coating makes application easy with 
either a.-c. or d.-c. electric equipment, and 
at the same time protects the alloying 
elements so that weld deposits are pro¬ 
duced having the same analysis and physi¬ 
cal properties as those applied by the oxy¬ 
acetylene torch. 

Tj^ical applications are as follows: 
vegetable and fish oil expeller parts, 
heavy hot punches, capstans, heavy 
blades for cutting scrap or shearing hot 
steel, blast ftunace ble^er valves, blow¬ 
ing engine gas valves and seats, heavy 
mill guides, hot trimming dies, blanking 
dies, forming dies, stoker screws, coke 
oven push shoes, hot clinker conveyor 
screws, etc. Stoody Co., Whittier, C^if. 


WELDING POSITIONER 

The "Standard” Welding Positioner is 
designed to fill the need for a reasonably 
priced—completely powered—entirely en¬ 
closed—multi-purpose machine which wiU 
provide easy and positive control of the 
rotation, elevation and tilting of work up 
to 700 lb. 

Beside its superiority for both produc¬ 
tion and job welding, the machine 
proved adaptable for moving work past 
the torch and quench in flame-hardening 
operations. The table can be removed 
easily and various jigs attached directly 
to the elevating screw. Also, work may be 
mounted on the table and set quickly at 
any angle with worker to facilitate inspec¬ 
tion and assembly operations. 

The Positioner is provided with the new 
built-in "Standard” variable speed trans¬ 
mission and hydraulic cylinder for definite 
power control with a single Vrhp., 110-, 
'220- or 550-v. electric motor so that linear 
speeds from 1 to 180 in. per minute are 
easily set and regulated. There are no 
belts or clutches—reversing is instantane¬ 
ous. Standard Machinery Co., Provi¬ 
dence 7, Rhode Island. 


ELECTRIC IDLING DEVICE 

To save gasoline and prolong engine 
life, a new mercury-type Idling Device 
which automatically shuts down the gaso 
line engine to idling speed 12 to 15 sec 
after the operator has stopped welding is 
announced by The Hobart Brothers Co., 
Troy, Ohio. 

To bring the engine to normal welding 
speed, the operator merely strikes an arc. 
The idling device and governor are linked 
with the throttle in such a manner that the 
device can close the throttle without hav- 
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For production work, an ever increosing number of 
leoding manufacturers are now using EUTECTIC Rods 
ond Fluxes in place of fusion welding, brazing and 
silver soldering, because the EUTECTIC Low Tempero- 
ture* Process affords them new economies and addi¬ 
tional advantages over conventional welding meth¬ 
ods. Not only ore many of the most difficult problems 
solved through the application of EUTECTIC Rods and 
Fluxes but ordinary welding jobs are performed at 
lower cost by means of this revolutionary process. 

In the solution of numerous welding problems in¬ 
volving high strength, freedom from distortion, warp¬ 
ing and minimum after-machining, the record of 
EUTECTIC achievements is constant proof of the superi¬ 
ority of EUTECTIC Lew Temperature* Welding Rods 
and Fluxes. 

EUTECTIC RODS AND FLUXES FOR 
EVERY METAL JOINING JOB 

By means of 48 specially developed Rods and Fluxes 
the many advantages of EUTECTIC Low Temperature* 
Welding can be employed to join all metals. Every 
standard method of heating such as Gas — Arc — 
Induction and Furnace can be used since EUTECTIC Low 


RODS 

ND FLUXES 


Welding 


Slaal tprackaf gaor waldad 
wifh EutacRad 14. Cor- 
laadi at itaal wara tavad 
by ilmplltylnf tha daitpn 
at this mochina port. Sap* 
oreta campanantt wara 
waldad taeathar with high 
taniila EwtacRad 16. 


Temperature* Rods and Fluxes are supplied in rod, 
wire, strip and powder form to meet all requirements. 

If you have tough metal joining problems or are 
planning new production, NOW is the time to investi- 
gote EUTECTIC Low Temperature* Rods and Fluxes by 
calling in your local EUTECTIC Field Engineer who will 
gladly help you. In the meantime, why not order the 
all-round selection of 9 important EutecRods for your 
current work and experimental jobs. Moil the coupon, 
or write on your company letterhead. 

EUTECTIC eofvea tougfi widing problems 
mnd maftes routine jobs easier. Try it today / 

*l(aa, Trodatnoili U. S. Pal. Offica 



Aluminwm Kibing waihai 
and faur aluminvm icraw$ 
ottamblad with EwtacRod 
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quolltiat at EutacRad 190. 



EUTECTIC WELDING ALLOYS COMPANY 

ORIGINATORS OF EUTECTIC LOW TEMPERATURE WELDING 


Ireet New York 13, N. Y. 

Please tend me camplata facts about EUTECTIC Rods end Pluxat end 
tnformalien an how to purchote o selection of the 9 mast important 
EulecRodt for every day use. Dept. INI 


Company.. ... .. . ^ . 
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MERCURY TYPE IDLING DEVICE 

ing to resist the governor action. When 
welding, the governor controk the engine 
speed without any interference from the 
idling device. The device can be made in¬ 
operative by opening an off-and-on toggle 
switch without affecting the welder or 
gasoline engine operating characteristics. 

ALL-PURPOSE ELECTRODE 

The Champion Rivet Co., Cleveland, 
Ohio, who this year celebrated their 50th 
Anniversary, announce their new A.W.S. 
6011 electrode known as Champion 
BLUE-DAC. This electrode has been 
tested and approved by the American 
Bureau of Shipping and The Lloyds 
Register of Shipping under the new 
specifications A233-45 T for electrodes 
prepared jointly by the A.S.T.M., and 
A.W.S. It is suitable for welding in all 
positions with a.-c. current, or d.-c. re¬ 
verse. 

The Champion line includes mild steel 
electrodes, high-tensile electrodes, stain¬ 


less steel electrodes and a complete list of 
welding accessories. 

BRAZING ASSEMBLY 

A saving of 13 cents per part on stand¬ 
ard cam followers was made possible 
through the adoption of a two-piece copper 
brazing assembly method at The Glenn L. 
Martin Co., Baltimore, Md. Prior to this 
time the cam followers had been machined 
in one piece from solid steel bar stock. 

The assembled part consists of a rec¬ 
tangular flange with small tubular pro¬ 
jections at each side from the center hole 
of the flange. 

In the old method the followers were 
“sculptured” from round bar stock on a 
screw machine. The parts were roughed 
out, finished to the proper diameters and 
the center hole was drilled and reamed. 
Two small holes in the flange for attaching 
the part of its next assembly were then 
drilled and burred. Another operation 
was required to blank off both sides of the 
round flange to make it rectangular. 

Using the brazing method, the cylindri¬ 
cal portion of the assembly is a piece of 
stock steel tubing, which is sized to the 
proper diameter for brazing and cut off 
in the screw machine. The rectangular 
flanged portion is blanked from strips of 



Rings of Copper Brazing Material Are 
Slipped Over the Assemblies on the Part 
Header. After the Assemblies Are in the 
Furnace, the Copper Melts and Is Drawn 
Into &e Joint by Capillary Attraction 

steel stock by a progressive die. The 
round hole in thk rectangular piece 
through which the cylinder passes is 
blanked and sized to proper dimensions 
in the same operation. Proper dimensions 


are essential to ensure a satisfactory braz¬ 
ing fit. 

For brazing, the cylindrical portion is 
slipped into the hole in the flange after 
which the assembly is placed on a part 
bolder and the rings of copper brazing are 
placed on each assembly at the joint. The 
parts holder is loaded with the assemblies 
and placed in an electric brazing fiumace. 
During the brazing process the copper 
ring melts and creeps into the joint by 
capillary attraction, resulting in a strong 
clean joint. 

After brazing, manufactiu'ing procedure 
to finish the parts is the same as in the 
prior method. The two attaching holes 
are drilled and burred, the cam portion 
profiled by milling and the edge luudened 
by induction heating. 

During tests the new type followers 
were found to have strength beyond any 
previous design requirements. 


ALL-PURPOSE ELECTRODE HOLDER 

This new electrode holder offers many 
practical improvements in design to in¬ 
crease welding efficiency by 20%. It is 
fully insulated, and known as the Garibay 
"360.” It is light in weight (17 oz.), 
simple and compact for ease in manipula¬ 
tion. Carries 350 amp. continuous con¬ 
ductivity. Offset jaws provide a full view 
of work at all times, making welding pos- 



WE WANT 

MACHINE DESIHNERS and DRAFTSMEN 

for developmeoty design, layout and detailing of 
special and experimental industrial machinery. 
Men with creative ability preferred, experienced in 
electrical, hydraulic and pneumatic application. 
Only persons with well-founded practical experi¬ 
ence should apply. Permanent positions with 
good salaries and opportunities for advancement 
in a growing organization are possible for those 
who qualify. All replies confidential. Address 
J. F. Joy, Vice-President-Eng’g. The Federal 
Machine & Welder Company, Warren, Ohio 


NET MONTHLY ADVERVSING RATES 
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better Varts Vaster 



n«iM Hardsning. Using spncSol ftom* bordnning tips, as in thn cos* of this 
g*ar, surfac* hardaning con h» confined to oroos of ports subject to w*or or 
abrasion. Quench spray follows immediately after the healing torch reducing 
rim* at heat to the minimum. Worpago is minimized and groin structure and 
dpctjlity of untreoted areas are wnchonged. Using o slightly corburizing Aome, 
swrfece decorburizotien is hold to a minimum and little or no finishing after 
hardening is required. (Net* even penetration of hardness in the photo above.) 


Controlled Almespher* Annealing. 
Us* of Aireo high-purity nitrogen 
in controlled atmosphere annealing 
of metals of dll kinds assures high¬ 
est sotisfoetion. 


Flome Heating for Bending. 
The oxyocetylene torch with 
special multiple heating tip 
presents unlimited possibilities 
for heoting metals for bending 
ond otherwise shoping where 
sultoble furnace equipment it 
not ot hand. 


HaoM Spinning, in spinning this bomb, the hoot of the exyocety* 
leno fiom* keep*; tho motol et proper plotricHy threugheut th* 
forming eporotien. 


name Doscallng. This simple Aireo process, 
udng the oxyocetylene torch with speeiot 
tips, quickly and thoroughly removes fur* 
nee* scale from heot treated, annealed 
ond normalized parts. The heat of the 
torch causes the Kole to expend and pop 
off th* relatively cool surface of the 
parent metal. 


OTHER 

AIRCO PROCESSES 
SERVING THE 
METAL-WORKING 
INDUSTRIES 


Machine 0«s Cutting. ArcWelding,flat* 
Edge Preparation for Welding, low 
Temperotore Brozing, Braze Welding, 
Helium* Shielded Arc Welding, Pip* 
Welding, Herdfaeing, Flam* Nicking of 
Billets, Flam* Cleaning and Dehydret* 
ing, Flam* Oovging, Hand Gas Cutting 



Air Re puctio iv 


&meral OffICM: 60 EAST 42nd STREET, NEW YORK 17. N. Y. 

In Jntt: MAGNOLIA AIRCO GAS PRODUCTS CO. * General Offices: HOUSTON 1. TEXAS 
Offices in all Principal Cities 
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sible in places ordinarily inaccessible. It 
uses all the coated portion of the electrode. 
Bending of the rod and breaking the flux 
are never necessary. Pull throat*construc¬ 
tion provides easy flow of electricity with 
a minimum of resbtance. Scientifically 
ventilated for cool handling. Equipped 
with a mechanical cable connector which 
does away with the slow solder method. 

Write Yarco Distributors, 215 West 7th 
St., Los Angeles 14, Calif., or 120 Wall St., 
New York 6. N. Y. 


LIGHT GAGE WELDING 

A new 3-step Thinweld attachment that 
gives wider range to standard arc-welding 
machines and makes it possible to weld 
from 10 amp. up through, the maximum 
rating of the welding machine without any 
dead spots in the complete welding range 
is announced by The Hobart Brothers Co., 
Troy, Ohio. 

Tliis is an ideal attachment for arc¬ 
welding machines being used in widely di¬ 
versified fabricating plants and job shops 
where .the work may vary from extremely 
heavy to the lightest gages practical for 
welding. 

The No. 413 Thinweld attachment is fur¬ 
nished with a d-ft. cable which is connected 
to the ground terminal of the welding ma¬ 
chine and the ground lead Ls connected in 
turn to the wing nut on the Thinweld. 

When installed on Hobart arc welders at 



THINWELD ATTACHMENT 


the factory, the No. 412 Thinweld installa¬ 
tion is attached permanently on the back of 
the welding machine and is connected to 
the first and second range of the ten range 
switch. Thus, in the first range, the 3-step 
Thinweld permits additional lower amper¬ 
age for light-gage welding and the other 
ranges from two to ten give the operator 
the wide range of higher amperage for 
welding of the heavy gages. 

878 


CUTTING ELECTRODE 

A new and vastly improved type of cut¬ 
ting Electrode, permitting greatly in¬ 
creased speed in metal cutting and for use 
at unlimited depths underwater, has been 
released by the EUwood Products Corpora¬ 
tion, EUwood .City, Pa. So designed that 
any skilled workinan can successfully cut 
metal after only ten minutes instruction, 
the Ellpro Electrode was developed 
primarily to permit salvage of damaged 
ships by the U. S. Navy, that are endan¬ 
gered by large masses of bent and twisted 
armor plate which prevent their proceed¬ 
ing to navy yards for repairs. Cutting 
away the extruding material means the 
ships can return to harbor under their own 
power for complete overhauling. 

The Ellpro Electrode is made of steel 
in the form of a hollow tube with an ad¬ 
hesive type coating which prevents it from 
sticking to the cutting surface. It is used 
with oxygen, which permits safety to the 
user at any depth underwater, whereas 
other methods of cutting become danger¬ 
ous as the depth and pressure increase. 

The adhesive coating was developed 
through cooperation, research and ex¬ 
haustive testing with the U.S. Naval Engi¬ 
neering Experiment Station at Annapolis 
and the Minnesota Mining and Manu¬ 
facturing Company. Over two years were 
spent in experimentation on hundreds of 
different types of coatings and the ad¬ 
hesive type most successfully met all re¬ 
quirements under the most difficult con¬ 
ditions. The Ellpro Electrode, with this 
coating, has been in production for some 
time and is the latest design offered for use 
in industry. 

Speed of operation is a major advantage 
of the new Ellpro Electrode; a molten arc 
is obtained the instant it is placed against 
the surface to be cut. It can be used suc¬ 
cessfully underwater or anywhere on land, 
with either a.-c. or d.-c. current. A torch 
holder, perfected for use with the Ellpro 
Electrode, prevents it from burning down 
to a point where it cannot be removed with 
ease. As cutting life ends, it can simply be 
drawn from the holder and a new one 
inserted with practically no loss in time. 

Although the Electrode was designed 
primarily for undenvater cutting, it is 
easily adapted to cutting scrap iron or 
steel, salvaging sunken marine equipment 
and rehabilitation work in war-tom cities 
and towns. Since no particular skill is 
needed, many other applications in bridge, 
dam, building and highway construction 
are foreseen for post-war use. 

Further details and engineering data on 
the Ellpro Electrode can be obtained from 
this publication or by writing directly to 
the EUwood Ptoducts Corporation, EU¬ 
wood City, Pa. 


NEW LINE OF FLASH WELDING 
MACHINES 

Development of an entirely new line of 
butt-flash welding machines in five stand¬ 
ard sizes embodying numerous new design 
and operating features to provide maxi¬ 
mum flexibility as to application, ease of 
maintenance and operation, safety and re- 
liabUity—has been announced by Pro¬ 
gressive Welder Company, 3050 E. Outer 
Drive, Detroit 12, Michigan. The ma- 
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chines range in electrical capacities from 20 
kva. to 250 kva. The five basic sizes, 
which comprise this range, are classified 
and rated according to recommended 
specifications of the Resistance Welder 
Manufacturers' Association. 



The Striking New line of Progreanve 
Flash Weldi:^ Machines Are Built in Rve 
Standard Sizes Ranging in Electrical Capa¬ 
cities from 20 Eva. to 250 Kva. 

One of the numerous outstanding fea¬ 
tures of the new Progressive line of flash 
welders is the full hydraulic operation 
through a single self-contained hydraulic 
unit available on the larger models. In 
these, the unit is mounted within the frame 
of the machine and can be removed with¬ 
out disassembly for inspection or service. 
It contains three pumps: (1) a rotor 
blade pump for platen traverse; (2) a gear 
type pump for clamping the work to the 
electrodes; and (3) a piston pump to fur¬ 
nish pressure for the upset action. 

The design and construction of the new 
Progressive flash welding machines enables 
the ready mounting of all manner of special 
horizontal and vertical acting clamping 
fixtures and tooling to allow for wide 
variations in sizes and shapes of work en¬ 
countered in the field—which may be 
welded interchangeably on these standard 
Progressive machines. All clamping fix¬ 
tures are fully adjustable in two planes, 
permitting universal alignment. 

Use of a single hand lever, with a push 
button for control of welding current 
mounted at its tip, enables the operator to 
control all stages of the welding cycle from 
one position. The rate of platen travel fol¬ 
lows the movement of the hand lever in 
both forward and reverse directions, and 
both this rate and the position of the 
platen arc indicated on a large calibrated 
dial opposite the operator. 

Manual control of flash and upset opera¬ 
tions is by movement of the band lever to 
the left and pressing the push button to 
initiate and maintain the welding current. 
Upset pressure is applied during the latter 
part of the lever travel by preset cam 
action. Return of platen after welding Ls 
accomplished by moving the hand lever to 
the right. 

Full automatic contiol is initiated by- 
pressing the platen traverse button. The 
machine then carries through the ap¬ 
proach, flash and upset, and return cycle. 

Semi-automatic control provides man¬ 
ual approach with automatic flash and up¬ 
set. During any phase of either t)T>e of 
control the.platen travel may be stopped 
or reversed by moving the hand lever 
Additional push buttons are provided for 
control of feed, motor on-off and weld, no¬ 
weld at the operating position. 
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Eliminates drilling and tapping studs- 
NELSON ARC STUD WELDING! 




Elimingtes hand weld* 
ing to secure bolt or stud. 
Unsightly bolt head is 
omitted. 


Instead stud is welded to 
metal—equal in strength 
yet saves three or more op¬ 
erations! 


Automotic stud welding saves dme and ma¬ 
terial. It eliminates the costly operations of drilling, 
tapping, and hand welding bolts for studs. With the 
Nelson Stud Welder "flux-hlled” studs are automati- 
tally end-welded to metal instantly. Uniform welds 
with full-fillet result every time. 

All standard stud diameters from %(}" to are 
manufactured—all may be welded with the same stud 
welding unit. A standard welding generator is used. 

The equipment is ponable and may be used eflfec- 
tively in any position or operated as a production 
unit from a fixed jig. (Multi-gun units are available 
for special production jobs.) More than 700 indus¬ 
trial plants and shipyards are using thousands of 
stud welders in time-saving applications. No previ¬ 
ous welding experience is necessary for operators. 

The Nelson Stud \Yelder welding 

through locating template. 


For complete details, prices and catalog write: 

NELSON SPECIALTY 
WELDING EQUIPMENT CORP. 

Dept. J, 440 Peralta Avenue 
San Leandro, Californio 

Eastern Representative; Camden Stud Welding Corp. 
Dept. 122, 1416 South Sixth Street, Camden, N.J. 


Cutaway view of stud weld 
after etching with Nilal. 


Complete fusion of 

stud to metal is obtained— 
a deep penetration. Fillet 
not only on outer surface of 
stud but complete binding 
through base. Automatic 
timing control and uniform 
heat produces these results 
—consistently and quickly. 
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FLUX 

“Flo-Well” No. 1, an improved free- 
flowing flux for the gas welding of alu¬ 
minum and aluminum alloys, is now being 
manufactured by A. K. Mauk, 7542 Ham¬ 
ilton Ave., Pittsburgh 8, Pa. 

Flo-Well is used to gas weld wrought, 
cast or high-tensile aluminum and alumi¬ 
num alloys, of any size or shape, wher¬ 
ever welding is possible. As a result of im¬ 
proved methods of manufacture, Flo-Well 
will positively not solidify or deteriorate. 
It can be easily applied by inexperienced 
welders. 



Flo-Well Is Easily Handled and Quickly 
Applied 


Flo-Well, which is being widely used 
by the aviation and other industries, is 
packaged in V*- to 25-lb. glass containers 
to protect the flux from moisture. It may 
also be purchased in ton lots. Free 
samples and instructions for use of this 
flux, will be forwarded by the manufac¬ 
turer upon request. 


“TUFANHARD” ELECTRODE 

A new heavy coated hard surfacing elec¬ 
trode that welds like mild steel and “wears 
like a diamond” has been developed by 
the Hobart Brothers Co., Troy, Ohio. 
This new electrode, designated as “Tuf- 
anhard” is made in three grades, “GOO,” 
“400” and “260” which corresponds with 
the Brinell hardness of deposited metal. 

While “Tufanhard” produces a hard 
alloy weld, it has all of the ease and 
smoothness of operation ordinarily at¬ 
tributed to a heavy coated mild steel rod. 
It can be used in all positions with no more 
skill than is required by the so-called 
“cold” rod. The welds can be made con¬ 
tinuously with overlapping beads without 
the necessity of removing the slag, and 
the low spatter loss and smoothness of 
bead requires only a small amount of 
grinding in finishing, making it very eco¬ 
nomical to use. The deposit can be heated 
and drawn to any temper within the range 
of the type rod used. 

Hobart “Tufanhard” will cq)erate on 
either alternating or direct ciurent, 
straight polarity being recommended when 
using d.-c. machines. Electrodes are 
made in 14-in. lengths, in V«*. */»r, Vi«* 
and ^A-in. sizes and packed in 5- and 25- 
lb. cartons. 


NEW THREE-PURPOSE WELDING 
ELECTRODE 

A new combination tjrpe welding elec¬ 
trode, Airco No. 315, designed to produce 
horizontal fillet welds with fiat or slightly 
concave profiles and concave fillets in the 
flat position, as well as satisfactory deep 
fillet and deep groove, has been an¬ 
nounced by Air Reduction. 

Usual applications for the new electrode 
include pressure vessels and their connec¬ 
tions, heavy machine weldments, struc¬ 
tural assemblies such as trusses, built-up 
girders and connections and practically 
all heavy steel assemblies where high weld 
qualhy is important. 

Airco No. 315 electrode is recognizable 
by its steady, forceful spray type arc. 
The thick porous slag which completely 
covers the weld deposit under practically 
every condition is readily removed. The 
electrode may be used with conventional 
technique, employing normal currents, 
under which conditions medium pene¬ 
tration is obtained. Deeper penetration is 
secured, however, when the deep fillet 
technique is used with the high currents 
recommended for this procedure. The 
new Airco No. 315 can be used for any job 
that calls for a 6020 or 6030 electrode and 
may be applied with either the alternating 
or direct current, straight or rererse po¬ 
larity. 

Further data are available on request 
from Air Reduction Sales Co., 60 East 
42nd St., New York 17, N. Y., or any local 
Airco office. 


THEISINGER PROMOTED 

William G. Thesinger, who has been 
Director of Welding Research at Lukens 
Steel Company, Coatesville, Pa., since 
February 1041, has been appointed Assist¬ 
ant to Vice-President, it was announced 
today by D. S. Wolcott, Vice-President of 
the company. Dr. Thesinger will assist 
Mr. Wolcott in work connected with the 
manufacture, sale and application of 
special products such as clad steels. 

Dr. Theisinger joined Lukens in August 
1935 as Welding and Metallurgical Engi¬ 
neer and has specialized in the handling of 
technical matters involved in the applica¬ 
tion, fabrication and sale of the comptany's 
products. 

Dr. Theisinger was bom in April 1904, 
in Carlisle, Pa. After attending Harris¬ 
burg public schools, he became Assistant 
Chemist at Harrisburg Steel Corporation. 
In 1925 he became associated with the 
Board of Transportation of the City of 
New York in the development of welding 
inspection. 

In 1930, Dr. Theisinger matriculated at 
Harvard University receiving the degree 
of Bachelor of Science in 1934. That sum¬ 
mer he served the Western Pipe and Steel 
Company as Consulting Engineer on high 
amperage, automatic welding. In 1935, 
after completion of post-graduate wcrk at 
Harvard, he received the degree of Doctor 
of Science. 

Dr. Thesinger is a member of the 
American Welding Society, the Ameri¬ 
can Institute of Mining and Metallurgical 
Engineers, the American Branch of the 
Newcomen Society of England, the Frank¬ 
lin Institute and the Harvard Club of N.Y. 
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ANNUAL MEETING PROGRAM 

As announced previously the American' 
Welding Society will confine its Annual 
Meeting Program to a one-day session on 
Thursday, October 18, in New York. The 
morning will be given over to the Award of 
Medals and Prizes and the Adams Lecture 
by Dr. S. L. Hoyt of Battelle Memorial In¬ 
stitute, on “Selection of Steel for Weld¬ 
ing.” 

In the afternoon there will be the regular 
Business Meeting of the A.W.S. and the 
Installation of new Officers. Following 
this there will be a meeting of the newly 
elected Board of Directors. 

In the evening, the New York Section of 
the A.W.S. will celebrate its 25th Anniver¬ 
sary by holding a Dinner Dance at the 
Hotel Pennsylvania, New York. An out 
standing speaker will be selected for the 
occasion. Ladies are cordially invited to 
attend. Price of the tickets is $6.00 per 
person. These may be purchased from 
Mr. H. O. Klinke, Air Reduction Sales Co.. 
181 Pacific Avenue, Jersey City, N. J., or 
Mr. George Schneider, Acetylene & Weld¬ 
ing Equipment Co., 1065 Atlantic Avenue. 
Brooklyn, N.Y. 


SECTION NEWS 

With the lifting of some of the restric¬ 
tions against the use of paper The Weld¬ 
ing Journal will resume publication of 
Section Activities and New Members in 
the October issue. 


Employment 
Service Bulletin 

POSITIONS VACANT 

V-172. Long-established New Jersey 
Machinery Manufacturer wants two Re¬ 
gional Managers: one lor Eastern Area; 
one for Central Area, to call on established 
distributors and customers. Experience 
in selling welding equipment preferable, 
but not essential. Excellent postwar possi¬ 
bilities. In replying give experience and 
statement of availability. 

V-173. Welding Engineer for progres¬ 
sive expanding welding factory; with 
technic^ background, capable of super¬ 
vising production; experienced in all 
phases of gas and arc welding of lighter 
gage metals; familiar with spot welding 
aluminum and induction brazing; able to 
design jigs and fixtures for production. 
Excellent postwar opportunity. Write de¬ 
tails and background, experience and 
salary. 

V-174. Production Superintendent or 
Engineer familiar with processes involved 
in fabrication of stainless steel tanks of 
large capacity. Must have knowledge of 
stainless steel welding, insulation and re¬ 
frigeration relative to storage of perishables 
in these tanks. Forward abstract of busi¬ 
ness and personal history. Salary open. 

SERVICES AVAILABLE 

A-502. Welding Supervisor with maiiy 
years of laboratory, shop and construction 
experience. Knowledge of foreign lan¬ 
guages. 
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a HOBART Runs Cooler 


under all conditions, because Hobart's^designlng 
engineers specified plenty of copper fo|operate at 
norma/ speed, with effective two-way ventilation. A 
heavy duty, suction type fan of special 
in the fresh 


‘sign draws 


through the end /ouvr^^ bathes all 
parts with the cooling draft, then exf^ls the heat- 
laden air through the center louvres. assur/ng you 
of cooler copper and better eiectrical\haracteristics. 
Just one of many reasons why Habit's are fcnovv'n 
for long, sotis/octory weid/ng serv/c^under the most 
severe conditions. 


HOBART BROS. CO., Box WJ-IOI 
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Examination of Welded Joints by 
Trepanning with Special 
Application to Shipbuilding* 

By J. B. Arthuzt and M. H. MacKusickt 


I N ORDER to be reasonably sure of the soundness 
and quality of welded joints on a ship, visual inspec¬ 
tion is not enough, llierefore, some method must 
be used which will t^ of the condition inside the joint. 

Several standard methods are available. However, 
each has its limitations, advantages and disadvantages. 
The selection of the best method to be used depends on 
the information required and the use of such information. 

At Calship we desired the following information at a 
minimum cost, in the shortest possible length of time: 

1. Soundness of the weld, i.e., absence of defects such 
as slag, gas pockets, lack of fusion, cracks, lack of 
penetration, etc. 

2. Plate edge preparation for welding. 

3. Fit-up of the two members prior to welding. 

4. Brochure of welding, i.e., weave or stringer beads, 
type and size of electrode, etc. 

5. Examination of the plate stc^ for segregations and 
laminations. 

We then desired to use this information in the following 
ways; 

1. To serve as an inspection control of welding and 
fitting quality in certain joints. 

2. To analyze welding practices and procedures. 

3. To serve as an educational and informational 
medium for the operator as well as for supervi¬ 
sion and management. 

4. To serve as a permanent record of the welding of 
each unit and hull, so that comparison could be 
made of supervision, welding operators, pro¬ 
cedures, and also to locate common diificulties on 
specific joints. 

5. In case of defects, to use for the determination and 
fixing of craft responsibility (fitters, burners, 
chippers, welding operators, etc.). 

Some methods which could be used and the comparison 
of such methods are shown below: 

Method Advantages Disadvantages 

X-Ray 1. Non-destructive. 1. Requires consider- 

2. Locates most defects able equipment 

in one shot which is not too 

3. Covers considerable portable. 

* Scheduled for the Twentr-eixth AoBuel Meeting, A.W.S., October IMS. 

J Testing Engineer, Calsbip. 

Welding Engineer, Calsbip. 


linear length of 2. Certain types of de¬ 
joint (6-18 in.) fects are not re- 

4. Indications are photo- vealed. 

graphed, making a 3. Photograph difficult 
permanent record. to positively inter¬ 

pret, even by ex¬ 
perienced person¬ 
nel. 

4. Skilled personnel re¬ 
quired to handle 
equipment. 

Radium 1. Same as X-ray. More 1. Certain tsqies of de- 

(Gamma- portable than X- fects are not re- 

Ray) ray; however, not vealed. 

as sensitive in smne 2.' Photographs difficult 
applications. to interpret even 

by experienced per- 
sonnd. 

3. Sdlled personnel re¬ 
quired. 

Trepanning 1. Locates defects. 1. Is destructive. 

2. Tells complete story 2. Covers small area. 

at that one spot 
with no question, 
i.e., fit-up, plate 
condition, prepara- 
ti<m, proc^ure. 

3. Photographs are easy 

to interpret with 
minimum ol expla¬ 
nation to average 
person. 

Magnaflox 1. Locates surface or 1. Cannot tell the com- 

semisurface defects. plete story. 



ng. l~Mild Steel Test Plate as Welded 


88S 


Digitized by LrOOQle 



Iig. 2—Weld Slug with Notation on X<ray Sectioning Locations’ 
and Directions 


2. Nondestructive. 2. No photographic rec¬ 
ord. 

3. Not satisfactory on 
deep defects. 

If the ultimate in perfection of weld quality inspection 
is reqttired, a combination of the inspection tec^iques 
outlined above will be necessary. However, in analyzing 
these methods we felt that trepanning was more suitable 
for our use due to the following major considerations: 

1. Certain critical types of defects are not detectable 
except by trep annin g. 

2. Plate edge preparation, fitting, etc., cannot be 
suitably and definitely determined after the joint is com¬ 
pleted, except through trepanning. 

3. Steel stock used cannot be decked for defects such 
as laminations and segregations by the use of any 
method other than trepanning. 

4. Photographs are easily made of trepanned plugs 
and serve our purpose ide^y. Education of various 
personnel concerned is unnecessary. An extremely vivid 
picture of all conditions involved is available. There is 
no argument as to interpretation. 

5. Cost is cheaper in trepanning than in making X-ray 
or gamma ray shots. A cost survey was made in the 
yard and then checked elsewhere in heavy industry such 
as shipbuilding, presstu’e vessels, etc., and verifies this 
lower cost. This lower cost covers cost of repair of holes 
after plug removal. 

To very clearly illustrate points 1, 2, 3 and 4 above, a 
weld containing a serious longitudinal cracking condition 
was made. The test plate as welded is shown in Pig. 1. 
This crack was introduced by incorrect sequence and 
severe restraint of the members while welding. It is a 
more or less common type of serious defect in heavy 


construction. A recapitulation of trepanned test plugs 
removed from 20 Victory ship hulls shows a small per¬ 
centage of defective wdds which required further ex¬ 
amination and repairs. Of this small number of defec¬ 
tive welds, 30.62% of all such were cracks of more or less 
serious extent, and it is doubtful that any other means of 
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Fig. 3—Visual Appearance of Weld 
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Fig. 4—X-Ray at #2 Direction on Weld Slug 
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Rgi S^Etehed Section at #4 Location on Weld 


Fig. 6—'Etched Section at fl Location on Weld 


examination would have revealed any appreciable num¬ 
ber of these defects. 

The weld slug containing the cracked weld beads was 
sawed out as shown, and four X-ray shots taken in the 
indicated directions as shown in Fig. 2. After magnaflux 
inspection of the weld, nine sections were then cut from 
the coupon as shown on the same drawing. They were 
then polished and etched. All etched sections show 
cracking: See Figs. 5 and 6. 


ng. 8—Special Pilot Rod Used to Prevent Plug Dropping Through 
Hole at End of Cut 


Fig. 7—Tools Used in Trepanning 
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Fig. 9—Prepaiation of Plugs foi Examination 


The X-ray pictures were made using film with a much 
finer grain and better contrast than would be used com¬ 
mercially; therefore, they are of much better quality, so 
far as determining condition of the weld in this case, than 
would normally be obtained on a straight production 
job. The photographs of Figs. 3 to 6, inclusive, show 
the weld slug, the X-ray and l£e etched sections. 

An examination of these photographs and an analysis 
thereof indicates the following: 

1. This is a serious ty|>e of defect and not uncommon 
in occurrence. 

2. Since this type of crack can be in other directions 
to the X-ray than as shown, as, for example, sulphur 
cracking in Unionmelt, it cannot be detected by X-ray in 
any case other than one running vertically in the plane 
of the beams and also uniform in character, with prac¬ 
tically visible dimensions. 

3. This crack was continuous and multiple in some 
cases but the X-ray failed to indicate the presence or 
extent of the cracking. 




B. OTHZIflMiiE CHIP OPP PLUSH. 


Fig. 10—Repair of H<de Left by Removal of Plug 


4. Magnafiux inspection did not indicate that the 
weld was defective. 

5. The only satisfactory way to determine the pres¬ 
ence of this tyi)e of defect and the seriousness of such de¬ 
fect is by trepanning. 

In order to familiarize others who may be interested in 
the use of the trepanning method for inspection and con¬ 
trol of welding, the following system and procedure as 
used at Calship, is outlined. 



RWPUR OF TEST PLUG POLE OP KNUCKLE JOINT SUCH AS 
SLOPING MARGIN PLATE TO TANK TOP PLATING. 

Rg. 11 



Fig. 12—Use of Photographs for Education of Personnel 
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Lack of Penatratioxx Sulphar>Cracks Sobmergad Mdt Wald Submargad Mdt Wald High Crown 

Fig. 13 


The locations of test plugs on the various joints were 
selected by a committee of all interested persons and 
agencies. These locations cover the following critical 
spots: 

1. Erection butts of subassembled sections—shell and 

decks. 

2. Tank joints. 

3. Weld^ joints at the critical stress points of the 

ship, including subassembly welded joints in 
su(^ locations. 

The test plugs are marked off daily in line with welding 
completion of ^e joints in each unit involved. Test plug 
crews then take the plugs from the locations as marked. 
Procedure in actual machining out the plugs, preparation 
for examination, repairs, etc., is as follows: 

1. Trepanning .— 

(a) Equipment required (see Fig. 7): 

(1) “F” size drills. 

(2) VWn-electric drill for pilot hole. 

(3) heavy-duty electric drill for saw and 
countersink. 

(4) Arbor. 

(5) Hole saw—IV 4 in. diameter. 

(6) 2-in. reamer with 45° taper. 

(7) Midget air chipping g^n. 

(8) Speaally tipped chisds. 


(6) Operations: 

(1) Drill pilot hole using “F” size drill. 

(2) Use special temper^ guide in arbor— 

in. diameter. 

(3) Start sawing with a dull saw to prevent 

breaking teeth, and groove Vs in. deep 
using guide. 

(4) Replace worn saw with sharp one. Re¬ 

move guide and continue through the 
materid. 

(5) A pry bar or “old man” may be used to 

maintain steady pressure in overhead or 
horizontal trepanning. 

(6) When sawing in a flat position, air can be 

used to keep cuttings cleaned from 
around the saw teeth. Cuttings clog 
saw causing excessive heating and bind¬ 
ing. In case a tooth breaks off and be¬ 
comes clogged in the groove, a chipping 
tool can be used in a midget chipping 
gun to dislodge the teeth. 

(7) In flat trepanning, the plug, after being re¬ 

moved from the plating sometimes falls 
out of the saw before the operators get it. 
To overcome this difficiflty a tool as 
shown in Fig. 8 was devised to serve as 
a continuous guide until the operation is 
complete. The clips fly out under 
centrifugal action. It]can^be seen that 
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Correct Back Chipping 


Chipping Chisel Too Narrow 


Laminated Hate Contribnting to Weld Pororitj 




Checks Due to Plate Segregation 


Exceative Land vrith Tight fit 


Laminated Plate One Side of Plug Only 

Fig. 14 

Not Enough Root Opening 


Incorrect Plate Edge PrepacatieB 


Slag Inoluaion 


Slag Inclusion Due to UadetoattteQ^ 
Both Berela on 1st Pa» with Conse 


quent 'Trap" Not Fused Out 


Slag and Gas Pockets 


Void Due to Faulty Second Pass Welding 

Fig. 15 
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Fig. 16—Examples 

the plug will fall against the “butterfly” 
and will not drop out into the compart¬ 
ment below. Another tyi)e is the slot¬ 
ted “spring” type also shown. The 
butterfly type is more satisfactory. 

(8) .To facilitate repairs, after removal of the 
plug, the hole is countersunk using a 2- 
in. reamer with a 45° taper counter¬ 
sinking to within */i« in. of bottom of the 
hole, ^us leaving a Vu-in* land. 

2. Preparation of Plug for Examination. —Figure 9 
shows the plug in various stages of preparation. 
On the left side the plug is shown as tagged and as 
received from the ship. Second from the left is the plug 
as faced down in the lathe. Third from the left shows 
stencil identification on the edge. And the picture on 
the right shows the plug as poUshed down and etched. 
The procedure for examination preparation is as follows: 

(а) Face down the plug in a lathe in a direction perpen¬ 

dicular to the line of a weld. 

(б) Stencil identification on edge of plug. 

(c) Polish plug on a water belt sander. 

{d) Etch with iodine solution and then with ammonium 
persulphate solution. 

(e) After taking photograph of both sides at 2 ^/% mag¬ 
nification, cover et(± with glyptol for preserva¬ 
tion. V 

3. Repair of Plug Holes and Defective Welding. —A 
record of examination and decision as to the condition of 
the weld is made on a test plug record card. If the weld 
must be repaired, then the seam is ripped open with a 
scarfing torch or by chipping, but preferably by the torch 
since defects appear and can be washed out much more 
readily by this method (also being much cheaper), and it 
is rewelded. If defects are minor or are not present, then 
the hole is repaired as shown in Figs. 10 and 11. 
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o! Weld Cracking 
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4. Complete Reports by Hulls are then made up and 
sent to all interested personnel and agencies. In the 
meantime, however, pictures are given to production 
supervision and personnel for education of welding oper¬ 
ators and for use in correcting fitting, chipping, burning, 
etc. These photographs are posted as shown in picture 
in Fig. 12, in the offices on the shipways, skids, etc. In 
other words, to obtain effective use of test plugs, it is 
necessary to follow through at the earliest possible time. 

In order to analy^ defects and to know the relative 
seriousness of each one; it is necessary to have a set of 
standards. Since information concerning standards is 
schrce on this type of inspection, we felt it necessary to 
make numerous physical t^ts on welds containing known 
types of defects. The number of tests so made is 
approximately 5000 at the present time. Through the 
results of these tests we arrived at our set of standards. 

Corrective remedies were also set up at the same time 
in order to prevent, as far as possible, the occurrence of 
these defects on production welding. Typical welds 
with a notation as to the interpretation of the macro¬ 
graph are shown in Figs. 13,14 and 15, inclusive. Figure 
16 shows serious cracking defects of various types in 
welds. It is highly doubtful if these cracks could be 
detected by any method other than trepanning. 

In conclusion it would appear that the ideal inspection 
procediue would be a combination of trepanning and X- 
ray procedure. We also wish to recommend that the 
various societies—the A.S.T.M., the A.W.S., the A.S.- 
M.E., etc.—draw up a standard welding inspection 
specification for trepanning. We believe that there is a 
definite need for such a specification, and that it would 
tend to complete tlie set of standards of inspection now 
available. 

Trepanning is a valuable tool. It has its place in weld¬ 
ing inspection. 
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The Heliarc Welding Process as 
Applied in the Aircraft Industry^ 

By Thomas E. Pipeit 


T he welding processes in the aircraft industry are 
the most important and most commonly used 
processes for the joining of metals; therefore the 
closest control must be maintained for uniformity in pro¬ 
duction to assure that the high allowable design factors 
used by the Aeronautical Engineers are maintained. 

In order to illustrate the important part welding plays 
in the fabrication of airplanes we have only to note its 
application on one of the Army Air Forces most popular 
pursuit planes. 

The engines are attached to the fuselage by metallic- 
and gas welding. The steel spar caps that connect 
the wings and support the crew nacelle are jointed by 
flash welding. The Empennage or tail structure is sup¬ 
ported by spot-welded aluminum alloy booms. The 
wing tips, nose-cradle, instrument pand, spoilers, pully 
brackets, hydraulic reservoir and many other small parts 
made of magnesium and aluminum alloys as w^ as 
stainless sted collector rings and exhaust stacks are 
fabricated by Heliarc welding. 

Necessity was the mother of Hdiarc wdding of mag¬ 
nesium. The earth’s most abundant metal had been de- 
vdoped to the point where it could be latmched on an 
important career in industry. However, no material 
can have a great career without the aid of a good method 
of joining. 

* Scheduled for the Twenty-^zth Annual Meetina, A.W.S., October 1046. 
Also presented before the San Francisco Section, A.W.S., April 23, 1046. 
t Northrop Aircraft ,Inc. 



fig, 1—-Hdlaic Wdding 





Fig. 2—Heliarc Welding Equipment 


In November 1939, John K. Northrop, President and 
Director of Engineering of Northrop Airxiraft, Inc., with 
his characteristic foresight into the future of aircraft de¬ 
sign, saw the possibility of magnesium as a material for 
airc^t construction when designed where fatigue 
strength, resilience, dampening capacity, toughness, stiff¬ 
ness and weight characteristic could be attained. Realiz¬ 
ing that a successful method of jointing was the requi¬ 
site to the success of adapting the matdial to aircraft, 
he conceived and instigated the development of mon¬ 
atomic inert gas-shielded arc welding and with the co¬ 
operative efforts of engineers, technicians and shop per¬ 
sonnel, the Northrop Group has produced a welding 
process which opens the door to unlimited development 
in the fabrication of stainless steel, magnesium, alumi¬ 
num and copper alloys, low-carbon and alloy steels for 
aircraft and industrid applications. 

Culminating research over a two-year period, North¬ 
rop Aircraft, Inc., perfected the Heliarc welding process. 
An important part of this process is the Heliarc torch 
which consists simply of a tungsten electrode shielded 
from the atmosphere by an inert gas flowing from one or 
more orifices in the torch. This inert gas prevents the 
formation of oxides in the molten weld metal thus elimi¬ 
nating the necessity of using a flux. The inert gas fur¬ 
ther eliminates the accum^ation of heat around the 
weld, thereby allowing better fusion and penetration and 
less distortion than is possible \rith ordinary arc or gas 
welding. (See Fig. 1) 

Standard arc-welding equipment may be used for this 
process, consisting of a d.-o. motor generator set, a pair 
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Fig. 5—HazdnesB Surrey of Hdiaxc Welds in Magneeiiini 
Sheets 


aluminum, magnesium and other nonferrous and fer> 
rous alloys is greatly improved. By means of high fre¬ 
quency, not o^y is the Heliarc operator able to eliminate 
striking the arc, but a more stable arc is obtained, result¬ 
ing in high quality and smooth-appearing welds. 

Although our original work was done using helium as 
the blanketing gas, we have found that argon gas is 
equally as satisfactory. Argon composes 0.95 of 1% of 
the earth’s atmosphere and is therefore readily avail¬ 
able in inexhaustible quantities. 

All types of joints as commonly used by comparable 
welding method may be designed to manual Heliarc 
welding except aluminum alloys where fillet welds are 
of flexible cables, a tank of monatomic gas such as Argon not yet possible. 

or Helium, two-stage pressure regulator with flowmeter, When design permits, the machine Heliarc weld 
Heliarc torch and an operator’s welding helmet. Prac- method is recommended. This consists of a variable 
tically all d-c. welding type generators are suitable for controlled rod feed with Heliarc torch mounted on a 
Heliarc welding but they must have a current capacity travel carriage that will uniformly deposit a bead at a 
ranging for light work up to 150 amp. and for heavy work speed of 36 in. per minute. See Fig. 3. 
up to 300 amp. Although Heliarc welding requires a Heliarc butt weld joints in J-IH or AMC57SH magne- 
distinct procedure and technique, the skill required for slum alloys possess an average of 95% of the strength 
learning and operating is no greater than that of gas or of base material and design-^lowable strength of 75% 
arc welding. The welding rod selected should be of the of that of the base metal if used for primary structures, 
same approximate composition as the material being The reduction of distortion allows production of the 
welded. See Fig. 2. 

A new development having considerable merit is the 
frequency that the heliarc welding of stainless steel, ^ 

* “Missing Link” mftoufd. by Mid-States Equipment Co., 2429 S. Michigan f 

Ave., Chicago, Ill. ^ ^9010 


Fig. 3—Automatic Heliarc Welder Showing Weld When 
Completed. Welding Speed 12 In.'per Minute 


Fig. 6 Inside and Outside View of Automatic Heliarc-Welded 
Magnesium Boom 


Fig. 4—Magnesium Heliarc Weld 
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r»g. 7—Spoiler Plate 



Fig. 8—Tank Assembly - Hydraulic Beservoir, Heliarc-Welded 

Magnekiam 



Rg. 9—Heliarc-Welded Alummum Direct Assembly 


smooth parts required in aircraft and a faster produc- 
tion rate. The weakest area of a Heliarc-welded joint 
is in the heat-affected zone adjacent to the weld bead as is 
commoni n most other welding processes when parts are 
not heat treated after welding. See Figs. 4 and 5. 

The standard fatigue limit of 0.060 J-IH magnesium 
unwelded sheet is 12,000 psi., while the fatigue limit for 
the Heliarc butt-welded joint is 0.060-in. J-IH magne¬ 
sium sheet alloy is 11,000 psi. The fatigue limit of 
0.180-in. J-IH unwelded magnesium sheet is 13,000 psi. 
as compared to the fatigue limit for a Heliarc butt weld 
joint in 0.180-in. J-IH magnesium sheet of 11,000 psi. 
All fati^e limits are bas^ on 100,000,000 cycles of 
stress without failure. 

Good penetration and freedom from oxide inclusions, 
presenting a sotmd, dense grain struct,ure, are character¬ 
istics of 1±e Heliarc magnesium weld bead. 

The demand for implements of war has greatly in¬ 
creased the production facilities for light alloys which 
will promote a greater use of light alloys for postwar 
industrial applications, and it must be acknowledged 
that with the production facilities now available, post¬ 
war will see us in the age of light alloys. 

The production of magnesium in 1941 was approxi¬ 
mately 20,000 tons per year and increased m 1943 to 
200,000 tons per year, w^e that of aluminum alloy was 
300,000 tons per year in 1941 and increased to approxi¬ 
mately one million tons per year in 1943. 

In the Heliarc welding of aluminum alloys, the timg- 
sten electrode and a wdding rod of approximately the 
same material as the base metal is required. A light 
coat of flux applied to the weld surface is necessary to 
inhibit oxidation of the weld bead. A standard d.-c. 
motor generator with a high frequency superimposed on 
the d.-c. current is recommended to promote a stable 
arc and make smooth standard welds on altuninum with¬ 
out difficulty. Sec Figs. 6 to 8. 

The greatest advantage of Heliarc welding aluminum 
alloys is the benefit derived by using a welding rod com¬ 
posed of approximately the same alloy as the parent 
material or by using a flange butt weld method, whereas 
in the conventional methods of welding aluminum a 5% 
silicon rod is used which gives lower ductility and lower 
mechanical properties to the weld bead. Oifly butt and 
flanged joints, edge and comer welds are permissible, 
fillet welds are not practicable. See Fig. 9. Flanged 
melt down joints with no filler rod is recommended for 
volume production. 

By extensive laboratory test it has been proved that 
the ultimate physical strengths of gas and Heliarc welds 
in aluminum alloys are comparable and there is a definite 
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increase in the yield values when the Heliarc process is 
used. The average manual welding speeds with Heliarc, 
range from 6 to 30 in. per minute which is approximately 
three times faster than gas welding when using the flange 
butt welding method. All aluminum alloys may be satis¬ 
factorily Heliarc welded with equal or higher weld 
strengths than have ever been realized by other welding 



Rg. 15—-Carburetor Preheat Manifold 


processes. Satisfactory Heliarc welds have been pro¬ 
duced on 2S, 3S, 52S, 61S, 24S and 75S wrought alumi¬ 
num sheet materials. See Figs. 10 to 14. 

All types of joints except ^et welds are satisfactorily 
made on al umi num alloys with the Heliarc process in 
production and has proved to be three times faster than 
gas welding. 

Stainless steel has heretofore been the most difficult 
alloy to weld. However, it is satisfactorily arc, gas and 
atomic hydrogen welded but then only on thicker sec¬ 
tions. Heliarc welding by use of argon gas has proved 
to be a superior method of welding stainless steel. The 
procedure consists of a torch containing a carbon or 
tungsten electrode around which flows argon gas. This 
argon gas blankets the molten weld metal, acts as a flux 
and prevents oxidation. A standard d.-c. generator of 
150 amp. capacity is sufficient for most stainless steel 
sheet materi^. ^e Fig. 15. 

Stainless steel sheet as thin as 0.010 in. may be welded, 
by the Heliarc process producing a soimd perfect weld, 
an equivalent of which is not possible by any other 
method of welding. The Heliarc welding method con¬ 
trols the degree of carbide precipitation and width of the 
heat-affected zone to the minimum and eliminates splat¬ 
ter and roughness. By maintaining a narrower heat- 
affected zone between the temperatures of 800-1500® F. 
the corrosion-resisting quality of the original material 
across the zone of the wdd is preserved to the fullest ex¬ 
tent possible. 

Copper and copper alloys such as “Everdure” are suc¬ 
cessfully welded by the Hdiarc process in our production, 
line, ^tisfactory physical properties have been pro¬ 
duced in our laboratories indicating that a much broader 
application for this method of welding is possible where 
copper and its alloj^s require joining. 
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Railroad Tank Cars of All-Welded 

Aluminum 


By R. E. Haas* 


A MONO the many progressive steps to be noted 

/% lately in the field of metal fabrication, the welding 
I A of aluminum structures has created a great deal 
of interest in a variety of industries. 

One of the largest and most unusual jobs of aluminum 
welding for which Lincoln equipment was recently in¬ 
stalled is the fabrication of all-^uminum tank cars for 
the chemical industry. The work which is being done 
by General American Transportation Corp. of Sharon, 
Pa. consists of building a number of these tanks of pre¬ 
formed pieces of 3-S aluminum having thicknesses of 
Vj in. and Vie in. 

Construction of the 31-ft., 4-in. long by 87-in. diameter 
structures to rigid specifications is made possible by the 
automatic carbon arc process and manuhl welding with 
metallic al uminum electrodes. 

The tank shell is made up of three pieces of formed 
al uminum , square sheared and butted to form a joint 
with a gap of about Vu in. and no greater than Vie in. 

The joints are first tack welded on the inside as 
shown in Fig. 1, using a 5% silicon aluminum shielded 
arc electrode. Intermittent welds approximately 4 in. 
in length were applied about 5 in. apart. A small square 
or tab of aluminum was also tacked to the edge of the 
shell at each end of the joint to be used later in starting 
and ending the continuous bead In the automatic carbon 
arc-welding operation. 

* Weldiog Engineer, The Lincoln Electric Co., Cleveland, Ohio. Mr. 
Haas is Welding Engineer located at Warren. Ohio. 



Fig. 3—Close-up oi "Electronic Tornado" Tractor Outfit Show¬ 
ing Back-up Bar and Channel'Holding Arrangement Used in 
Applying Continuous Weld Bead 


The shell is then placed on a fixture and supported by 
four rubber-tired wheels so that the tank can be re¬ 
volved for correct positioning of the seams. The auto¬ 
matic carbon arc known as “Electronic Tornado" is 





Fig. 1—Tack Welding the Formed Aluminum Sheet Sections 
fer Tank Shell Construction 


Fig. 2—^Automatic Carbon Arc Wading the Inside, Longitudi¬ 
nal Seam of the Shell Structure 
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Fig. 4—Cross-sectional View ol Longitudinal Shell loint Show¬ 
ing Bead Penetration 


then brought into use for applying a solid bead to the 
inside longitudinal joints. 

A copper back-up bar, 3 in. in width and V* in. thick, 
is placed along the outside of the joint, being held tightly 
against the joint with a fire hose inflated with air at about 
28 lb. pressure. The hose is positioned along the length 
of the joint under the back-up bar^ and a channel frame 
arrangement. Figiu^ 2 shows the automatic carbon arc 
welding in progress as the tractor-mounted equipment 
moves along the joint. 



Fig. 5—Inside View of Welded Tank with One Head Fused 
Into Place and Piping Fixed to Bottom of Shell 



Fig. 6—Welding the Tank Dome by Hand Metallic Arc Process 


A close-up of the machine is seen in Fig. 3 just after it 
has completed the welding of an inside joint. Weld 
penetration averages about three-fourths of the joint 
using •/i6-in., 3-AS aluminum filler wire electrode and 
No. 520 flux; travel speed of the tractor unit is about 12 
in. per minute with wire-feed rate of about 18 in. per 
minute; 430 amp., 32 volts was used at arc. 

The same general automatic welding procedure is 
used in applying the outside beads on the longitudinal 
joints except that in this case no back-up bar is required, 
the weld metal penetrating the joint about 75% and fus¬ 
ing with the weld metal made on the first inside pass. 
(See cross-sectional view of welded shell joint, Fig. 4.) 

The resultant joint averaged about 11,200 lb. tensile 
strength and an dongation of 41% in 2 in. X-ray tests 
showed no porosity. 

After completing the shell fabrication, the two alu¬ 
minum heads or ends of the tank having the same speci¬ 
fications, are then tacked into place with Vie-in. metallic 
electrodes of 5% silicon aluminum alloy, specially made 



Rg. 7—Ocaning nnished Automatic Wald Bead with Power Fig. 8—General View of Shcm Aaeembly and Fabrication of 
Wire Brush. Note Hand Welds on D^e Structure Tank Car Units 
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for welding aluminum in any form. A SOO-amp., 22- 
volt arc is used for this work. Finish welding is done 
after preheating the work to 600*^ F. to obtain more 
than the 30% elongation specified using V 4 -in. rod of 
above specifications with a 400-amp., 28-voIt arc. 

The outside of the joints for the hea^ were then welded 
with the “Electronic Tornado” process, using the same 
procedure as for the second (outside) pass on the longi¬ 
tudinal welding of the shell. 

An inside view of a completed shell with one head or 
end piece in place is shown in Fig. 5. Pre-fabricated 
coils of aluminum piping used as a heating element for 
the contents of the tank are also seen in tl^ view. 

Domes are tacked and welded on the tank with the 
aluminum alloy shielded arc rod as described above. 
Both inside and outside beads are applied to the joints 
with the same procedure as used for the inside welding 
of the heads as previously explained. Figure 6 shows 
this work in progress. The operator seen at top in this 
view preheats the work by flame to 600® F. prior to 


welding. The entire dome is held and positioned on a 
power-operated positioning fixture, a portion of which is 
visible at lower right. 

The outside brackets are welded to the shell with 
V 4 -in. electrodes for hand welding aluminum. 

Figure 7 shows a close-up of the completely welded 
tank during cleaning of the weld beads witii a wire power 
brush. Both automatically welded and hand-welded 
joints are clearly seen in this photo. 

Power for the automatic welding is supplied by two 
400-amp. welding generators connected in parallel with 
adjacent control box and panel for reg^ulating the current. 

A general idea of the best arrangement for maximum 
efficiency in welding these large aluminum tank car 
structures is indicated in the over-all view of the shop 
assembly and fabricating area seen in Fig. 8. 

The manual welding as described above can also be 
accomplished by using the manual carbon arc process 
with ^er metal supplied by the previously mentioned 
electrodes designed for hand welding of aluminum. 


Some Conclusions Regarding Resist¬ 
ance Welding and Statistical 
Quality Control 

By John Bayard Butler* 


I NSPECTION techniques applied to quantity pro¬ 
duction control must strike a balance between al¬ 
lowable unit inspection cost and possible harmful 
effects of incorporating scrap parts in the production 
output. The presence of scrap in the production output 
may be eliminated by inspecting each unit, but one 
hundred per cent inspection is seldom economically de¬ 
sirable and may not be used in cases where inspection 
methods destroy the part. If one hundred per cent in¬ 
spection is not iised the quality of the output must be 
judged by examination of a few units taken from the total 
output. When the method of raanufactiue obeys certain 
laws basic in the theory of sampling, statistical quality 
control presents the most logical and convenient method 
of establishing a sampling te^nique. 

In the absence of simple, accurate nondestructive in¬ 
spection methods for resistance welds the output from 
many resistance-welding machines is controlled by de¬ 
structive testing of a certain proportion of the output. 
This type of inspection attempts to infer the character¬ 
istics of a large group of items called a universe, from 
the characteristics of a smaller group called a sample. 
The question of how small a group of items should be 
taken for a sample and what inferences concerning the 
universe can be drawn from examination of the sample 
is a matter of logical and mathematical analysis of the 
data.* The question as to whether the data are typical 
or not determines whether sampling procediues can be 
used. 

For a group of items to be typical two precautions 
must be taken. First, all the items of the universe 




BR^AMNCi load - POUND.S 

Fig. 1 


* Test Bosincer, Hamilton Standard Propellers. B. Hartford, Conn. 
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fig. 2 

studied must be susceptible to the same classifications; 
for example, spot welds from a stored energy machine 
must not be classed in the same universe as welds from 
an alternating-current machine. Second, the choice of 
a sample must be without bias. The inspector must not 
choose only those spot welds which have a related prop¬ 
erty such as tip pickup, burned spot or spatter. Thus to 
be able to m^e inferences that mean anything there 
must be an adequate random sample from a uniform 
universe. 

To obtain the second condition, an unbiased sample, 
it is necessary that the items in the sample be selected 
in a truly random fashion. Although this may be difii- 
cult it is a process over which complete control be 
maintained and the exercise of reasonable care should 
produce an imbiased sample. 

To obtain condition number one, a 
uniform universe, a certain amount of 
control can be exerted by the welding 
engineer or supervisor. Before the 
samples are drawn from the universe 
it can be ascertained that all the welds 
in the imiverse come from the same 
machine, were made by the same 
shift, were made of the same stock 
and, in short, were subject to no 
known major variables. For the 
sampling technique to be successful 
there must be no variation between 
samples caused by predominant vari¬ 
ables among the large number of 
variables acting upon the universe. 

Examination of resistance welding 
in the light of these conditions dis¬ 
closes no difficulties which would pre¬ 
clude the use of statistical qu^ity 
control. However, it is impossible to 
determine the characteristics of a uni¬ 
verse by speculation, and in order to 
determine the quality of welds pro¬ 
duced by resistance-welding ma¬ 
chines it is desirable to study samples 
of welds taken from several universes. 

In order to obtain samples for analy¬ 


sis from different universes groups of 
spot welds were used which ramp 
from different machines and which 
were made using different g^e sheet. 

Inspection techniques correctly 
used to control production spot welds 
result in the actual measurement of 
shear strength for the specimens in 
the sample and from these measure¬ 
ments can be obtained a frequency 
distribution or curve relating shear 
strength to number of specimens of 
that particular shear strength. From 
a frequency distribution can be ob¬ 
tained an indication as to whether 
the variations between items result 
from a large number of causes none 
of which is predominant or from one 
or more major variables. If it can be 
proved that the results are influenced 
by a large number of small variables, 
a normal law distribution can be as¬ 
sumed, certain characteristics of the 
tmiverse computed against which 
future samples may ^ compared, 
and the general laws of probabfiity as 
used in statistical quality control may 
be applied. 

It is the purpose of this paper to show how the pres¬ 
ence of predominant variables may be ascertained and to 
present several examples of spot-weld data showing fre¬ 
quency distributions with no predominant variable and 
in one case a distribution with a predominant variable. 
It will be demonstrated that groups of spot welds con¬ 
taining over 100 welds can be made under the influence 
of no predominant variable. If it can be assumed that 
spot welds can be produced in industry with the same 
control of variables obtained in the tests studied then it 
may be said that quality control based upon the normal 
curve assumption may be applied to spot-welded joints. 
No attempt is made in this paper to outline the possible 
systems of quality control, as it is felt that that portion 
of the problem must be adjusted by each company to fit 
the ps^cular problem involved. 




Fig. 3 
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These curves from the Air Corps 
Technical Rqx)rt have been made by 
grouping the shear stress measure¬ 
ments into cells bounded by two shear 
stress values. The number and, there¬ 
fore, the size of these cells were estab¬ 
lished by Messrs. Bowman and Ego 
and no change in cell size has been 
made in this paper. 

A visual inspection of these curves 
disclosed a marked tendency toward 
grouping about an average value to 
form a ^stribution similar to a nor¬ 
mal curve. The frequency curves are 
not smooth, but this may be caused 
not only by the relatively few num¬ 
ber of items in each sample but by 
the choice of cell size. However, it 
may be assumed that the investiga¬ 
tors made some attempt at finding 
the best cell size, although they were 
not particularly interested in the 
handling of absolute data. It is in¬ 
teresting to note Curve 2, Fig. 1, 
where eleven of the points were bdow 
180 lb. breaking load, while the curve 
peak was at 240 lb., and there'were 
no values above 275 lb. A study of 
this peculiarity leads to the belief that 


The spot-weld data used in this paper were taken from 
an Air Corps Technical Report Number 4554 entitled 
“Tests of Saaky PMCO 2S Spot Welder” conducted by 
R. £. Bowman and R. W. Ego, July 24, 1940. The data 
consisted of frequency charts of single spot shear speci¬ 
mens of various thiclmesses welded on a Sdaky PMCO 
2S Spot Welder and others obtained from a single-phase 
alternating-current spot welder belonging to the engineer¬ 
ing shop at Wright Field. 

Distribution curves for single spot shear tests on vari¬ 
ous thicknesses of 24ST AIcl^ are shown in Figs. 1 to 4. 


Tabl* 1—SingU Spot Lap Walds. 0.020-0.020 24ST Alclad^ 
5 Pounds Intarral 


Wright Field Alternating-Current Spot Welder 


X 

F 

Fx 

Fx* 

222.6 

1 

222.5 

49,606.26 

232.6 

1 

232.6 

64,066.26 

242.6 

2 

485.0 

117,612.50 

262.5 

5 

1,262.6 

318,781.25 

262.6 

8 

2,100.0 

651,250.00 

272.6 

12 

3,270.0 

891,075.00 

282.5 

16 

4,620.0 

1,276,900.00 

292.5 

26 

7,606.0 

2,224,462.60 

302.5 

32 

9,680.0 

2,928,200.00 

312.6 

18 

5,625.0 

1,757,812.60 

322.6 

16 

4,837.5 

1,560,093.76 

332.6 

7 

2,327.5 

773,893.76 

342.6 

2 

685.0 

234,612.60 

Total 

146 

42,862.5 

12,738,256.26 


295.63 

- 87,860.04 


M - 87,860.04 - (295.53)* - 512.06 
- V512.06 - 22.63 
J? * 3«r - 296.63 * 67.89 
144 out of 145 items in this range 
or 

99.31% of the items are in range ^=*>30 


Tabla 2—Singla Spot Lap Walds. 0.020-0.020 24ST Alclad- 
S Poxmds Intarval 

Sciaky Type PMCO 2S Spot Welder 


X 

F 

Fx 

Fx* 

60 

1 

60 

3,600 

125 

1 

125 

15,625 

130 



135 




140 




145 

1 

146 

21,026 

150 

1 

150 

22,500 

166 



160 

2 

320 

51,200 

165 



170 




175 




180 

3 

640 

97,200 

185 

1 

185 

34,226 

190 

1 

190 

36,100 

195 



200 

2 

400 

80,000 

206 



210 

3 

630 

132,300 

215 

6 

1,075 

231,125 

220 

8 

1,760 

387,200 

225 

12 

-2,700 

607,500 

230 

17 

3,910 

899,300 

235 

26 

5,876 

1,380,625 

240 

26 

6,240 

1,497,600 

246 

. 17 

4,165 

1,020,425 

250 

10 

2,600 

625,000 

255 

3 

766 

196,075 

260 

5 

1,300 

338,000 

266 

3 

796 

210,676 

270 

2 

540 

146,800 

275 

1 

276 

76,626 

Total 

150 

34,646 

8,107,726 


JP - 


34,645 


230.97 


150 

8,107,726 ,,, 

fty “ —jgQ— " 64,051.60 

p - 6 4,061.60 - (230.97)* - 704.36 
<r - VrOiM - 26.54 
X >*^3<r ~ 230.97 * 79.62 
146 out-of 160 items in this range 
or 

97.33% of the items are in range * 3c 
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Tabl* 3—SingU Spot li» Wolds. 0.020-0.064 24ST Alolad— Tsblo 3—Singlo Spot Lap Wolds. 0.037-0.037 248T Alclad* 
15 X^>imds Intorval 20 Poxixids Intoroal 

Wright Field Machine Wright Field Alternating-Current Spot Welder 


X 

F 

Fx 

Fx* 

280 

1 

230 

62,900 

245 




260 




276 




290 

6 

1,740 

604,600 

305 

8 

2,440 

744,200 

320 

5 

1,600 

512,000 

336 

7 

2,345 

786,676 

350 

16 

6,600 

1,960,000 

365 

21 

7,665 

2,797,725 

380 

22 

8,360 

3,176,800 

395 

18 

7,110 

2,808,450 

410 

17 

6,970 

2,867,700 

426 

10 

4,260 

1,806,250 

440 

9 

3,960 

1.742.400 

455 

4 

1,820 

828,100 

Total 144 

54,090 

20.676.700 

JP - 

. - 375.63 

144 


• 

.r - - 142.893.' 

75 


P ■ 

142,893.75 - (375.63)* 

- 4093.02 


‘L" 

V1796.86 - 42.37 



JP * 

. 3cr - 376.63 * 127.11 



143 

out of 144 items in this range 



or 



99.30% of the items are in range X ^ 3^^ 



some major variable has influenced the low welds shown 
in Curve 2. The Air Corps Technical Report substanti¬ 
ates this deduction for on pages 18 and 19 there appears 
the following statement: “It will be noted that the weld¬ 
ing conditions which would produce good welds in the 
0.020-in. to 0.020-in. thickness of sheet were rather diffi¬ 
cult to obtain and maintain on the Sdaky machine; 
the settings apparently are critical and do not allow much 
variation in sheet material or condition of electrodes. 
In this group, Chart 6, Fig. 3, the specimens with a break- 


X 

F 

Fx 

Fx* 

395 

1 

395 

166,025 

415 

1 

415 

172,225 

435 

3 

1,305 

667,676 

455 

5 

2,276 

1.035,125 

476 

7 

3,325 

1,579.376 

495 

9 

4.455 

2W.226 

515 

9 

4,635 

2,387,025 

636 

21 

11,235 

6,010,725 

655 

21 

11,665 

6,468,525 

676 

23 

13,226 

7,604,375 

595 

18 

10,710 

6,372.460 

615 

11 

6,766 

4.160,476 

635 

5 

3,176 

2,016,125 

655 

5 

3,276 

2,145,125 

676 

3 

2,026 

1,366.875 

695 

1 

695 

483,025 

715 

1 

716 

611.225 

735 




766 




775 

1 

775 

600,625 

Total 

145 

81,055 

45.842,225 


je . 8^ - 569.00 

/-r - - 316.163.28 

fi - 31 6.153.28 - (659.00)* - 3672.28 
o - V3672.^ - 60.60 
X * 3<r - 659.00 * 181.80 
144 out of 145 items in this range 
or 

99.31% of the items are in the range X 


ing strength of less than 180 lb. were among the first 
thirty welded. All other specimens had good consistency. 
It was felt that a change in the welding conditions, a re¬ 
sult of tip dressing, surface condition of the sheet, or some 
variation in the machine was responsible for the low 
strength of the first thirty welds.” 

A mathematical analysis of the frequency curves de¬ 
pends upon a theorem developed by Tchebzcheff and 


Tabla 4—Sixigla Spot Lap Walds. 0.020-0.064 24ST Alolad— 
15 Pounds Intarral 

Sciaky Type PMCO 2S Spot Welder 


Tabla &-Singla Spot Lap Walds. 0.037-0.037 24ST Alclad— 
^ Pounds Intarval 


X 

F 

Fx 

Fx* 

170 

2 

340 

67,800 

185 

1 

185 

34.225 

200 

3 

600 

120,000 

215 

4 

860 

184,900 

230 

5 

1,160 

264,500 

245 

15 

3,675 

900,376 

260 

13 

3,380 

878,800 

275 

15 

4,125 

1,134,376 

290 

26 

7,540 

2,186,600 

305 

26 

7,626 

2,325.625 

320 

20 

6.400 

2,048,000 

335 

11 

3,685 

1,234,475 

350 

7 

2,460 

867,600 

365 

1 

366 

133,225 

380 

2 

760 

288,800 

Total 

150 

43,140 

12,649.200 


Sciaky Type PMCO 2S Spot Welder 


X 

F 

Fx 

Fx* 

455 

1 

455 

207,026 

475 

5 

2,375 

1.128,125 

495 

19 

9,405 

4,666,476 

615 

29 

14,935 

7,691,625 

535 

23 

12,305 

6,683,175 

655 

28 

15,540 

8,624,700 

575 

24 

13,800 

7,935,000 

695 

12 

7,140 

4,248,300 

615 

4 

2,460 

1,612,900 

635 

3 

1,905 

1,209,675 

655 

1 

656 

429,025 

775 

1 

775 

600,625 

Total 

150 

81,750 

44,825,5^1 


X - - 287.60 

'‘r “ “ 84-328.00 

n - 84,328.00 - (287.60)* - 1614.24 

.7 = \/l614.24 - 40.18 

X * 3ff - 287.60 * 120.54 

150 out of 150 items in this range 


X = - 545.00 

^^=, 11 :^ 1 ^= 298 . 837.00 

n « 298,837.00 - (545.00)* - 1812.00 

<7 - \/l812.00 = 42.57 

X =fc 3«r = .545.00 * 127.71 

149 out of 150 items in this range 


100% of the items are in range X * 3^ 


or 

99.33% of the items are in the range X ■* S®- 
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T«bl« 7>-6ingl« Spot Lap Wolda. 0.064*0.064 24ST AlcUd— 
30 Poxinds Intarval 


Wright Field Alteniating*Current Spot Welder 


X 

F 

Fx 

Fx» 

900 

2 

1,800 

1.620.000 

930 

960 

9 

8,640 

8,294,400 

990 

4 

3,960 

3,920,400 

1020 

12 

12,240 

12,484,800 

1050 

10 

10,500 

11,025,000 

1080 

19 

20,520 

22,161,600 

1110 

28 

31,080 

34,498,800 

1140 

24 

27,360 

31,190,400 

1170 

14 

16,380 

19,164,600 

1200 

10 

12.000 

14,400,000 

1230 

5 

6,150 

7,564,500 

1260 

4 

5,040 

6,350,400 

1290 

3 

3,870 

4.992,300 

1320 

1350 

1 

1,350 

1.822,600 

Total 

145 * 

160,890 

179,489.700 


. 1^7.860.00 

M - 1 ^7,860. 00 - (1109.59)* « 6670.03 
<r - ^6670.03 - 81.67 
X ^ 3a - 1109.59 ^ 245.06 
145 out of 145 times in this range 
or 

100% of the items are in the range Sv 


generalized by C^amp* and Meidel.f Tchebzcheff’s the¬ 
orem states that for any distribution of a single variable 
more than 100 X (1 — (V^*)) per cent of obse^ations lie 
within the closed range a * fa where: 

/ is any integer. 

n is ntunber of items in the sample. 

.i^i, .^ 1 , Xi,.. .Xn are abscissae of distribution curve. 

. . ./• are frequencies at point Xi, Xi, X9, .. . 

Xn. 

J? = - S Xift is arithmetic mean of distribution. 

1 * 

/ir = - S XtHi is second moment about Y axis. 

M = Mr — .?* is second moment about X. 

<r =* Vil is standard deviation. 


It can be se.en that <r is actually the radius of gyration of 
a flat body of n equal particles at varying distances from 
the center. The standard deviation <r may also be 
thought of as the root mean square of the data about the 
centroid. The Camp-Meidel extension of the Tchebz- 
cheff formula states that for a unimodal distribution de¬ 
creasing constantly from modal value to infinity more 


than 100 


2.25i=') 


per cent of the items lie within the 


range X * tv. 

The general comment of the Committee on Methods of 
Testing of The American Society for Testing Materials 
is of interest.! “Expyerience with frequency distributions 
for physical characteristics of materials and manufac¬ 
tured products prompts the Committee to insert a 
comment at this point. We have yet to find an observed 
frequency distribution of over 100 observations of a 
quality characteristic and purporting to represent essen¬ 
tially uniform conditions, that has less than 96% of its 
values within the ranged? ± 3(T.” Substituting < * 3 in the 

* C«mp, B. H., "A New Generalizetion of Tchebsehefl’e Statistical Ineaual* 
ity” BtUC. Am. Maih. Soc., Vol. 28, 1922. 

t Meidel. B.. Compt. lUnd., Vol. 175. 

t Committee B>1 on Methods of Testing, A.S.T.M. Manual on Praunlation 
oi Oslo, American Society for Testing Materials, August 1940. 


Camp-Meidelinequality, 100 ^1 — 2 25 x 9 / ~ 

closes that the Committee on Testing has checked the 
inequality experimentally. 

The Committee on Methods of Testing also gives the 
inequality for perfectly controlled conations (normal 
distribution) the percentage of observations in the origi¬ 
nal sample lying in the range X 3<r being 99.73%. By 
comparing percentages of observations in the range 
X ^ 3<r for any distribution with the 99.7% value ob¬ 
tained from the Normal Law integral, with the 96% 
value listed by the Committee, and with the 95% ob¬ 
tained by C^amp and Meidel, it is possible to obtain an 
excellent indication of how carefully the conditions were 
controlled in the universe and how well the sample was 
selected, as well as obtain some indication as to how 
closely the distribution can be approximated by a normal 
curve. 

Data from the eight frequency curves from the Air 
Corps Technical Report have been tabulated in Tables 
1 to 8 with observations grouped in the class intervals or 
cells for ease in handling. The shear strength reading 
meastued from zero to the middle of the class interval is 
listed as X and the number of items in the class interval 

is Hsted as/. The values fX,fX*, S/X, S/X*, 

n n 

are listed on these pages while the values for n and <7 are 
calculated and J? ^ So* is listed with the percentage of 
items in the distributions falling in thi^range also listed. 
The values of the arithmetic mean X, the arithmetic 
mean plus or minus three times the deviation ff, per cent 
of the items of the distribution in this range, the Camp- 
Meidel ntunber for t = 3, and the per cent in a Normal 
Curve, are tabulated below: 





.9 

■3 

S 

I 

1 

Sample 

X 

X * 3» 




Slnslc Spot Lap Weldj 

0.^ lo.-0.020 In. 24ST Aided 






1. Wrislit Field Welder 

8. Sd^ Welder 

295.6 

295.8* 67.9 

99.8 

95 

99.7 

231.0 

231.0 * 79.6 

97.3 

96 

99.7 

Snrle Spot Lap Welda 

O.C^ In.-0.064 In. 24ST Aided 

3. Wrizht Field Welder 

4. Welder 
te Spot Lep Welda 

0.037 In.-0.037 In. 24ST Aided 

878.6 

876.6*127.1 

99.3 

95 

99.7 

287.6 

287.6*120.6 

100 

95 

99.7 

5. Wrirlit I^eld Welder 

6. S^r Welder 

659.0 

559.0*181.8 

99.3 

95 

99.7 

645.0 

545.0*127.7 

99.3 

95 

99.7 

Single Spot Lap Welda 

0.0^ In.-0.064 In. 24ST Aided 

7. Wright Field Welder 

8. Sci^y Welder 

1109.6 

1109.6*245.0 

100 

95 

99.7 

1011.4 

1011.4*198.1 

100 

95 

99.7 


Sample 2 is the only one of the group of eight frequency 
diagrams which fails to contain more than 99.3% of the 
items in the X ^ 3a range. Although the value for 
Sample 2 is well above the. Camp-Meidel value a compari¬ 
son with the other seven samples indicates the presence 
of a predominant variable and confirms the visual ex¬ 
amination of the data and the suspicions voiced in the 
Air Corps Technical Report. 

Samples 1, 3, 4, 5, 6, 7 and 8 contain percentages of 
items well above the Camp-Meidel inequality and very 
close to the value for a normal curve. From the mathe¬ 
matical analysis of the distribution curves for Samples 
1, 3,4, 5, 6, 7 and 8 it might appear that these curves are 
actually normal curves uifless it is remembered that simi¬ 
larity of a single characteristic of a distribution ctuve 
and a normal curve is not sufficient evidence to establish 
their identity. A visual comparison of these distribution 
curves with a normal curve will disclose numerous slight 
differences. However, the mathematical analysis of the 
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T«bU 8—SizigU Spot W Wolds. 0.064-0.064 24ST AloUd- 
20 Pounds Intorval 

Sdaky Machine 


X 

F 

Fx 

Fx* 

845 

1 

845 

714,026 

865 

2 

1,730 

1,496,460 

885 

3 

2,655 

2,349,676 

905 

4 

3,620 

3,276,100 

925 

6 

5,550 

5,133,750 

945 

13 

12,296 

11,609,325 

965 

16 

16,440 

14,899,600 

985 

17 

16,746 

16,493,826 

1005 

19 

19,095 

19,190,475 

1025 

19 

19,475 

19,961,875 

1045 

11 

11,495 

12,012,276 

1066 

12 

12,780 

13,810,700 

1085 

11 

11,935 

12,949,475 

1105 

7 

7,735 

8.647,175 

1126 

3 

3,376 

3,796,875 

1145 

3 

3,435 

3,933,075 

1166 

2 

2,330 

2,714,460 

1186 

1 

1,185 

1,404,225 

Total 

150 

151,710 

154,093,350 




161,710 


150 
154.093.350 


- 1011.40 


1.027.289.00 


~ 150 

ti - 1. 027.289. 00 - (1011.40)* - 4359.04 
- V4359.04 = 66.03 
* 3, _ 1011.40 »*= 198.09 
150 out of 150 items are in this range 
or 

100% of the items are in range ^ ^ 3<r 


data shows that a normal distribution may be assumed 
for purposes of further calculation. 

The analysis of the data from these eight samples 


proves conclusively that spot welds can be produced 
with the Wright Field equipment whose shear strength 
values are only influence by a large number of small 
causes. The fact that one sample showed the fM’esence 
of a predominant variable is of interest in that it shows 
the sensitivity of this system of anal)^. From these 
results it may be said that it is possible to set up the 
Wright Field welding equipment in such a fashion that 
the output may be controlled by statistical quality 
control. 

Turning from the analysis of these specific data it is 
well to consider the application of these results to re¬ 
sistance welding in general. Although no machine or 
no department can be certified as pr^ucing welds free 
from predominent variable or variables without a study 
of a suitable sample from the output, it can be said that 
groups of resistance welds can be made whose strength 
characteristics closely approximate a normal grouping. 
Therefore users of resist^ce welditfg equipment should 
realize that they can apply statistical quality control 
to the output of their ma^nes and should examine the 
possibility of using statistical quality control methods 
to improve their product and increase their output. 
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Spot Welding of Heavy Aluminum 

Alloys 

By C. W. Dodget 


P RODUCTION spot welding of alumintun alloys 
dates back only slightly over ten years. During 
this time the field has expanded from a handful of 
single-phase a.-c. welders to many htmdred stored energy 
machines. The first half of this period was limited to 
die welding of thinner sheets of the dloys because the tre¬ 
mendous low power factor demand required by the a.-c. 
machines when welding heavy sheets automatically pro¬ 
hibited their use for that purpose. The advent of stored 
energy machines in recent years has reduced the power 
supply problem to one of a secondary nature. Two main 
factors still existed, however, which retarded the progress 
of spot welding the heavier thicknesses. First was the 
lack of sufficient applications; second was the lack of 
knowledge of the problem. Both of these have been to a 
large extent eliminated during the past few years. The 
building of larger and larger aircraft has supplied enough 
applications so that if machines were readily available a 
considerable amount of heavy gage welding would be 
employed. Also an extensive amount of research has been 
performed recently, which has developed knowledge and 
data to such an extent that the problem has been r^uced 
largely to one of size and cost of equipment. 

Before going further let us define what we mean by 
heavy sheets. The complete range of thicknesses to 
which the spot welding of aluminum alloys has been 
commonly applied lies ^tween 0.016 and 0.187 in. Be¬ 
low is a complete list of all the standard gages commonly 


used in aircraft. 

Thin Sheets: 

Normal Sheets: 

Heavy £ 

0.016 

0.040 

0.102 

0.020 

0.045 

0.114 

0.025 

0.051 

0.125 

0.032 

0.064 

0.156 


0.072 

0.187 


0 081 

0 091 



It will be noted that these are broken down into three 
divisions, thin, normal and heavy sheets. Until recently 
it has been generally considered that the welding char¬ 
acteristics of the three ranges were considerably different; 
the thin sheets being difficult to weld, the normal sheets 
being welded relatively easily, and the heavy sheets being 
very often extremely difficult to weld with any degree of 
satisfaction. This is due, not to any characteristic of the 
material, but rather to the limitations of existing welding 
equipment. 

A term which will be used a great deal and which should 
be defined at this time is “optimum welding conditions.” 
These are the conditions which in the opinion of the 
author will produce the best weld possible with the ap¬ 
plication of present-day technique. More specifically 
‘‘optimum welding conditions” are those which produce 


a weld in aluminum alloys that conforms to the following 
specifications: 

1. Four times the sheet thickness in diameter. 

2. 60 to 70% penetration toward surface of sheet. 

3. Free from noticeable heat-affected zone arotmd 

the slug. 

4. Possible to obtain up to 100 welds between tip 

cleanings. 

5. Adjacent welds made at normal spacing with no 

noticeable shunting effect reducing the size and 
strength of the second weld. 

6 . Must be sound—entirely free from,cra(^, porosity, 

brittleness, etc., and sheet separation must be 
low. 

7. Sheet indentation must be low. 

Although all the data included in this article were 
gathered from tests made on aluminum clad 24ST welded 
on electromagnetic stored energy type equipment, ran¬ 
dom tests m^e on other alloys and on other ty^ of 
equipment have indicated that there are basic laws 
governing the welding of all thicknesses which hold true 
for all alloys and machines. 

The laws controlling the factors entering into the weld¬ 
ing of the heavy sheets of aluminum alloys became ap¬ 
parent after three basic assumptions were made. Ex¬ 
tensive tests then were made to prove whether the laws 
and assumptions were correct. T^ese assumptions were; 

1. In order to obtain the type of weld desired it is 

necessary that the slug be four times the sheet 
thickness in diameter. 

2. It is possible to weld any thickness of aluminum 

alloys and obtain exactly the type of weld de¬ 
sired with exactly the same technique as for any 
other thickness providing certain basic laws are 
followed (see Fig. 5). 

3. Welds made on 0.040-in. material with a machine 

whose range is 0.016 to 0.081 in. are made under 
the best possible conditions and that the mag¬ 
nitudes of all factors producing an optimum 
weld on this thickness may be used as the basis 
for all values determined for other thicknesses 
according to the laws developed. 

These asstunptions were made purely from a thorough 
study of empirical data gathered from experience in 
welding aluminum alloys over a long period of time. The 
first of the above forms the actual basis of all develop¬ 
ments and was determined from observing that in ^ 
cases where the slug diameter of a completely satisfac¬ 
tory weld was greater than four times the sheet thick¬ 
ness, the latitude of machine adjustments was large, a 
large number of welds could be made between tip clean¬ 
ings, and that consistency of size and strength was very 
go^. Whenever the slug diameter was less than four 
times the sheet thickness, latitude of machine adjust- 
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Fig. 1 


ments became narrow, tip cl eanin g was necessarily fre¬ 
quent, and consistency of size and shape were not always 
as go^ as desired. Although any value between four 
and six times the sheet thickness is apparently conducive 
to good welding conditions, welds greater t han four times 
the sheet thickness natui^y require larger magmtudes 
of heat and pressure and have be^ found to be unneces¬ 
sary as far as streng^ is concerned. Therefore, the value 
four is considered to be optimum. Someone may w^ 
argue that for the heavy sheets this value gives a wm 
which is stronger than necessary from a structur^ point 
of view and which is larger than desired for design pur¬ 
poses of flange widths, etc. This is no doubt tn^, 
however, as will be shown later, it has been proved to the 
author’s satisfaction that this value of four times the sh^t 
thickness for slug diameter is optimum and highly d^ 
sirable for producing welds on any thickness imder high¬ 
speed satisfactory production conditions. This does not 
mean that welds smaller than this cannot be easily made. 
It does mean, however, that smaller welds are made at 
s om e sacrifice in other factors. Roughly 3.5 times the 
s h eet has been observed to be^ the absolute 

TninimiiTTi sizc of wcld which can be made without causing 
some factors to become extremely critical. This holds 
true more for the strong alloys than for the softer weaker 

The second assumption was made merely with the 
thought that nearly all processes in nature conform to 
certiun laws and that changing dimensions of the material 



being welded should theoretically not have any effect on 
the weldability of the material but only on the magnitudes 
of the controlling factors. 

It has been observed for a long time that welds on 
0.040-inch thick material seemed to be the easiest to pro¬ 
duce with the widest latitude of machine adjustments on 
so-called standard size machines. They were mostly 
very consistent in both size and shape and gave a mim- 
mum amount of tip pickup. Also because 0.040 lies 
almost in the center of the operating range of most 
standard equipment, it was felt that the assumption of 
using the magnitudes of all factors which produ<^ opti¬ 
mum welds on this thickness would not be far from wrong. 

The table below contains all the data which are us^ 
in making an optimum weld on 0.040 on an electromag¬ 
netic stored energy type machine. 

Material—clad 24ST 
Thickness—0.040 H- 0.040 
Cleaning—Wire brush, both surfaces 
Electrode diameter—V* in- 

Electrode tip contour—2 in. radius or 0.160 in. flat 
with 15° approach angle 
Maximum preheat current—6000 amp. 



A 

0.040-h0.040-in. 24ST Alclad (d « 4.4W. 



B 

One sheet of 0.080-in. 24ST Alclad (d - 3.8h if ft - 0.040 to.). 

fig 3 _Both Welds Made on Same Machine UsiiM Same 

Setttoos. Indicates Resistance of Material Is Larger Factor to 
KfjiVing Weld Than Contact Resistance 


Total preheat time—0.08 sec. 

Peak wdding current—18,000 amp. 

Time to Vi ^ —0.04 sec. (see Fig. 2) 

Welding force between electrodes—500 lb. 

Forging force between electrodes—1500 lb. 

The above is the condition for variable pressure weld¬ 
ing. If constant pressure welding is used the values of 
current and electrode force are as follows: 

Maximum preheat current—8400 amp. 

Peak welding current—25,200 amp. 

Welding force between electrodes—900 lb. 

All the other factors remain the same. 
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Fig. 4 

0.187- + 0.187-ln. 24ST Alclad welded wi& conditions slightly 
below diet required for a weld id ~ 3/)). Shows excessive heat 
penetration causing rapid pickup on electrodes. Actually d 

2.6/t. 


found_by experiment to be three times the welding force: 

(2) 

2. Weld Resistance 

The resistance of the weld zone or the cylinder of metal 
between the faces of the electrode tips is proportional to 
the reciprocal of the thickness: 

P 2/>A 
A 

where ft is the resistivity 

„ 8^ 8pA p_ 1 

rd* “ IGjtA* “ 2t ■ a 

J? = f • (3) 

^ It will be noted^that the above neglects the contact 
surface resistance which we know has an appreciable 
magnitude tmder static conditions. Under actual weld¬ 
ing conditions on wire brushed material, however, the 
contact Resistance is believed to have little bearing on the 


It will be noted that the preheat current is Vi f fie weld¬ 
ing current and that the forging force is three times the 
wdding force. Both of these are empirical values de¬ 
termined by experiment. 

Before going further let us make one more assumption 
which is that all current passes through and all applied 
force acts upon a cylinder of metal which lies between 
the two electrodes and which is the same diameter as the 
diameter of the weld slug, i.e., four times the sheet 
thickness as illustrated in Fig. 1. 

It will be noted that flat tips are shown in Fig. 1. For 
purposes of all our theoretic^ study they shall be used 
because dome tips produce conditions which are com¬ 
pletely indeterminate. In actual practice, however, if 
correctly used, both flat and dome tips produce approxi¬ 
mately the same results. 

As stated before it has become apparent that there are 
certain laws governing the magnitudes of all factors 
entering into the spot-welding process as applied to 
al umin um alloys. F^viding these laws are strictly ob¬ 
served it has been determined that these magnitudes may 
be expressed mathematically as functions of the thickness 
of the material being weld^. The laws are given below 
as determined empirically or mathematically. 

1. Electrode Force 

The pressure required and exerted by the electrodes 
upon the sheets b^g welded is constant regardless of 
thickness for optimuiti welds. This means that the elec¬ 
trode force required is proportional to the weld area or 
to the square of the diameter. Expressed mathe¬ 
matically we have: 



but d = 4A, therefore 

^ X (4*)« = 

or in simplest form 

= AA* (1) 

The above applies to the welding force for both con¬ 
stant and variable pressure cycles ^though the value of 
K of course is different for the two conditions. For vari¬ 
able pressure cycle the optimum forging force has been 



A 

0.040 + 0.04ain. 24ST Aiclad id - 4.4W. 



B 

0.064 + 0.064.in. 24ST Aiclad (d - 4.2«. 



C 

0.125 + 0.125-111. 24ST Aiclad (d - 4.1W. 

Fig. 5—niustratiiig the Fact That "Optimum Welds" Appear 
Very Similar Regardless m Thickness 
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A 

0.091- + 0.091-in. 24ST Alclad (d - 3.2W. Start of heat-affected 
zone extending toward surface may be seen. 



B 

0.125- + 0.125-in. 24ST Alclad id ~ 3f>). Definite amount of 
heat-affected zone surrounding slug. 

Fig. 6 

size or shape of the weld particularly on the heavier 
thicknesses. This has been verified experimentally by 
setting a machine to produce a definite size weld on two 
sheets of a given thiclmess. Then with the same machine 
settings one piece of material having a thiekneM equal to 
the total of die two sheets welded was placed between the 


electrodes and the resulting fused slug compared with that 
of the two sheets. The size and shape of each were ap¬ 
proximately the same (see Fig. 3). 

3. Welding Heat 

The total heat required to produce a weld slug of a 
given diameter is proportional to the cube of the thick¬ 
ness. Although for long welding times a large amount of 
heat is conducted away into the surrounding sheet and 
into the electrodes in addition to the heat whi(± is utilized 
in producing the weld slug, the welding time for alumi¬ 
num alloys with stored energy equipment is so short that 
this conduction factor apparently becomes negligible. 

If the weld nugget is always four times the sheet thick¬ 
ness in diameter and always a definite proportion of the 
thickness in height, the heat required from the above 
assumption shotdd be proportion^ to the volume of the 
nugget. 

Q = kV 
V= */gwa^b 

for a circular ellipsoid which approximates the shape of a 
weld slug where, 

a = = 2h 

b = V.A 

V = V.ir(2A)*(»M) - (Vi)(Vi)(x)(4A»)(A) 



Q = Kh^ (4) 

4. Welding Time 

The welding time or time to reach V» ^ 

Fig. 2) is directly proportional to the thickness. 

T ^ Kh (5) 


Table 1 


FACTOR 

E^UATIOf 




X* Welding electrode force 
(conetent) 

lbs 

F,-?12,500h^ 

Fw*437,500h2 

Fw-562,500h2 

2. Welding electrode force 
(▼arieble) 

FifaKh^ lbs 

Fw=125,OOOh2 

Pw*2l8,OOOh2 

rw«312,500h2 

Forging electrode force 
(variable) 

Ffm^Fff lbs 




4» Welding time (tine to 

1/2 I maximum) 

T*4Qi secs. 

T»l/2h 

Te3/4h 

T-h 

5« Welding current peak 
(constant) 


I^.25X10^h5/* 

Iw»2.685Xao6hV2 

Iw*3.125Xlo6b^/^ 

6, Voiding current peak 
(variable) 

Iw^h^/^anp84 

Iw"1.875^oV/^ 

Iw« 2 . 125 X 10 ^^^^ 

Iw=2.375XL0^h^/^ 

7* Preheat current maxl> 
mum 

Ip*l/3Ieia»"P3. 




8. Electrode diameter 

IMQi in. 

De9-4h 

Dii9.4h 

>12.3h 

9* Spot spacing 

p>Kh in* 

p-9.4h 

p“12.5h 

psl5.6h 

10, Edge distance (fron 
center of spot) 

e«IQi in. 

e«4.7h 

e*6.3h 

e=7.8h 

11. Tip radius (done tips) 

r^ai in. 

rS25h 

r«37.5h 

r*50h 

12* Shear strength 


S*lfl7,500h2 

S»250,000h2 

S“312,500h2 
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Tttbl* 2—Absolut* Minimxim Valus {d * 3A) 



• 

(iDebss) 

■ T 

(lQ«hss) 

.075 

.400 

.094 

.500 

.117 

.625 

.151 

.800 

.188 

1.000 

.240 

1.275 

.505 

1.600 

.359 

1.800 

.580 

2.000 

.426 

2.250 

.480 

2.550 

.555 

2.625 

.588 

5.125 

.730 

3.900 

.880 

4.675 


This value has been determined empirically from a large but from Equation 4 
number of tests. q ^ 

5. Welding Current therefore 

The secondary peak current required for welding is nPT — art,* 

proportional to the Vi power of the thickness. PRT - Kh 

The total heat input to any electrical phenomenom is: substituting the value of R and T in terms of k from 
Q = PRT equations 3 and 6 we have: 


Tabls 3—Prsotiosl Minimum Valuss id * 3.SA) 



P 

(Zn^s) 


.200 

•250 

.5125 

.400 

. 500 ' 

.6375 

.800 

.700 

1.012 

1.156 

1.275 

1.425 

1.5625 

1.950 

2.555 
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where 


P {K^) = KJt' 

KyKt 

I == (6) 


6. Shear Strength 

The shear strength is proportional to the shear area of 
the weld slug. Therefore, as in the derivation of Equa¬ 
tion 1, the optimum shear strength is proportional to the 
square of the thickness. 

5 = Kh^ (7) 

7. Electrode Diameter 

The electrode diameter required in order that the tem¬ 
perature rise in the electrode be the same for all thick¬ 
nesses is directly proportional to the thickness. 

The heat input to the electrode is: 

Q = PRT 

where R is the resistance of the electrode. 

The heat absorbed in the electrode is: 

Q = Mkcipi — ti) 

where 
M = mass 

K = a. constant depending on the units used 
c = the specific heat 
ta — ti = temperature rise 

Now as we have decided that the temperature rise 
should be constant 

ta ~ ti = a constant 

Q = MKi as the specific heat (c) is essentially a con¬ 
stant for any given material over a small range of tem¬ 
perature, from this we have, 

MKi = PRT (8) 


M = slA 


shrD^ 

“T“ 


s = density 
/ =s length 

D = diameter of electrode 

We will assume the length (f) remains essentially con¬ 
stant regardless of the diameter which is nearly the actual 
case in most instances, also (r) is a constant for any given 
material. Therefore 


KtD* 

^ A tD' 


for the same reasons as above (e) and (/) are constant 



now substituting in Equation 8 above we find, 

KJ)' = (KJi) 

The values for I and T being from Equations 5 and 6. 
^ -- 


D* = Kjk* 
D = Kh 


(9) 


8. Spot Spacing and Edge Distance 

From the results of test data and logically from above 
these have both been found to be direcUy proportional to 
the thickness. 


(a) 

Spacing: 



II 

(10) 

(b) 

Edge Distance: 



€ = Kh 

(11) 


T«bl« 4—Optimum ValiMS id * Ah) 


TbiekDes* 

CoRblnatlon 

(iQOliea) 

rw 

Constant 

(lbs) 

rw 

Varlabls 

(lbs.) 

7arlabl« 

(lbs.) 

—:p-- 

(Saos) 

Constant 

(anos) 

- f;; -- 

I'ariabla 

(aajw) 

D 

(Inches) 

P 

(Inches) 

a 

(Inohae) 

T 

(Inches) 

—T" 
(ZnehM! 

b 

t 

• 

o 

144 

Bo 

240 

.016 

6310 

4800 

.200 

.250 

.125 

.600 

80 

.020 ^ .020 

223 

125 

375 

.020 

8830 

6710 

.250 

.312 

.156 

1.000 

125 

.025 » *025 

352 

195 

566 

.025 

12360 

9400 

.3125 

.390 

.195 

1.250 

195 

.032 f .032 

576 

320 

959 

.032 

17900 

13600 

.400 

.500 

.250 

1.600 

320 

,r.i0 f .040 

900 

500 

1500 

.040 

25000 

19000 

.500 

.625 

.312 

2.000 

500 

.031 f> .031 

1463 

813 

2440 

.051 

36000 


.6375 

.796 

.398 

2.550 

813 

.064 «■ .064 

2305 

1280 

3835 

.064 

5O6OO 

38400 

.800 

1.000 

.500 

3.200 

1280 

.072 ^ .072 

2915 

1620 

4860 

.072 

60400 

45900 

.900 

1.125 

.562 

3.600 

1620 

.081 6 .081 

3685 

2050 

6150 

.odi 

72100 

54750 

1.012 

1.265 

.640 

4.050 

2050 

.091 ♦ .091 

4655 

2585 

7760 

.091 

85800 

65250 

1.138 

1.425 

.710 

4.550 

2585 

.102 4 .102 

5850 

3145 

9750 

.102 

101800 

77400 

1.275 

1.593 

.796 

5.100 

3145 

.114 4 .114 

7310 

4060 

12180 . 

.114 

120200 

91500 

1.425 

1.781 

.812 

5.700 

4060 

.125 • .125 

8790 

4890 

14650 

.125 

138000 

105000 

1.5625 

1.953 

.975 

6.250 

4890 

.156 4 .136 

13680 

7610 

22800 

.156 

192600 

144000 ' 

1.950 

2.435 

1.218 

7.800 

'7610 

.187 • .187 

19660 

10920 

32800 

.187 

252500 

192000 

2.335 

2.920 

1.A60 

9.350 

10920 
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9. Tip Radius 

Results of test data also have indicated that the tip 
radius for dome tips is directly proportional to the 
thickness. 

r ~ Kh (12) 

It will be noted that the above equations do not take 
into account any particular material or slug diameter- 
thickness ratio. It is the author’s belief from tests 
made on materials other than clad 24ST including some 
ferrous alloys that the above laws hold true for all cases. 
Practical considerations, however, alter the conditions to 
a large extent in many cases particularly on steel. Also 
the basic assumption that the optimum conditions exist 
when d = 4A probably does not hold true for many other 
materials. 

It is realized that considerable liberty has been taken 
with assumptions made and the complete reason for 
making the assumption in many cases is not known. 
However by making them the mathematical derivation 
agrees with the empirical, because for clad 24ST mate¬ 
rial the above have been found experimentally to be 
strictly correct with, as expressed before, d = ^ as the 
optimum conditions, d = 3.5 h the tninitnnm practical 
condition and d » 3/i as the absolute minimum (see 
Fig. 6). 

The slug diameter has been found not to be a function 
entirely depending on the amount of current used but 
rather is determined by the correct relative magnitudes 
of all factors. If, for instance, an optimum weld is made 
having d » 4A and an attempt is made to produce a 
weld where d = Z.bh by reducing the current (7) leaving 
all other factors constant, it will be found that the pene¬ 
tration is reduced by a much higher percentage than the 
diameter and the consistency of successive spots suffers 
considerably. On the other hand if a good weld where 
d — Z.bh ha^ been produced with certain machine settings 
and an attempt is made to enlarge it to d = 4A, by in¬ 
creasing the current, the result again will be to increase the 
penetration more tli^ the diameter and to initiate crack¬ 
ing and porosity within the slug. 

Machine settings and the magnitudes of many of the 
above factors currently used in production do not conform 
to the above laws except in cases where the thickness 
being welded lies in approximately the center of the total 
welding range of the machine being used. This is not an 
indication that the laws cannot be applied practically, 
but rather it is an indication that some of the thicknesses 
are being welded on machines at a low degree of effi¬ 
ciency. In other words, the thicknesses which lie toward 
the low end of the range of a machine usually are welded 
with considerably too much pressure and heat because of 
the lack of sufficiently flexible machine adjustments or 
physical limitations. This means that spots curr^tly 
made on 0.012, 0.016 and 0.020, for instance, usually are 


six or more times the sheet thickness in diameter which is 
undesirable when considering either eflSciency or strength. 
A large number of spots having d ^ Ah consistently should 
produce a more efficient joint with less buckling and with 
less effect on the heat-treated structure of the parent 
metal. 

On the other hand the thicknesses which lie toward the 
upper end of the welding range of a machine are generally 
at best Z.bh in diameter because the maximum pressure, 
current and time available are too low for optimum condi¬ 
tions. This means that such spots are made at a low effi¬ 
ciency, all factors considered. The penetration of the slug 
and its surrounding heat-affected zone, not only is such 
that the metallurgical quality may be inferior to that of 
an optimum weld, but also causes heat penetration nearly 
to the surface of the material so that pickup on the 
electrodes may be quite severe (see Fig. 4). Also the 
separation of the sheets at the faying st^aces surrotmd- 
ing the weld may become difficult to control. Strength 
consistency is usually inferior to that of optimum wdds 
and a tendency to expel metal from between the sheets 
often results. In addition, welds spaced at a normal dis¬ 
tance will show a marked tendency for the second and 
succeeding welds to have a lower shear strength than the 
first, a condition which is of little or no consequence for 
optimum welds. 

Tile above and the laws propoimded herewith have 
been verified experimentally with hundreds of tests on 
aluminum alloys on different sized machines. A machine 
which has a guaranteed range of 0.016 to 0.081 will 
easily produce optimum welds on 0.032, 0.040 and 0.051 
but not on 0.016 or 0.081'. A machine whose guaranteed 
range is 0.032 to 0.125, on the other hand produces opti¬ 
mum welds on 0.064, 0.072 and 0.081 but not on 0.032 
or 0.125. Likewise, a machine having a range of from 
0.064 to 0.187 will produce optimiun welds on 0.091 
through 0.125 but not on 0.0^ and 0.187. In ev^ 
case, where the magnitudes of all factors of a machine 
could be adjusted to those desired as determined from the 
above laws to produce an optimum weld, the size and 
shape of the weld produced was exactly the same as that 
prefficted and the latitude of all adjustments was very 
wide with little or none of the undesirable effects described 
above (see Fig. 5). 

Table 1 contains values of K for each factor as ex¬ 
pressed mathematically for d — Zh, d — Z.bh and d = 4A 
for both constant and variable pressure welding. Prac¬ 
tically all of these values have been vmfied experi¬ 
mentally for the range of thicknesses from 0.032 to 0.125. 
Values for thicknesses below 0.032 have not been verified 
because no machine stnall enough haa ever been made for 
the ptupose. Likewise no machine large enough has 
ever be^ made for thicknesses above 0.125 to produce 
optimum welds. 

Tables 2, 3 and 4 present actual values for each of the 
factors as calculated from the factors in Table 1. 
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T he men who have rolled up 
the war records in shipyards, 
munitions factories and plane plants 
can tell you that it takes quality 
steels with exceptional welding char¬ 
acteristics to turn out good work in 
record time. 

Quality steels with exceptional 
welding characteristics . . . that’s 
a good description of U*S’S Rolled 
Steels. These high quality steels have 
helped many manufacturers to hang 
up new production records. 

Our technicians and research spe¬ 
cialists have helped, too. They have 
made thousands of tests to determine 
the welding properties of various 
steels. They have accumulated a 
huge store of knowledge about all 
kinds of steel, have amassed informa¬ 
tion which has proved of great value 
to welding engineers and designers, 
helping them save metal, turn out 
lighter, stronger work of better 
quality in less time. 

Perhaps our technical staff can 
help you. Why not discuss your weld¬ 
ing problems with us? Write us to¬ 
day. This service is offered without 
obligation. 


.s-s Ro"*-* I 

I steels iorf ^^.O-ROUEO 

c hOT-ROUEO 

-5 .,o^idi tht basic 

'ifrSlach job- 


EVERY SUNPAY EVENING, United States 
Steel presents The Tkealre Guild ou the 
Air. American BroadcastinECompany coait- 
tO'Coast network. Consult your newspaper 
lor time and station. 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, 5fl« Francisco 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 
United Slates Steel Supply Company, Chicago. If'arehouse Distributors 
United Stales Steel Export Company, New York 
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Some Fundamentals in All-Welded 

Ship Construction* 

By Milton Foiman^ 


T he Emergency Shipbuilding Program is drawing 
to a dose and the shipowners and shipbuilders 
are. planning the postwar passenger and cargo 
vessels whic^ will be plying the seas. 

At this time, the experiences, both good and bad, 
gained during intensive wartime construction and service 
should be ca^ully evaluated in order to determine the 
best and most economical methods to be used for the 
future. The competition during this coming period will 
be very keen, and as a result the quality of workmanship 
should improve considerably and the cost should be 
greatly reduced. 

When the war began, the tasks and quotas set for the 
shipbuilding industry seemed beyond realization. How¬ 
ever, new yards sprang up all over the country, old 
yar<^ expanded manyfold, and the quotas were fulfilled 
and surpassed. This unprecedented expansion of the 
shipbuil^ng industry, coupled with the demands of the 
Aimed Forces, left the shipyards with inadequate super¬ 
vision and a Wge proportion of unskilled workmen. In 
addition to this, ^e urgent demand that the ships be 
delivered'nmc, meant that quality of workmanship was 
sacrificed to quantity production. 

• Is there any wonder, therefore, that fractures de¬ 
veloped in some ships prior to and during service? The 
most dramatic example of these failures was the breaking 
in two of the S.S. “Sdienectady.”* 


-Ship Failures 

An analysis of the figures presented on June 3, 1944 
in the report* of the Board of investigation designated by 
the Secretary of the Na-vy shows that— 

From a total of 2993 ships, 95 or 3.2% developed po¬ 
tentially serious failures. 

20 vessels or 0.67 of 1% suffered complete loss of the 
strength deck. 

5 or 0.17 of 1% broke in two. 


• Cause of Failures 

A report delivered before the House of Representatives^ 
on June 20, 1944, reported the following: 

“The causes for plate fractures may besummarizedas— 

1. Internal or locked-up stresses resulting from weld¬ 

ing and the failure to observe proper welding 
sequence. 

2. Poor quality of welding workmanship and inade¬ 

quate supervision and inspection. 


* Scheduled for the Twenty-Sixth Anotial Meeting, A.W.S., October 1945. 
Portions of this paper were delivered before the Bimungham and New Orleans 
Salons of the Axbucam Wbldino Socisty. 

t Welding Engineer. Ingalls Shipbuilding Corp.. Pascagoula, Miss. 


3. The characteristic of steel known as notch sensi- 

ti-vity. 

4. Unity of welded structures resulting in no crack 

stoppers. 

5. Deficiency in details of design. 

6. Low temperature and temperature changes. 

7. Results of ship operation practices required by the 

exigencies of the war. 

8. Inexperienced personnel.” 

As a result of the foregoing, regulatory bodies required* 
that improvements be made in design and that crack 
arrestors, in the form of riveted gtmwme bars and riveted 
deck straps, be added to the ships in service and the ships 
on the Ways. 

Crack Arrestors 

The above requirements sought to eliminate fractures 
due to design and to stop cracks once they had started. 
There is no doubt that this was necessary as an immedi¬ 
ate measure to alleviate the situation. However, the 
blanket application of this requirement assumes that 
fractures are inevitable in a welded structure, and that 
these fractures inevitably propagate with the resultant 
loss of major strength members. 

It seems to me &at although the riveted gunwale bar 
could be justified for many ships built in ^e haste of 
wartime construction, it is basically unsoimd to insist 
on its use for all ships and especially for vessels built for 
peacetime operation under normal building conditions. 

It is the contention of The Ingalls Shipbuilding Corp. 
that all-welded ships have, can and will be built to be 
completely free of fractures. The fact that 2561 of 
2993 ships* built during adverse wartime conditions are 
successfully operating under severe wartime service (as of 
Jtme 1944) with no indication of fracture, is ample proof 
of this. Also, the fact that welded hulls of the C-3 and 
C-1 t)q)e have developed comparatively less fractures 
than ^e Liberty ships further substantiates this thought. 

As of June 1944, of 1995 Liberty ^ps analyzed,^ 
9.47% developed ei^er Class 1 or Class 2 fracttues. 

Of 73, C-3 Hulls, 2 cw 2.74% developed these fractures. 

Of 122, C-1 Hulls, 2 or 1.62% developed the same. 

It is therefore obvious that a ship of superior design 
to the Liberty ship, despite the fatilts of wartime con¬ 
struction, has a much lower frequency of fracture. 

Statistics, of course, do not show the entire picture. 
Therefore, let us carefully analyze the causes and see to 
what extent they can be controlled and eradicated. 

Residual Stresses 

One of the characteristics of welding is that high longi¬ 
tudinal stresses are developed in the weld and immedi- 
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Fig. 1—Koto That Ezcefrive Flams Shrinking and 2S° Change 
in Temperature PrOTided the Reaction Strenee and Energy to 
Propagate Fracture. A Small Crack and Sharp Notch De> 
T^opM in Deck Plating When Fillet Weld Created the Un¬ 
weld^ Butt oi Coaming 


ately adjacent to the weld. These stresses vary with the 
thickness of the plate and are in the neighborhood of the 
yield point of the weld metal. 

Considerable research has been done to determine 
whether the presence of these stresses reduce the strength 
of the welded structure. 

A Committee of the Welding Research Council in a 
discussion* of the "Weld Stress Problem” states the 
following: 

"Experimentally it has not been shown in a laboratory 
that these residual stresses cause a structure to behave 
a great deal differently than one without them.” 

The above statement is limited by the following: 

-“practical experience indicates that this general 

statement cannot be carried over to thick materials 
where considerable triaxiality is involved. This is the 
object of the Structural Steel Program of the Bureau of 
Standards. . . .” 

The results of the pilot test of Box Girder No. 1, 
tested at the National Bureau of Standards as part of 
the above program, are now available. (See Figs. 8-11.) 
They also indicate that the high residual stresses, delib¬ 
erately welded into this 9-ton girder because of a very 
abusive sequence,^ had little, if any, effect on the ulti- 
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Fig. 2—^Re-deiign of Abrupt CkangM in Soction at Hatch 
Comoro Attacnmentf to sheer Strake, etc., Haa Already 
Decreaaed Fractuiea at Theee Locationa 


mate strength. Despite the presence of a notch, virtu¬ 
ally the entire calculated strength was utilized before the 
girder failed. 

Mr. Leon C. Bibber, in his paper^ presented to the 
Annual Meeting of the Society of Nav^ Architects and 
Marine Engineers, comes to the following conclusion: 

". . . good strength and elongation can be obtained 
from longitudinally welded joints of heavy plates in 
both angle t}q)e and flat plate although considerably 
less elongation occurs in the tee type when auto¬ 
matically welded with the deck in thehorizontalplane.” 

An investigation* carried out under the auspices of the 
Ukrainian Academy of Sciences, Institute of Electric 
Welding, came to the following conclusion: 

"In 17 out of 19 tests which were performed, the 
strength of the base metal was not found to be re¬ 
duced by the shrinkage stresses when the construction 
was subjected to static and vibration tests.” 

As a result of these and other investigations, there 
seems little doubt that residual stresses contribute little, 



Tig. 3—Re-dMign and Breaking Continuity at Butt Weldf, 
Wnera They Attach to Shell, Eliminates Pos^ility of Fracture 
Propagating Into Shell Plate 


if anything, toward reducing the strength of welded 
structures. 

In addition to the above, methods have been found 
of reducing and controlling these residual stresses. The 
Low Temperature Stress Relief Method developed 
jointly by Sun Shipbuilding Co. and The Linde Air Prod¬ 
ucts has been proved to reduce the peak values of these 
stresses to a very great degree. Peening the weld metal 
and two inches of the adjacent parent metal has also 
proved successful in this respect. 


Reaction Stresses 

Reaction stresses are those caused by the external re¬ 
straint of members. If temperature chants or welding 
shrinkage takes place in a section under external re¬ 
straint, these reaction stresses develop. 

The Subcommittee on Hull Construction in its tenta¬ 
tive report,' "Structural Failures in Welded Ship Con¬ 
struction,” states: 

"If there is some focal point of high concentration of 
stress due to geometrical irregularities or poor work¬ 
manship, a emek is likely to start at this point and, 
if the reaction stresses are high enough, may extend 
for a considerable distance.” • 

To cite an example from experience, which in ray opin¬ 
ion shows the role played by reaction stresses in devdop- 
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ing a structural failure. (See Fig. 1.) Note that here 
we have most of the elements of a major ship failure. 

1. A completely brittle failure. 

2. Comparatively low temperature, 20® to 45° F. 

3. Twenty-five degrees change in temperature within 

24 hr. 

4. Excessive flame shrinking taking place and pro¬ 

viding additional reaction stress and energy to 
propagate the fracture. 

5. Disregard of good welding practice by crossing an 

unwelded butt in hatch coaming and developing 
an initial small crack and sharp notch. 

Our experience shows that although reaction stresses 
cannot be completely eliminated, since there is always 
some kind of external restraint present, they can be 
satisfactorily controlled. This is the reason why we de- 
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Flo. 4—ReKlesign and Braaking Continuity at Butt Welds, 
Where They Attach to Shell, Eliniinatee Pcwtikillty ol Fracture 
Propagating Into Shell Plate 


veloped a complete and thorough fitting and welding 
sequence at the Ingalls Shipyard. (See paper*® written 
by author in the Apoil 1945 issue of The Welding 
Journal.) A well-planned and carefully controlled 
fitting and welding sequence can control these reaction 
stresses. Special measures, including peening of close 
in, final welds, must be resorted to, wherever there is 
excessive restraint. 


Stress Risers and Stress Concentrations 

Stress risers are the result of abrupt changes in section 
in design, or notch effects which arise from defective 
welding, irregular burning, etc. These prevent the 
smooth distribution and transmission of stresses. 

The Committee of the Welding Research Council in 
a statement* on "Weld Stress Problem" declares: 

"There seems to be general agreement that this one 
factor (stress risers) overshadows all others, and in 
combination with low-temperature notch sensitive 
steels and impact loading accounts for most df the 
trouble.” 

^ careful investigation of the fractures which have 
occurred invariably leads us to a stress riser as the source. 
Since this truth stares us in the face more sharply every 
day, it means that the shipbuilder must pay major atten¬ 
tion to eliminating these sources of fractures, if he is to’ 
produce welded ships free of failures. 

A thorough analysis of past fractures, especially the 



Fig. 5—Special Preoautiont Whieli Inauxe Sound Welding at 
En^ of Erection Butti in Main Deck, Elin^atee Theee Locations 
as Crack Starters 


more serious ones, shows that they invariably start at 
one of six specific locations. These locations are: 

1. Square hatch comers. 

2. Notch or abrupt change in section at the upper 

edge of the ^eer str^e.* 

3. Faulty weld at gunwale connection. 

4. Faulty weld at end of Main Deck erection butts. 

5. Faulty weld at bulwark and continuity at bulwark 

butts to main structure. 

6. Faulty weld in bilge keel and continuity at bilge 

keel butts to bilge strake. 

It is obvious therefore that each individioal fracture 
has as its starting point a stress riser in the form of poor 
design or faulty workmanship. As a result of require¬ 
ments* on the part of regulatory bodies, most of the de¬ 
sign stress risers at the above crucial locations have been 
elimi nated. The hatch comers have been reinforced 
and rounded. (See Fig. 2.) The attachments at the 
sheer strake have been either eliminated or redesigned 
to allow for a smooth transmission of stresses. The bilge 
keel and bulwarks have been improved and no longer 
allow continuity in way of welded butt joints, (^e 
Figs. 3 and 4.) 

The above-cited measures alone have reduced the 
fractures in these locations to a very great extent. ^4ore 
steps can and are being taken to further ynprove the 
design of our ships. In order to guarantee that no detail 
of design is overlooked, the In^lls Shipbuilding Corp. 
is carefully reviewing all plans and is making alterations 
where they are justified. * 


Workmanship 

Given a satisfactory design, the most crucial factor 
in building ships which will ^ free of fractures, is pains¬ 
taking workmanship. Although it is understandable, 
it is quite unfortunate that this was lost sight of, to some 
extent, during the intense effort to fulfill the demands 



Fig. 6—Careful Back Gouging Eliiiiinatet Cracks from Forming 
in Welds 
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Fig. 7—A Good Full Penetration Weld, with Only One Side 
B^eled, If Difficult to DepMit. Double Fillet Weld Is Prefer* 
able at Gunwale Connection 


of the shipbuilding program. The Ingalls Shipbuilding 
Corp. is rather proud that it laid major emphasis on good 
workmanship all the way through this emergency pro¬ 
gram. 

The problem of building fine all-welded ships is not 
something which can be discussed and resolved in the 
abstract. These vessels must be built by a designated 
ntunber of men. If they do not understand the nature of 
welding and if they do not intelligently use their tools, 
the pr^uct will be inferior. 

There has been a tendency on the part of some people 
to say that a ship is so large and there is so much welding 
on it that it is impossible to ensure that all the welding is 
sotmd. The fractures which tend to endanger the 100% 
welded ship are not located all over the ship. They are 
localized to six specific locations. When the problem is 
approached from this point of view, it is not overwhelm¬ 
ing. It therefore becomes a relatively simple, but very 
important, job to guarantee the qriality of work at these 
pomts. 

There are no deep dark secrets about these danger 
areas; therefore, the builder must make arrangements to 
take special precautions at these locations. 

Careful preparation and welding are required at each 
erection joint of the Main Deck. The starting and end¬ 
ing points of these welds should be cleaned out in way of 
the welding to the shell and hatch coamings and rewelded. 
(See Fig, 5.) These welds should be peened in order to 
minimize root cracks. Back gouging ^ould be carefully 
carried to sound metal. (See Fig. 6.) If the above pre¬ 
cautions are followed there is little likelihood of stress 
risers due to faulty welds. 

The upper edge of the sheer strake has already been 
cleared of abrupt changes in design. It will therefore be 
a comparatively small job to inspect the same for notches 
caused by-careless burning, etc. 

The gunwale connection itself should be redesigned 
from a full penetration weld to a double fillet. It is 
much qjiore simple to deposit a sound fillet weld than try 
to make a good connection out of a badly designed joint. 
(See Fig. 7.) All Ingalls vessels have this double fillet 
at their gunwale connection, and in no case has this been 
a source of fracture. 

The bilge keel and bulwark butts can be carefully 
prepared and welded. There are not too many of these 
to make the job complicated. Already the discontinuity 
in present design allows a considerable safety factor. 

It is therefore fairly evident that these special meas¬ 
ures at a limited number of important locations are en¬ 
tirely in order and surely justify the full attention of the 
builder. Although these safeguards should be part of the 
regular production process, ripd inspection, including 
X-ray, necessary, can fur^er guarantee that the 
worl^anship is on the highest quality. 

Low Temperature 

At comparatively low temperatures, ship steel de¬ 


velops high notch sensitivity. This characteristic of 
steel contributes to failures in the presence of a sharp 
notch. It therefore follows that either the notches must 
be eliminated or a steel must be found which has low 
notch sensitivity at low temperatures. Such a steel has 
already been suggested, with low carbon, high manganese 
and some aluminum. 

It should be kept in mind that notches in design or 
workmanship are still undesirable even for a steel of low 
notch sensitivity. Therefore, we again end up with the 
need to eliminate stress risers and stress concentrations. 
It is my opinion that these have and can be eliminated 
where proper control has been exercised. 

It ought to be mentioned at this time that investiga¬ 
tions have shown that the notch sensitivity of the weld 
metal is not greater than that of the base metal. It is a 
rather common observation that those fractures that do 
start in the weld invariably tend to propagate in the 
adjacent parent metal. 

Another important point, I would like to call attention 
to, is that in the alienee of a sharp notch, a welded 
structure develops practically its fuU strength. Mr. 
Leon C, Bibber, in his paper* delivered to the Society of 
Naval Architects and Marine Engineers, states the 
following: 

*Tt is seen that these specimens made of thick plate 
and containing these residual stresses, when tested 
at the relatively low temperature of 4-20® F. were 
capable of developing practically the full ultimate 
strength and elongation attained from a virgin base 
metal ^cimen, certainly more strength and elonga¬ 
tion th^ the joint could be called upon to develop in 
a ship.” 

I also expect that the testing of Box Girder No. 2 at 
the National Bureau of Standards at —40® F. will show 
similar results, in the absence of a notch, and despite the 
presence of multi-directional constraint. 

Rigidity 

In examining the fractures which have occurred, the 
fact that the failures were brittle in character and that 
no or little plastic flow took place, stands out. To a 
certain extent this is attributed to the presence of multi¬ 
directional constraint characteristic of a ships’s design. 
Again referring to the test of Box Girder No. 1, at the 
National Bureau of Standards, we see that despite 
the severe constraint, the brittle fracture and the maxi¬ 
mum of 2.1% reduction in thickness at the fracture, the 
girder did not fail until practically its entire strength 
was utilized. (See Figs. ^11.) This failure took place 
after about 8-in. deflection from the neutral axis, and 
about 6-in. permanent “set.” 

It does not seem, therefore, that the great rigidity of 
this 9-ton girder, buUt from 2^/r\n. and iVrin. plate. 



Fig. 8—Data on Box Giidei No. 1. Practically Full Strangtk of 
Girder Utilixed Before Fracture Occurred 
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Rg. 9—^Boz Gilder No. 1 Ready to Be Tested at National Burean 
of Standards, Wash., D. C. Box Girder No. 1 Was Built at 
Ingalls Slupbuilding Corp. FIts More Will Be Built as Part 
of the Same Program 


decreased the over-all strength under a test of static 
loading. There is no doubt tMt the design did contrib¬ 
ute toward developing a brittle type of faUure. 

If this test can be taken for an indication, it seems to 
me that the rigidity or multi-directional constraint exist¬ 
ent in welded ^ps does not reduce their ultimate strength 
and therefore make them more susceptible to failure. 
We do know that the normal “working,” hogging and 
sagging, of the all-welded ship is not h^per^ by its 
welded joints. 

There is no question that much more can be done to 
further investigate this problem. 



Fig. 11—Cros s s o ctiooal View Showing Brittle Fracture. Note 
Defect in Weld at Lower Left Hand 


Despite the foregoing, future tests have been planned 
to investigate the possibilities of developing a welded 
t)rpe of crack stopper. These tests are part of the pro¬ 
gram^ conducted at the National Bureau of Standards. 
(See Fig. 12.) 

We ^ould also keep in-mind that despite the low notch 
toughness of ship stlel, a very low proportion of ship 
fractures have propagated from one strength member to 
another. 


Absence of Crack Stoppers in All-Welded Ships 

It is true that all-welded ships today do not have crack 
stoppers. However, given a ship wUch has been care¬ 
fully constructed, it is the contention of the Ingalls 
Shipbuilding Corp. that this requirement is unnecessary. 
We feel that the real problem is to stop the crack from 
starting. If all hands concentrate on improving design 
and a^eving superior workmanship, the theory of 
supplying cra^ stoppers becomes supeI^9uous. 



Ilg. 10—Detail of Fiactuxe After Comx)letio& of Test, Box Girder 
No. 1 


Wartime Operating Conditions 

The abuse taken by our ships during the war, such as 
overloading, pushing full speed ahead in bad weather to 
maintain position in a convoy, etc., has been listed as a 
contributing factor in developing fractures. There is no 
reason to believe that private owners will mistreat their 
ships in this manner after the war. 

S.S. "Sea Porpoise" 

A good deal of attention has been paid to the frac¬ 
tures which have developed and in a sense this is good 
because it has laid the preconditions for elimin ating 
the causes. However, comparatively little has been said 
of the terrific punishment t^en by some of the all-welded 
ships. Statistics do show that of the all-welded ^ps 
built, 85.6% have developed no sign of fracture as of 
June 1944, despite the shortcomings of wartime shipbuild¬ 
ing and ship operation. 

At this point, I would like to call attention to a ship, 
S.S. “Sea Porpoise,” built by Ingalls as a C3-S-A2 
vessel, and convert^ to an Army transport. This ship 


Tig. 12—^Typical Daaign* for Crack StopMif. Tkaae Will Be 
Tested as Fart of Pr^reun at Nattomal Bureau of Standards 
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Fig. 13—Artist's Sketch Showing Explosion Area of 
"Sea Porpoise" 


underwent an experience, the survival of which I believe 
can be attributed to the fact that it was of welded con¬ 
struction. A severe underwater explosion took place 
beneath the bottom at midships, causing a tremendous 
upward pressure, bodily lifting the vessel from 2 to 3 ft,, 
according to Lieutenant Commander E. V. Williams, then 
first mate and now master of the vessel. 

Although buckling took place on the shell between 
two frames on the starboard side, extending from the 
flat keel to the sheer strake, not a single leak developed 
in the weld or plating. A small leak dhd finally devdop 
in the flat bottom at the longitudinal girder in the 
cofferdam when the ship was lifted out of the water in 
drydock. As a result of the explosion, the severe hogging 
action did develop three small fractures in the shelter 
deck at three square hatch comers. Other structural, 
piping and machinery damage was sustained below the 
shelter deck, but these did not affect the basic hull stmc- 
ture. No damage was found at the gunwale connection. 
(See Figs. 13-15.) 


solved, and there is much research work to be done. 
However, it is my firm belief that the theory of com¬ 
pletely welding large structures such as ships, should not 
be discarded at this time. 

Peacetime standards and highly skilled workmen will 
remain in the shipyards which will continue operating. 
Added to this, careful planning and adequate supervision 
will undoubtedly allow us to overcome the faults of hasty 
wartime construction. We have and will continue to 
build cheaper, faster and stronger welded ships. 

I would like to conclude with some pertinent remarks 
made by the Subcommittee bn Hull Construction in its 
report’ on structural failures; 



Fig. 15—^Details Showing Fractures Developed as a Result of 
Explosion 



damage: lime 


Fig. 14—Artist's Sketch Showing Shell Damage line of 
"Sea Porpoise" 


The terrific punishment taken by this ship is surely a 
testimony to aU-welded ship construction. It is also high 
praise for the work done at Ingalls, for not a single wdd 
installed by the Ingalls Shipyard during the original 
construction of the ship showed a sign of failure. Keep¬ 
ing this in mind, and with our present improved design, 
it would surely be a step backwards to require a riveted 
gunwale bar on this type of ship. 


Conclusion 

I am not offering this paper with the thought that the 
last words have been said concerning the building of 
100% welded ships. There are still many problems to be 


"Probably the greatest source of trouble under present 
conditions is overconfidence on the part of production 
workers and supervision who have violated rules of 
procedme in the past without apparent trouble and 
who fail to realize that the margin of safety may be 
entirely destroyed by a combination of circumst^ces 
in another case. 

“Properly informed and adequate supervision, not 
only in welding but in the departments preparing the 
materials for welding, is a necessary factor in engineer¬ 
ing control." 
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Chemical Factors Affecting the Welding 
Properties of Stabihzed 18-8 
Stainless Steel* 

By Franklin H. Page, Ii.^ 


I N THE oxyacetylene and atomic hydrogen welding 
of 18-8 stainless steel one hears the frequent com¬ 
plaint from welders and their foremen that some 
heats of steel are much more difficult to weld than others. 
In the manufacture of products such as aircraft exhaust 
manifolds, where oxyacetylene welding represents a very 
large portion of the total manufacturing cost, losses due 
to poor welding properties of some heats of st^ may be¬ 
come quite expensive. 

A company laboratory, such as the author’s, which is 
in the habit of goin^ through the routine of checking on 
materials for comphance with the government specifica¬ 
tions, easily drifts into the habit of discounting these 
complaints after it has been demonstrated that the 
material in question complies with the Army-Navy speci¬ 
fications. However, it was repeatedly demonstrated by 
our welders that some lots of stabilized stainless ste^ 
could be welded at speeds more than three times as fast 
as the maximum welding speed for another lot of the same 
type of stainless steel. 

As it would be of considerable value to any fabrica¬ 
tor to be able to obtain stainless steels all heats of which 
had as good welding properties as the best heats hereto¬ 
fore seen in the shop, an attempt to correlate these 
welding properties with chemical composition and any 
other controllable factors was indicated. 

In the investigations which followed, 208 heats of 
Type 321 titanium-stabilized stainless steel and 36 heats 
of Type 347 columbium-stabilized stainless steel were 
rated as to their relative weldability and these results 
correlated against the chemical composition and other 
data. The results of this investigation indicate that the 
cost of welding stabilized stainless steels using oxyacety¬ 
lene or atomic hydrogen may be materially decreased 
by slight changes in the chemical composition within 
existing specifications. 


Weldability Index Scale 

It is admitted that the application of the term “weld¬ 
ability” to austenitic stainless steels which show no 
quen^ hardening is not in accordance with the most 
widely used sense of this term. However, no other term 
seems to describe adequately the property in question. 

In order to have a scale for judgment of the relative 
speeds with which various stabilized stainless steels may 
be welded a numerical index scale has been established 
rating the weldability of these steels from 0 to 5. A 
separate evaluation must be made for each t 3 rpe of weld- 


* Scheduled tor the Twenty-eisth Annuel Meetlnc, A.W.S., October 1946. 
t Bdenefcr, Fectory Lebmtory, Soler Aircreft Compeny. Sen Diego. 


ing and it is quite possible that one steel might have a 
number of weldability indices: for instance, a weld¬ 
ability index of 3 with oxyacetylene welding, a weld¬ 
ability index of 2 with atomic hydrogen wel&ig and a 
weldability index of 5 with helium or argon shielded arc 
welding. The weldability index may also vary with the 
type of fiux used on fluxed seams. 

It is understood that the maximum speed at which 
welding can be done depends upon torch adjustment and 
the skill of the operator, as well as the chemical com¬ 
position and the preparation of the joint. The weld¬ 
ability tests in the case of oxyacetylene welding were 
performed with a neutral or very slightly reducing flame 
and with the optimum amoimt of heat input for the 
particular speed at which the metal was being checked. 
Clean, scale-free material was used and all other welding 
conditions, such as the height of the flame above the 
metal, were those generally considered to be the best 
practices. In general, weldability is rated on the basis 
of the net production per 8-hr. day by a welder of better 
than average ability with the usual utilization of his time. 

A weldability index of 0 indicates a stainless steel 
which is impractical to weld at any speed: it shows crow's- 
feet and porosity such as pinholes and wormholes at the 
lowest speed at which the fire is hot enough to melt the 
metal. 

Weldability Index of 1. —Weldable only at very slow 
speeds. The average production welder can achieve 
about 400 in. per day (on a butt weld with 0.050-in. 
material) without very much difficulty on this material. 
An imusually skillful welder could net 600 in. per day, 
but with considerable difficulty and much hard work in 
that he would have to stir out imusually great quantities 
of gas. Even with the most skillful welder, pinholes and 
crow’s-feet would result from a 600-in.-per-day speed. 

Weldability Index of 2. —Approximately equivalent to 
the average Type 321 stainless steel currently available. 
The average wdder could be expected to net about 600 
to 700 in. per day, though with much hard work he 
might produce 800 in. with a considerable amount of 
porosity and pinholes. A good welder with very hard 
work could produce approximately 1000 in. per day 
though with quite a bit of trouble from crow’s-feet and 
pinholes. 

Weldability Index of 3. —The average welder can pro¬ 
duce from 800 to 1000 in. per day without much diffi¬ 
culty and a good welder can produce 1200 in. per day or 
better, with no crow’s-feet or pinholes. 

Weldability Index of 4. —^A good welder can make 
about 1400 in. per day with no trouble at all and no 
pinholes or other porosity. The average welder could net 
1000 to 1200 in. per day if supervision were to speed him 
up and if all steel used rated 4 or better, so that he 
would get into the habit of welding at this speed. 
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Tabl* 1—Composition Correlation Groups. AISI Type 321 (18-*8>Titanium) Stainless Steel 



Group I 

Group II 

Group III 

Group IV 

Group V 

Ti 

0 - 0.41 

0.42 

- 0.46 

0.47 

- 0.58 

0.59 - 

0.66 

0.67 -up 

C 

0 - 0.052 

0.053 

- 0.062 

0.063 

- 0.081 

0.082- 

0.092 

0.093- 0.10 

Mn 

0,20- 1.18 

1.19 

- 1.26 

1.27 

- 1.39 

1.40 - 

1.56 

1.55 - 2.50 

P 

0 - 0.013 

0.014 

- 0.017 

0.018 

- 0.025 

0.026- 

0.031 

0.032-0,040 

S 

0 - 0.0054 

0.0055- 0.0086 

0.0087- 0.0169 

0.017- 

0.0199 

0.020-0.040 

Si 

0.20- 0.33 

0.34 

- 0.41 

0.42 

- 0.66 

0.57 - 

0.70 

0.71 -1.50 

Ni 

7.00- 9.80 

9.81 

-10.18 

10.19 

-10.47 

10.48 - 

10.79 

10.80 -up 

Cr 

17.00-17.27 

17.28 

-17.61 

17.62 

-17.97 

17.98 - 

18.41 

18.42 -up 

AI 

0 - 0.08 

0.09 

- 0.14 

0.15 

- 0.17 

0.18 - 

0.22 

0.23 -up 

Ti/C 

4.00-6.0 

6.1 

.- 7.2 

7.3 

- 8.6 

8.8 - 

10.0 

10.1 -up 

Cr/Ni 

0 - 1.71 

1.72 

- 1.77 

1.78 

- 1.91 

1.92 - 

2.03 

2.04 -up 


Weldability Index of 5 .—^This weldability rating is the 
present goal in improving the weldability of sheet 
stainless steel and is limit^ only by the ability of the 
welder to move along on the particular thiclmess on 
which he is working. A welder of unusual skill could 
produce 1600 in. per day without much difficulty. The 
average welder of hmited experience could produce 1600 
in. per day if supervision were to teach him to move at 
this speed and if he always had steel with a weldability 
index of 5 so that he could develop the habit of moving 
at this speed. 

We have found it most useful to evaluate the steels 
by having them welded by one or more skilled operators 
of supervisory grade who are f amili ar with production¬ 
welding problems and are able to estimate how much 
production a welder could turn out with a particular set 
of welding conditions. They are instructed not to at¬ 
tempt to assign fractional index numbers but the nearest 
full number. It is admitted that this is a quite subjective 
way of judging welding performance but it is demon¬ 
strated that the weldability numbers assigned by the 
various operators trained in this work correlate with each 
other. 

Chemical Correlation Groups 

For the purpose of correlating chemical composition 
and weldability, a statistical andysis of the distribution 
of percentages of each element and of certain element 
ratios was made on several hundred heats each of Type 
321 and Type 347 stainless steel. On the basis of these 
statistical analyses five correlation groups were set up 
for each element and element ratio in each of the two 
types of stabilized stainless steel. 

Ten per cent of the samples are in Group I, present¬ 
ing the smallest amotmt of the element; 25% of the 
samples are in Group II, representing die next larger 
amount of the element; 30% in Group III, in the middle 
of the range; 25% in Group IV, next greater than Group 
III; and 10% in Group V, the samples containing the 
largest amount of the particular element. The limits of 
these groups, in terms of the element content in the 
samples, are shown in Tables 1 and 2. 


As an example of the application of these correlation 
groups we can assume a h 3 rpothetical stainless steel heat 
containing 0.078% carbon, therefore being in carbon 
correlation Group III; containing 0.018% sulfur, cor¬ 
relation Group IV; 0.026% phosphorus, correlation 
Group IV; 0.36% silicon, correlation Gro^ II; 1.29% 
manganese, correlation Group III; 18.31% chromium, 
correlation Group V; 9.90% nickel, correlation Group II; 
0.44% titanium, correlation Group II; with a titanium- 
to-carbon ratio of 5.55, therefore in the titanium- 
carbon Group I; with a chromium-nickel ratio 1.85, 
Group III. 

Weldability Indices and Their Correlation 

Weldability indices for oxyacetylene welding were as¬ 
signed to 208 heats of Type 321 titanium-stabil^ed stain¬ 
less steel and 36 heats of Type 347 coltunbium-stabilized 
stainless steel. Flange-edged type preparation was used 
on these specimens in order that the wdds could be made 
without dilution of the weld metal by addition of filler 
rod. This method is frequently used on the production 
welding of stainless-steel stampings. In this method a 
flange approximately ^/n in. high is turned up on the 
edge of the specimen and is melted down in the welding 
operation. The metal was fluxed with Solar Type 16GH 
welding flux. It was demonstrated that the type of flux 
used has a considerable effect on the speed at which the 
material could be welded and therefore on the weld¬ 
ability index. This flux was standardized so as to have 
all re^ts comparable. 

The weldability of a smaller number of specimens was 
determined using atomic hydrogen and argon shielded 
gas welding. The results with oxyacetylene were cor¬ 
related with the various element groups by averaging the 
weldability numbers of all samples faUing within each 
element correlation group. These results are tabulated 
in Tables 3 and 4. The reason for including the stabi¬ 
lizing element-to-carbon ratio, and the chromium-to- 
nickel ratio, is that these ratios are suspected of having 
an effect upon the forming properties of stainless-steel 
sheet and sometime possibly may be specified. 

An additional correlation was made with the manu- 



Tabltt 2—Composition Correlation Groupa. 

AISI Type 347(18-8.Coluznbium) Stainlesa Steel 



Group I 

Group II 

Group III 

Group IV 

Group V 

Cb 

0 - 0.65 

0.66 - 0.78 

0.79 -0.94 

0.95 - 1.08 

1.09 -up 

C 

0 - 0.047 

0.048 - 0.068 

0.069 - 0.077 

0.078 - 0.094 

0.096-0.10 

Mn 

0.20- 1.18 

1.19 - 1.32 

1.33 - 1.67 

1.68 - 1.86 

1.87 -2.50 

P 

0 - 0.012 

0.013 - 0.017 

0.018 - 0.024 

0.026 - 0.031 

0.032-0.040 

S 

0 - 0.0057 

0.0058- 0.0086 

0.0087- 0.0136 

0.0137- 0.0189 

0.019-0.040 

Si 

0.20- 0.27 

0.28 - 0.40 

0.41 - 0.54 

0.55 - 0.64 

0.65 -1.60 

Ni 

7.00- 9.97 

9.98 -10.70 

10.71 -11.19 

11.20 -11.49 

11.50 -up 

Cr 

17.00-17.38 

17.39 -17.69 

17.70 -17.99 

18.00 -18.51 

18.52 -up 

Cb/C 

8.00- 9.8 

9.9 -10.8 

10.9 -12.8 

12.9 -14.3 

14.4 -up 

Cr/Ni 

0 - 1.65 

1.66 - 1.66 

1.66 - 1.72 

1.73 - 1.91 

1.92 -up 
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facttirers of the steel. These data are tabulated in Tables 
5 and 6. (The manufacturers are identified by code letter 
only as it is not the policy of the author’s employer to 
reveal the identification of these manufacturers to anyone 
other than a representative of the particular company 
concerned.) Tlie manufacturers represented here melt 
and roll most of the tonnage of stai^ess-steel sheet pro> 
duced in the United States. Fiuther examination of the 
differences in weldability of stainless steel furnished by 
various manufactiuers demonstrated that these differ¬ 
ences were due only to the ranges of the silicon and man¬ 
ganese content wluch they habitually provided in their 
products, although all materials checked complied with 
Army-Navy Aeronautical Specification AN-QQ-S-757. 
The higher silicon and higher manganese products of 
manufacturers C and E were equal to any material pro¬ 
duced by manufacturers A and G. 


Tabl* 3—Corr«lation of Avorago Woldability Indicas with 
Compoaition Oroupo. Typa 321 (18-8-Titani\mi) StainloM 
Staal. Ox 3 racatylazM Walding, Solar 160H Flux 

(Figures tabulated are the average weldabilities obtained on 
samples for this group.) 



Group I 

Group II 

Group III 

Group IV 

Group V 

Ti 

1.57 

1.44 

1.66 

1.82 

« 

C 

1.44 

1.73 

1.62 

2.06 

• 

Mn 

1.84 

1.68 

1.61 

1.66 

2.53 

P 

• 

1.86 

1.60 

1.79 

• 

S 

• 

1.60 

1.56 

« 

• 

Si 

0.76 

1.10 

1.61 

2.50 

2.54 

Ni 

1.74 

1.52 

1.56 

1.94 

• 

Cr 

• 

1.53 

1.88 

1.42 

1.80 

A1 

1.83 

1.60 

1.94 

1.60 

1.76 

Ti/C 

1.40 

1.41 

1.67 

1.69 

1.64 

Cr/Ni 

1.84 

1.61 

1.51 

1.70 

• 


* Too few samples of this group were taken to present a valid 
correlation. 


Table 4—Correlation of Averam Weldability Indices with 
Composition Groups. Type 347 (18-8-Columbium} StainlsM 
Steel. Ozyacetylene Welding, Solar 160H Flux 


(Figures 

tabulated 

Group I 

are the average weldabilities obtained ( 
samples for this group.) 

Group II Group III Group IV Group 

Cb 

• 

1.83 

1.58 

2.00 

« 

C 

« 

1.57 

2.00 

• 

• 

Mn 

« 

• 

2.00 

ft 

* 

P 

* 

1.76 

1.40 

ft 

• 

S 

« 

« 

1.64 

ft 

* 

Si 

1.00 

1.29 

1.71 

2.00 

3.00 

Ni 

2.67 

1.75 

1.50 

• 

* 

Cr 

« 

• 

1.40 

1.85 

2.13 

Cb/C 

2.26 

2.00 

1.80 

1.80 

1.50 

Cr/Ni 

1.33 

1.37 

2.00 

2.00 

a 


Table 5-~Correlation of Steel Manufacturer with Weldability 
of Type 321 (18-8-Titanium) Stainless Steel 


Manufacturer 
(Code Letter) 
A 
B 
C 
D 
E 
F 
G 


Average Weldability of Manufacturer’s Product 
2.80 

Not enough samples for valid average 
1.65 

Not enough samples for valid average 
1.14 

Not enough samples for valid average 
2.46 


Table 6—Correlation of Steel Manufacturer with Weldability 
of Type 347 (18-8-Columbium) Stainless Steel 


Manufacturer 
(Code Letter) 

• A 

B 

C 

D 

E 

F 

G 


Average Weldability of Manufacturer’s Product 
Not enough samples for valid average 
Not enough samples for valid average 
2.25 

Not enough samples for valid average 
1.33 

Not enough samples for valid average 
Not enough samples for valid average 


Probably more important than obtaining an increase 
in the average weldability index of all stainless steels 
available is the decrease in the percentage of those steels 
showing a weldability of 1 or below. A welder of average 
skill has a tendency to develop the habit of welding at the 
production rate available with the slowest steel which he 
is likely to encounter. It is, therefore, more important 
that the slowest steel which he is likely to encounter 
have as fast a welding rate as possible, rather than to 
have the average raised by a few steels of exceptional 
weldability. Table 7 shows the expected weldability 
with the specifications which are suggested above. It 
is noted that the increase in the weldability index is 
significant and that the final specification suggested will 
eliminate all but a very small proportion of the samples 
with low weldability, allowing the welders to develop a 
habit of moving at a considerably more rapid rate. 

That this specification is practical is shown by a 
survey which indicated that 23% of all titanium-stabi¬ 
lized stainless steel now being melted has 0.60% or more 
silicon and 1.25% or more manganese. An investigation 
in our plant seems to indicate that putting these limits 
on silicon and manganese will not affect the forming 
properties of the sted. 


Effect of Silicon and Manganese 
The primary difficulty with those heats of stainless 


* Too few samples of this group were taken to present a valid 
correlation. 


It will be noted on examination of the data in Tables 
3 and 4 that the most important element as far as effect 
upon wddability is concerned is silicon. Manganese 
and titanium seem to have a lesser effect and the other 
elements practically no effect at all in their usual ranges. 
As a means for improving the wdding properties of sta¬ 
bilized stainless-sted sheet we have informed our sources 
of sted that we intend to specify a minimum silicon con¬ 
tent of 0.50% in the near future and possibly minimums 
of 0.60% silicon and 1.25% manganese, the composition 
of the sted to remain within the limits specified by Army- 
Navy Aeronautical Spedfication AN-QQ-S-757. 


Table 7—Probable Improvement of Weldability Index with 
Suggested Specification Changec. Type 321 (18-^-Titaxu\mi) 
St^ilised Stainless Steel. Oxyacetylene Welding, Solar 
160K Hux 

(All Type 321 to conform to AN-QQ-S-757, Army-Navy Aero¬ 
nautic^ Specification, in addition to requirements of this table.) 

% of Heats 
Meeting Speci¬ 
fication Which 

Suggested Average % of Samples Have Welda- 

Specification Weldability Meeting bility Indexes of 

Specification 1 or 0 
100 44 

51 18 

32 10 

23 5 


Minimums 

Index 

As now fiirnished 

1.63 

0.50% Si 

2.35 

0.60% Si 

2.3 

0.60% Si \ 

1 OROT-Xifn f 

2.3 
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steel which show poor weldability is the evolution of gas 
on the cooling side of the weld puddle. This gas seems 
to be evolved either at the moment of solidification or 
immediately preceding it. The amount of gas evolved 
and the ease with wMch it is eliminated from the steel 
seem to be the controlling factors in limiting the speed 
at which the material may be welded in production. It 
is assumed for the purpose of this paper that any gas 
porosity represents an unacceptable defect and that the 
finished wdd must be free of wormholes and pinholes. 
The weldability index number is based upon the limiting 
speed at which this material may be wdded with opti¬ 
mum torch adjustment without obtaining any gas poros¬ 
ity, by certified aircraft welders with approximately 
three years’ experience of welding stainless steel. 

The ease with which the gas is evolved depends upon 
the nature of the slag on top of the puddle. In the case 
of some samples which formed a very heavy slag the ghs 
was evolved relatively easily and with other samples 
which had a very thin slag the gas got through only with 
difficulty. It is believed that possibly part of the bene¬ 
ficial effect of manganese is an alteration in the form of 
the slag to enable ^e gas to be more readily eliminated. 

No attempt has been made by the author of this paper 
to analyze the minute quantity of gases which the solidi¬ 
fying metal gives off. It is thought that their behavior 
may be due partially to the solubUity of hydrogen in the 
liquid metal, hydrogen in its most active form being avail¬ 
able in the inner portions of the oxyacetylene flame and 
also in the atomic hydrogen welding arc. However, it is 
assumed that the major source of this gas is the evolution 
of carbon monoxide from the reaction of metallic oxides 
with carbides in the metal. Metallic oxides are formed in 
the welding operation from oxidation ahead of the torch 
or may be introduced from sloppily made tack welds or 
from the oxidizing zones of the flame. Excessive gas 
trouble may be encountered if the hot filler rod is taken 
out of the protective flame and allowed to be oxidized by 
the air and then applied to the weld. It is assumed that 
the extreme effectiveness of silicon in decreasing the 
amount of gas trouble encountered may be due to its 
action as a de-oxidizer and slagging element and pre¬ 
venting these oxides from reacting with carbon to form 
carbon monoxide. A recent article by Morton C. Smith 
of the Department of Metallurgy of Montana School of 
Mines, “Gas Evolution in Arc Welding Steels and Its 
Effects Upon the Welding Process,” in The Welding 
Journal, 24 (4), Research Suppl., 226-s (April 1945), 
clearly describes the reactions which produce carbon 
monoxide in welding operations. 

A small number of samples of both Type 321 and 
Type 347 stainless steel were welded using the atomic 
hydrogen welding process. The number of samples was 
too small for presentation of the same type of correla¬ 
tions shown for oxyacetylene welding. However, they 
clearly indicate that a minimum of 0.50% silicon is 
necessary for satisfactory welding properties. 

Another group of samples was test^ for the effect of 
composition on helium and argon shielded arc welding. 


Tabl« 8—Probahltt Improvement of Weldability Index with 
Suggested Specification Changes. Type 347 (18-8-Colum- 
bium) Stabilised Stainless Steel, ^^aoetylene Welding, 
Solar 160H Flux 


(All Type 347 to conform to AN-QQ-S-767, Army-Navy Aero¬ 
nautical Specification, in addition to requirements of this table.) 


Suggested 
Specificatioc 
Minimums 
As now furnished 
0.50% Si 
0.60% Si 
0.60% Si \ 
1.26% Mnf 


% of Heats 
Meeting Speci¬ 
fication '^iiich 
Average % erf Samples Have Welda- 
Weldability Meeting biHty Indexes of 


Index Specification 1 or 0 
1.86 100 35 

2.43 36 * 

* • • 

• • * 


* Not enough samples for valid average. 


Very little or no correlation was foimd between welding 
properties and variations in the chemical content within 
the specification limits. There was one exception: 
Where burned tack welds existed, it was foimd that they 
could be picked up much more easily on the samples 
containing 0.50% silicon or more. 

Quite natur^y, some welders who have experience 
with welding only one of the two types of stabilized 
stainless steel are strongly prejudiced in favor of the 
type they are accustomed to using. A contributing 
factor may be that slight differences in flame adjustment 
produce unlike results in making welds on the two types 
of material. For instance, the use of a little too much 
excess acetylene (a common production welder’s practice 
requiring careful instruction and frequent checkup by 
supervision) will resiilt in the loss of some of the stabiliz¬ 
ing effect due to carbon picked up from the excess 
acetylene. 

In welding columbium-stabilized material, this excess 
acetylene does slightly decrease the amount of gas 
evolved and, therefore, it is a very natural error on the 
part of the welder. However, in welding titanium- 
stabilized material the same slight excess of acetylene 
causes an increase in the amount of gas encountered. 
Titanium stainless may be welded without too mucli 
difficulty using a very slight excess of oxygen although 
this is not goed practice as it may result in loss of some 
of the titanium; however, it will be almost impossible 
to make a good weld on columbium stainless using the 
same slight excess of oxygen. 

Both materials may ^ welded without carbon pickup 
and without loss of the stabilizing element using an 
exactly neutral flame or one carrying such a slight excess 
of acetylene that the “feather” or intermediate flame 
cone is between in. and Vn long. If the silicon 
and manganese content are as suggest^ in this paper, 
there is very little to choose between the two types of 
steel with respect to welding properties. 
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Resistance Welding for Economy 

and Quality 

By Lester A. McIntosh* 


T he problem here discussed arose through the 
necessity of reducing cost and increasing the 
strength of the front axle support for Ford- 
Ferguson farm tractors. 

At the left in Fig, 1 is a photograph of a malleable 
iron casting with an assembled arc-welded steel stamp¬ 
ing. This assembly was formerly used as the front axle 
support and radiator support of ^e Ford-Ferguson farm 
tractor. With the ever present demand for increased 
strength and rigidity, coupled with the effort to reduce 
production costs, several designs of arc-welded and 
riveted assemblies were submitted for engineering tests 
for comparison with the cast malleable iron and arc- 
welded assembly shown. 

After several months of development and testing, only 
one of the many submitted designs compared favorably 
with the- original casting on economy and quality. This 
new design shown in Fig. 2 proved to be a riveted 
assembly of the rear portion of the support which was 
made from thick steel and the front portion of the 
support made from ’/le-in. thick steel requiring eight 
^/j-in. diameter steel rivets. The front and also the 
rear portions of this support were each in turn reinforced 
with a Vi-in. steel plate at the axle pivot pin to give a 
greater area of bearing at this vital point. These two 
reinforcements each required three V 2 'in. diameter 
rivets thus making a totd of 14 rivets in the completed 
assembly. 

Results of actual breakdown tests on this riveted de¬ 
sign showed a possible weakness in the ^A-in. rear stamp¬ 
ing. The upper, open end of this stamping deformed 
under severe overload and allowed the bolting flange to 

* McIntosh Stamping Corp., Detroit. Mich. 



Fig. 1—Malleable Iron Casting at Left and Steel Stamping 
Assembly Resistance Welded 



Fig. 2—^Riveted Steel Stamping Requiring 14 Rivets 


deflect from its original plane surface. In designing this 
stamping, the large opening was incorporated to give 
maximum fan belt clearance to crank shaft fan pulley 
which is completely protected and covered by the lower 
end of the stamping. The tests also revealed that the 
two ears turned outward from the surface for riveting 
to the Vi#-in. thick stamping (compare with Fig. 3) were 
not stiff enough to withstand the dynamic loads en¬ 
countered as the axle turned about the center pivot point 
from the limiting flange on one side of the thick 

stamping to the limiting flange on the other side. In 
redesigning the stamping made from steel, a Vs- 

in. high flange was added across the open end and the 
two ears were eliminated and the respective rivets 
located as high up in the comer under each axle limiting 
flange as possible, while an additional two rivets were 
added in the lower flanges of the large stampings. The 
total rivets then required increased to sixteen. 

In estimating the tooling cost to produce this ap¬ 
proved stamping assembly, it was found that no fewer 
than four piercing operations were practical to perforate 
the four stampings which required 32 holes for the 16 
rivets and none of these four operations could be in¬ 
corporated in other operations required for the normal 
production of the four stampings up to the stage of prepa¬ 
ration for riveting. The cost of these tools plus the 
production labor required for the four operations gave 
rise to the question of the advisability of an assembly 
by resistance welding. 

Following this line of thought of resistance welding, a 
new tooling cost estimate was made. By coining three 
V 2 -in. diameter projections on each of the two Vt-in. 
steel reinforcing plates in the same die that strikes these 
plates flat and rounds the edges to provide proper nesting 
into the recess in each of the large stampings, and coining 
four projections on the surface of the rear support in the 
same die that restrikes this part for controlling dimen¬ 
sions, no additional dies or stamping operations are re- 
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qilired, provided the six remaining points of fusion are 
Reeled by sjwt welding, namely, the two on either side 
and the two on the bottom of the large stampings. This 
method of procedure eliminates the necessity of any 
preparation for assembly performed on the large Vw-in. 
thick stamping and consequently, a lesser amount of 
handling in the stamping operations producing this part. 

The success of any product similar to the one discussed 
in this paper is partially dependent upon uniform and 
accurate assembly work. This is somewhat effected by 
designing the dies which are to produce the respective 
stampings such that the finished parts will nest together 
very closely. But in addition to this requirement the 
welding dies must gage the parts, before welding actually 
takes place, simply and precisely in the proper location. 
In the pr^minary engineering sketches mutually ex¬ 
changed between the McIntosh Stamping Corp. and the 
Swift Electric Welder Co., a novel and simple solution 
to this problem was evolved. Bv coining the two pro¬ 
jections on the lower end of the V 4 -in. rear stamping and 
then setting it up in the projection welding die at an angle 
of 45° and dropping the front stamping down 

over the former and supporting the overhanging, pro¬ 
truding arms of this stamping for balance only it was 
visualized that uniform and accurate assemblies would 
be produced over a long period of production. The 



Fig. 3—Exploded View ol the Resirtance Welded Aasembly is 
Fig. 1 


striking principle here being that one surface having four 
projections is welded simultaneously and in conjunction 
with another surface of the same stamping which is at a 
right angle to the first and contains two projections. 
It should also be realized that this solution eliminates 
two of the six separate spot welds. 

The inherent nesting qualities of the design of the 
Vi-in. reinforcements and the two large stampings, 
which were mentioned previously in conjimction with the 
coining of the projections in the Vi-in. steel plate, were 
incorporated for gaging purposes irrespective of the 
method of assembly. 

Figure 3 shows an exploded view of the four stampings 
of the final design in their respective positions before 
assembly (reinforcements are actually reversed). The 
natural nesting qualities of these four stampings should 
be here noted as well as the fact that one stamping is 
entirely free from projections or locating lugs of any 
nature. 

Figure 4 (a) shows a dimensional design of projections 
used on the V»-in. steel reinforcing plates. There can be 
noted a circular depression or portion of a torus, sur- 
roimding the projection itself and coined into the surface 
of the stamping. Such a depression was recommended 
by the Swift Electric Welder Co. to consume part of the 



Fig. 4 (o)—Sph«iical Radios oi Projaction ■■ 2.72 Radius oi 
D^r o s si o n with 120 jDagraes Constant and Indspandant cd 
Projact on uiamalar and Haight 



Fig. 4 (b )—Shadad Araa Undar Cunra Indicatas tha Portirai (d 
Each cd 90 Cycles During Which Welding Currant Flows ior 
3 oi tha Ahova Projactions 


volume of the projection thus allowing the two mating 
stampings to come tightly together without flash be¬ 
tween them and also to reduce the cross-sectional area 
of the projection at its circumference to give a more uni¬ 
form heating over the entire projection during welding. 
The design of this projection was made such that the 
volume of the part of a torus below equals approxi¬ 
mately 70% of spherical portion above the surface of the 
stamping. 



Fig. 5 (a)—Spherical Radius of Projection 3.16 Radius of 
Depression vdth 90 Degrees Constant and Independent of 
Projection Diameter and Height 



Fig. 5 (h)—Shaded Area Under Curve Indicates Portion of 
Each of M Cycles During Which Welding Current, Broken 
Curve, Flows for 6 of the Above Projections 



Ilg. 5 (c)—Two ^/( Diameter Projections Are Welded Simul¬ 
taneously in */i( and */« Inch Steel by Welding Current During 
Each cu 90 Such Cycles Drawing 1000 Amps. @ 480 Volte 
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For a spherical projection, as in Fig. 4 (a), having 
normals at the surface of the stamping forming an in¬ 
cluded angle of 120° the following formula gives the 
radius A of the sphere in terms of the radius a of the 
torus: 

A = 2.72a (1) 

For a spherical projection requiring a lesser height in 
proportion to its (hameter such as the projection shown 
in Fig. 5 (a) and its normals forming an included angle 
of 90°, the formula 1 becomes: 

A = 3.16a (2) 

Proof for formula 2 follows. 


Solution 

Let volume of spherical portion of projection ■■ V which is 
made up of circular disks of radius X and thickness dy then: 



vol. of each disk i 

and 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 

V - 0.0773x44* 


Using new coordinate axes Xi.yi. 

f Let volume of torus portion = v which is made up of 
circular rings of outside radius (6 + , and inside radius 

{b — X) and thickness dy then: 

vol. of each ring « ■■((ft 4- Xi)* — (ft — Xi)*] dy 

and 


(7) K - X 1(6 + *i)* - (6 - *i)*l dy 

(8) V = “ Va* - y* 


(9) 

(10) V — 4xftQ y y/a' — y** + arc sin ^ + cj 

(11) V - - (j^ + 1 I) 

(12) V =- 0.57a»frx 

Volume of portion of torus ■■ 0.7 volume oi portion of sphere 
.-.(13) 0.57o»ftT - 0.7 X 0.077X.4*; ft - 

V2 

(14) 0 * -H a*A — O.ISZA* — 0 by plotting ^ 

as abscissa against the remainder as ordinate it is found that 
A • 3.16a when the remainder is zero, which by substitution 
checks to nearly 

Care must also be used in designing the stampings 
themselves such that the surfaces whtdh are to be pro¬ 
jection welded or spot welded are of a smooth and regular 
contour. This enables dimensioning the forming dies 
for the stampings and the welding electrodes with the 
same specific dimensions, thus a good contact over a 
large area can easily be maintained. Where there is 
necessarily an abrupt change in contour in the neighbor¬ 
hood of a projection, the welding electrode should follow 
this contour far enough to supply heat during welding 
uniformly across the projection. This latter condition 
is illustrated in Fig. 6. 

For all of the four welding operations performed to 
complete the assembly of the tractor "front axle and 
radiator support” one 1000 Kva. welder was recom¬ 
mended and used. By the use of two sets of gages the 
reinforcements are first welded in place in the^arge 



Fig. 6—Projection Welding Electrode! Should Follow Contour 
of Stampings for a Distance Equalling About Five Diametera^of 
Projection 
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SAE 1010 



SAE 1035 

Nital. Shows Entire Weld. X 4 
SAE 1010 



SAE 1035 

Opposite Side. Nital. Shows •/» Weld. -X 8 

Iig. 7 (a)—Above, >/< Inch Steel Projection Welded to ^/i Inch 
Steel and Bdow a Second Weld in the Same Farts 

stampings thus requiring one set of welding electrodes 
and one set up in the machine for both parts. Figure 
4 (b) shows the percentage of each cycle that welding 
current flows. Thirty such cycles followed by five “off” 
cycles repeated twice making a total of three pulsations 
of thirty cycles each completes the weld of three pro- 
projections, similar to Fig. 4 (a), joining half-inch and 
quarter-inch steel stampings. In Fig. 7 (a and b), al¬ 
though parts are open 0.010-0.015 note absence of ^sh. 
Inasmuch as only one machine is used for the complete 
assembly these subassemblies are neatly stacked by the 
operator's helper in such a manner that they are easily 
handled back to the welding machine by the use of a roll 
conveyor and gravity for the succeeding operation. 

The third operation of welding the large stampings 
using six projections as previously outlined is next ^- 
fected by removing the welding dies used for the sub- 
assemblies and inserting the electrodes required for this 
operation. These two sets of dies being located on the 
same side of the machine and a pair of permanently 
located equalizing spot-welding electrodes on the back or 
opposite side of the welder controlled by separate initia¬ 
ting switches and a relay having one normally open con¬ 


tact and one normally closed contact which is energized 
by one of the two pairs of initiative switches allows the 
tl^d and fourth operations to be run alternately without 
any further change in machine setup or controls. After 
the third operation the assembly is placed upon a semi¬ 
circular conveyor to conduct the assembly aroimd the 
end of the welder where a second operator performs the 
fourth operation, namely, four spots—two hits. 

Figure 5 (5) shows the percentage of each cycle that 
welding current flows for the third operation and Fig. 5 
(c) similarly indicates current flow for the fourth opera¬ 
tion. Both operations being accomplished in three pul¬ 
sations of 30 cycles on and 5 cycles off. Each complete 
operation is controlled by a MEMA Type 4A electronic 
sequence timer as follows: 30 cycles squeeze; 30 cycles 
heat; 5 cycles cool; 30 cycles heat; 5 cycles cool; 30 
cycles heat; 60 cycles hold time. During the third 
pulsation a solenoid valve for high pressure is energized 
by an electronic time delay relay set for 100 cycles start¬ 
ing at the beginning of the squeeze time and an additional 
forging pressure is thus delivered at the weld. 

Diuing each cycle of “heat time” metered out by the 
sequence timer, a “peaker” transformer controll^ by 
the resistance of a variable potentiometer and the lag 
due to inductance of the primary of another transformer 
allows the grids of the thjratron tubes in the phase s^t 
heat control which fire the large D size ignitron tubes to 
become positive, thus determining the exact point in 
each cycle where welding current starts to flow. The 
relay energized by one pair of initiating switches at the 
welder opens the circuit to one potentiometer and closes 
that to another thus allowing welding current to flow 
for a different percentage of each half cycle required for 
welding at the back of the welder than at the front and 
hence different amounts of heat. 

Upon completion of the four spot welds, which is the 
final assembly operation, one out of every ten assemblies 
is inspected visually for welds and is then placed in a 
checking fixture which checks all bolt holes and mounting 
surfaces of the Vwin* front stamping relative to the 
V 4 -in. rear stamping. 

The industrial electronic equipment used in connection 
with this project was required in order to reduce skilled 
supervision and maintenance costs to a minimum. How¬ 
ever, electronic controls alone are not sufficient to insure 
uniformity. A constant source of electric power with a 



Fig. 7 (i))—At Center of a Projection Weld in V« end Vi Inch 
Steel X 150 
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voltage fluctuation of less than 10% is recommended for 
satisfactory results. By erecting a cage, within 3 ft, of 
an end of the welder, to house this electronic equipment, 
all controls are thus located as close to the macUne as 
possible. Approximately 60 ft. of “Bull Dog LoX” (low 
reactance) bus conveys the power from the air-circuit 
breaker which is mounted in a small switch house outside 
the manufacturing building proper. Adjacent to the 
circuit breaker is the Detroit Edison meter which is in 
turn less than 15 ft. from a 1000-kva. transformer sub¬ 
station. The power arrives here by way of an under¬ 
ground cable at 24,000 v. potential and is stepped down 
to 480 V., see Fig. 8. 

The following copy of results of a welder test, very 
graciously perform^ by the Detroit Edison Co., shows 
the approximate current and voltage drop for the third 
and fourth welding operations pertaining to the “front 
axle and radiator support”: 

Date of Test: March 8, 1945 

Wetder Tested: 1000-Kva. Projection Welder, Manufactured by 
the Swift Electric Co. Serial No. 982, Type 77, 
440 V., 60 Cycles 

The welder has two SOO-kra. transformers, one on each end d 
the machine. Two transformers operate in parallel. There are 
six taps on the transformers as follows; 

Full Wave Primary Current 
Tap No. V<^tage Ratio (Manufacturer’s ^timate) 

1 440/8.47 2260 amp. 

2 440/9.36 . 

3 440/10.47 . 

4 440/11.28 . 

5 440/12.22 . 

6 440/13.33 3575 amp. 

All stock welded was SAB 1010 steel. This was a double ma¬ 
chine, arranged with dual controls in such a way that one opera¬ 
tion could be performed on one side of the machine and another 
operation at the other, lliese operations had to be performed 
one at a time and could not be simultaneous. 

The heaviest weld made was a projection weld on one */ifin. 
thick and one ^A-in. thick stock with 6 projections. The projec¬ 
tions were spaced 2 to 3 in. apart, were about Vt in. in dimeter, 
and projected about Vi« iu- above the surface of the stock. There 
was a current of about 1600 amp. pulling the voltage down at the 
service from a "no-load” reading of 488 v. to 472 v. during the 
weld. The welder was connect^ to Tap 1 and the phase shift 
adjtuted for 65% heat. 

The weld performed on the other side of the machine was a 
double-spot weld with two ^/rin. electrodes spaced on about 



tig. 8—1000 Kva. Txansfoniiar Substation with Manually 
Operated Pole Switch, 24,000 to 480 Volts 

2^/s-tn. centers, spot welding the same */ii- and ^A-in. stock to¬ 
gether. The welder was connected on the same tap as before but 
the phase shift was adjusted for 45% beat. The primary current 
was about 1000 amp., pulling the voltage down from 490 v. to 
about 480 v. during the weld. Both of these welds were pulsations 
welds with about 27 cycles "on,” 4 cycles "off,” 27 "on,” 4 "off” 
and 27 "on,” for a total weld time of about 81 cydes. 

The voltage drop though about 60 ft. of 1600-amp. Bull Dog 
"low-X” bus was about 2 to 2^/4 v. (480-v. base) per thousand 
amperes. 

Test was made with "stop” ammeter, "stop” voltmeter, and 
cycle counter by Harold Lueck of General Test Division. 

During the production of the first 15,000 resistance 
welded assemblies recently completed, not one assembly 
was scrapped by the manufacturer nor was one rejected 
by the customer due to poor welds, however, before the 
resistance welding tools were completed and ready for 
production, there were 5000 assemblies made by hand 
arc welding the parts while they were clamped in as¬ 
sembly fixtures. This method of assembly resulted in a 
scrap loss of about 4% due to welds missing and warpage 
after removal from fixtures. 

In conclusion, the following breakdown shows the rela¬ 
tive economy of three different methods of assembly: 

Arc welding requires. 34 man-hours per C 

Riveting requires. 5 man-hours per C (estimated) 

Resistance welding requires 2 man-hours per C 


Physical Properties of Sprayed Metals* 

By A. P. Shepaidt 

Specific Gravity 

O NE of the most important properties of sprayed 
metal is its porosity, which permits the reten¬ 
tion of oil to a considerable extent. Sprayed 
metal bearing siufaces are consequently self lubricating 
to a large degree. Retention of oil at the pressure point 
of bearings, even when the surface is flushed with oil, 
materially reduces friction and wear. In addition to its 
function in aiding lubrication and reducing friction, the 
porosity provides disposal points for s mall abrasive 
particles resulting from initial wear. 

• Bd. Notbi “This report on the specific grnvity ot mmyed metml is the 
first of e series. Other reports on physical properties will be published as they 
become available.'' Reprinted irom Metco News. 

t Manager. Metallising Engineering Co., Inc., Long Island City 1. N, Y. 
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Fig 2 


It will be seen, therefore, that the advantages of por¬ 
ous structure are considerable whenever baring sur¬ 
faces, reciprocating or rotating, are involved. 

It was determined that the specific gravity of sprayed 
metal, as compared with the original wire, would a 
reasonably accurate measure of porosity. This assump¬ 
tion ignores differences in weight between the metal and 
the oxides which are present in sprayed metal. • How¬ 
ever, the difference in weight is slight, and the per cent of 
oxide is so low that the assumption is considered valid 
for purposes of determining porosity in bearing applica¬ 
tions. 



Fig. 3 


Microscopic examinations of specific samples spraye 
tmder controlled conditions clearly show the porous strut 
ture. Shown in Fig. 2 are two photomicrographs c 
Sprairon A at 60 X. This metal was sprayed on 
cylindrical surface. The picture on the Icit illustrate 
a section perpendicular to the axis, and the picture on tfa 
right a section parallel to the axis. Figure 3 shows 
cross section of a sprayed coating of Sfu^bronze C at 
magnification of SW X. 

A standard procedure was set up for determining tli 
specific gravity of sprayed metal coatings as follows: 

Cylindrical specimens were made from cold-finisbe 
carl^n steel in accordance with Fig. 1. No attempt ws 
made to machine these accurately, since it was consk 
ered that the maximum reasonable accuracy would I 
insufficient for the final determination. 

Machined approximately, each individual specunc 
was measured very accuratdy, numbered and its mea 
urements recorded on a chart. After spraying, eac 
specimen was ground to diameter Z>, and the accural 
measurement recorded. Volume of the base metal as 
volume of the sprayed metal were then accurately ca 
culated for each specimen, after which each spednH 
was accurately weighed, and the specific gravity ca 
culated. 

The results, tabulated in Table 1, give the spedl 
gravity of the sprayed metal, and al^ the per cent < 
specific gravity to the original wire used for sprayii 
each specimen. 


Table 1—Spadfio Gravity of Sprayed Matal 


Sprayed Metal 
Metco Altuninum 
Sprababbitt A 
Sprababbitt B 
Sprabrass Y 
Sprabronze A 
Sprabronze C 
Sprabronze M 
Sprabronze P 
Sprabronze T 
Metco Copper 
Sprairon A 
Metco Monel 
Metco Nickd 
Metcoloy #1 
Metcoloy #2 
Sprastecl 10 
Sprasteel 25 
Sprasteel 40 
Sprasteel 80 
Sprasteel 120 
Metco Tin 
Metco Zinc 


Specific Gravity 
2.408 

6.671 
6.653 
7.442 
6.927 
7.574 
7.263 
7.676 
7.461 
7.535 
6.719 

7.671 
7.551 
6.934 
6.742 
6.673 
6.782 
6.943 
6.356 
6.746 
6.426 
6.363 


% of Original Wire 

94.1 

86.6 
86.4 

88.3 
88.8 

86.6 
86.9 

86.4 

89.2 

84.4 

88.4 

86.5 

85.8 

88.9 

88.7 

86.7 

88.1 

90.2 

82.5 

87.6 

88.1 
89.0 
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Welding on the Farm* 

By A. H. HoUenbdrgt 


r HE increased use of farm machinery on the farms 
of the country has called for a complementary 
development of welding facilities and ?ddlls. 
Ten on the first pieces of farm equipment, which were 
ade largely of wood, some metal was us^. On any 
im machinery which has metal as part of its makeup 
DC will be certain wear or breakage. These conditions 
Bst be remedied either by replacement of the part or 
j welding the broken pieces. 

There are at least two types of welding appropriate 
r fann use—oxyacetylene welding and arc vrelding. 
j the early days of farm machinery most of the welding 
' parts was done in a fot^e, which may be classed as a 
Bt of blacksmithing. Although many farms had forges 
I dieir repair shops most of the welding that the farmer 
id done was performed by the black^ith. This was 
R case because the farmer did not possess the skill 
assary to do an efficient job of forge welding. One of 
le most common welding jobs accomplished on farm 
Khiaery in those days was that of wel^ng a new point 
I a (dowshare. 

The oxyacetylene torch followed the forge type of 
dding on the farm but did not entirely replace it. 
lyacetylene welding was more satisfactory b^ause of 
* ease of doing the job. The process, however, pre- 
Dted about as man y difficulties to the fanner as did 
1 ^ welding. For this reason the farmer relied on a 
&d mechanic to do most of his welding jobs for him. 
■tie oxyacetylene torches have been purchased for use 
I farms. The oxyacetylene torch has an added ad> 
■tafe in that it can be used to cut both iron and steel, 
lanv farm machinery parts can be heated and straight- 
Rd, without removing from the machine, by the use of 
I oxyacetylene torch. 

The arc welder has come into the picture in recent years 
ido its share of welding on the farm. Again, it has not 
ifeely replaced forge or oxyacetylene welding. Many 
RDers have purchased arc wdders and more will 
nbatdy find a place on farms. The reason for this is 
R trend toward more mechanism on the farm and also 
R trend toward larger farm units. Arc welding also 
quires a rather high degree of skill before an accept- 
job of welding on the farm can be assured. 

Welding that is done on farm machinery or other 
piipaient on the farm must be just as strong as welding 
I industrially made equipment. Some have the idea 
Rt because it is a piece of farm machinery a poor or 
■diocre job of weldhig will serve as well as a good one. 
• bas be^ noted in the past where an inferior weld has 
sen made on a piece of farm machinery that the weld 
fll not only break but also will cause other costly break- 
twns on the machine. 

Most of the farm machinery used today is mobile, 
bis equipment will naturally have a tendency to break 
often due to the vibration and resulting strain 
*“sed by moving it from place to place. This means 

(or the Tweaty-Sutb Aanual Mectinr, A.W.S., October 1045. 

' ie Agricuitunil Educetion (Farm Mecoaaics). 


more welding will need to be done on farm equipment 
in the future and stronger welds will have to be made. 

Welding on the farm may be divided into two phases, 
that of repairing broken or worn parts of machinery and 
that of constructing new farm equipment. 

The farmer of today is ever confronted with repair 
work on farm machinery. By and large he is not suffi¬ 
ciently trained to do this job. As a result if he attempts 
to accomplish this task an inferior job usually results. 
During the past few years many farmers of the country 
have had an opportunity to become more or less efficient 
at welding through adidt training courses sponsored by 
the departments of vocational agriculture in high schools. 
Since October 1940 approximately 6000 vocational agri¬ 
culture farm shops have been expanded and further 
equipped to make more readily available this training 
service. In this same period approximately 67,548 
courses in farm machinery repairing have been made 
available to farmers. Approximately l,130,95rfarmers 
have been enrolled in these special courses. Welding 
has been onq of the most important aspects of this 
special training program. The farmer must rely on a 
man who is experienced in welding as a part of his trade 
or the farmer must receive adequate training in welding 
technique if he is to keep his farm machinery in working 
condition. It is quite likely that a good share of the farm 
welding will be done by sl^ed mechanics because of the 
fact that the farmer does not have the time to become a 
skilled mechanic with all the other duties of farming 
which he must perform. On the other hand, recent 
experience has shown that many farmers can and do 
learn many of the skills necessary to do a high-quality 
welding job. 

In the repair of farm machinery an operator is con¬ 
fronted with almost every type of welding. Many parts 
of this farm equipment are made of cast iron. Welding 
or brazing is necessary to repair cast-iron parts. Other 
parts of this farm machinery may be steel of a type 
which naturally requires a special type of rod and a 
different treatment while it is being welded. 

Most farm machinery is in gene^ made of mild steel. 
This is the easiest type of metal to weld but it still re¬ 
quires skill in doing the job. Many parts of farm ma¬ 
chinery, such as plowshares, shins of mold boards and 
cultivator points, require hard surfacing which not 
only requires a different welding technique but is also 
more difficult. 

Some of the most common parts of farm machinery 
that can be repaired by welding are: broken castings, 
broken rods, worn cutter bar shoes on a mowing machine 
cutter bar, knife heads, plowshares, moldlx>ards on 
plows, broken beams, broken hitches, worn journals, 
lugs on tractors and'broken shafts. 

Usually the best means of welding broken parts on 
farm ma^nery is to remove the parts to a place where 
they may be aligned before the weld is made. Then, 
too, the parts may be properly prepared for welding. 
In some instances where the removing of many parts or 
where the task of removing them is a difficult one, the 
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weld can be made satisfactorily while the damaged part 
is on the machine. 

Where a lathe is available worn boxings and worn 
shafts may be built up by welding and then machined to 
the correct size. Du^g the war emergency many ma¬ 
chines have been repaired by using this method. 

A farmer almost constantly is confronted with the 
problem of broken machinery parts. Even though a 
piece of farm equipment is new there is a possibility of 
breakage because of an accident or by extra strain placed 
upon some part of it. Since work on the farm is sea¬ 
sonal, many operations must be performed in a limited 
time. This means that when a piece of farm machinery 
breaks the fanner must have it repaired as quickly as 
possible. Welding is often the most efficient and fast¬ 
est method of accomplishing this task. Time will also 
be saved if the farmer has welding apparatus on the 
farm and if he is skilled in its use. 

Some farms are large enough to justify the employ¬ 
ment of a skilled mechanic to do this wdding on farm 
equipment. There is also the possibility of small farm¬ 
ers pooling their repair problems and making use of a 
skilled mechanic for seve^ farms. In both instances a 
mobile welding shop may be in order. The things needed 
for successful work in the field are the same as those 
needed for indoor shops. They are: light, power, tools 
large enough to do the required job, some shelter and 
enough heat to permit working in cold weather. A one- 
ton, two-wheeled trailer will make a practical conveyor 
for this mobile unit. An adequate arc-welding machine, 
gasoline motor driven, of 200- or 300-amp. capacity, 
should be on hand. A trailer equipped with a 300-amp. 
generator with a.-c. slip rings, giving 3-kw., 110 volts, 
60-cycle, single-phase auxiliary power for an electric drill 
or grinder is good equipment. If oxyacetylene welding 
equipment is also needed a more elaborate mobile 
wel<ing shop is necessary. The smallest complete shop 
should have a built-in forge or oxyacetylene welding 
equipment, a large anvil stand, a sledge hammer, hand 
hammers and tongs. Additional pieces of equipment 
needed are: high-carbon steel work plates, general- 
purpose supporting jacks, two large vises, a removable 
two-speed electric drill in a post stand, and an electric 
tool and work grinder. A 3000-watt, air-cooled gasoline 
engine driven dectric generator is needed for power and 
lights.^ 

It cannot be stressed too much that a high-quality job 
of welding be done in repair work on farm mac^ery and 
farm implements. One breakdown during a critical 
harvest season may cause a fanner to lose heavily of his 
crop. In addition during the break his men are idle and 
loss of wages occurs. Although welding requires a skilled 
technique this does not mean that a farmer cannot 
master it. It does mean, however, the individual who 
is to do welding on the farm must have sufficient train¬ 
ing and practice before he assumes full responsibility for 
making welds on critical and important parts. 

Many fanners are of the opinion that all that is neces¬ 
sary, in order to insure good welding being done on their 
farms, is to purchase a welding machine. The result, in 
many cases, is a type of job referred to by some as "gob 
and dob" welding. This, of course, is a plastered type of 
job that holds no better than it looks. A weld properly 
made is equally as strong as the original piece. 

Many a new piece of farm machinery must be made 
over before it fits the particular need of some farm. 


1 BstAbltthinf ftnd opcntiof a Metal Working Shop. U. 5. Dept, of Com* 
merce. 


In this country there are a good many areas w 
special types of crops are raised which require tools 
equipment that are different from those used in c 
sections. In making such farm machinery over int 
aUe equi|Mnent wel^g is indispensable. 

Many farmers today are planning and making o 
of their farm machines. In this type of work wd 
^uipment of some kind is necessary. Most of the i 
ing done on equipment construct^ by the farmer 
be on mild steel plate, castings or cast iron. Here i 
the welding must be of the best. Not only will the fa 
need to know how to weld but he must be able ti 
out the work and prepare the job for welding, know 
large a weld to make and what type and size of rod t< 
A farmer may have an idea of how he wants to cons 
or repair a piece of farm equipment, but if any part i 
properly welded he may have trouble with it. 

Many labor-saving devices and pieces of farm ei 
ment have been made by farmers in the past few y 
This is due partly to the fact that farmers have 
receiving more training in welding and partly to the 
that new farm tnnrhin pry has been hard to se 
Even when new farm machinery becomes avai 
there will be some farm equipment made by fan 
which will entail welding. 

Some of the labor-saving equipment that has 
made on the farm includes: trailers, buckrakes, ma 
loaders, sleds, wagons, bean cutters, land floats anc 
like. None of these can be successfully made withou 
use of welding equipment. 

There are countless odd metal jobs on the farm v 
require welding; stanchions in the dairy bam, par 
pumps, worn parts on pump jacks, broken hinges 
locks and irrigation pipe are some examples. 

Before the farmer purchases any type of we 
equipment he should ask himself several questions, 
the expenditure of the amount of money necessai 
purchase the welding outfit be justifiable? In < 
words, will it pay interest on the investment wind 
farmer makes? Am I skilled enough in the use 
device to do an acceptable job of welding or can I be 
skilled enough in it through training and pra< 
Have I enough farm machinery on my farm to wa 
the purchase of such equipment? Which land of we 
equipment shall I buy if I can justify it? Will a for 
the type of equipment that will accomplish my pur 
Will I have enough shaping and bending of iron, a* 
as welding, for me to purchase an oxyacetylene t 
Will an arc-welding machine do the job that is r 
sary or be enough faster to justify its purchase ? < 
obtain the type of coal need^ for doing a welding j 
a forge? Do I have enough welding work to perm 
to buy or rent oxygen and acetylene tanks ? Do I 
the proper type of electricity available on my fai 
operate the welding machine I am considering pur 
ing? If I choose an arc-welding machine will I g 
a.-c. or a d.-c. type? These questions and perhaps c 
must be answe^ by the farmer before he pure 
welding equipment. 

In summary, farm welding includes brazing, and 
ing of cast iron, welding of tool and mild ste^ and 
su^acing of wearing parts. This job can' be ai 
plished by use of a forge, oxyacetylene torch or arc¬ 
ing machine. Welding on the farm is very impo 
to the farmer because it saves him time and a^ 
good job if done correctly. At present the farmer : 
more instruction and practice in welding if an accep 
job is to be accomplished by him. W'elding on all 
machinery must be of high grade. 
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Electric Eye Tracing in Machine 

Cutting* 

By Walter Bergerow^ 


I. Introduction 

T he success of the oscyacetylene hand cutting 
torch, shortly after its commercial introduction at 
the turn of ^e century, over mechanical methods 
of sawing and severing steels, left in its wake a strong 
demand for a mechanical means to acctuately propel the 
torch over the work piece during the operation. It was 
evidoit that greater uniformity of work, higher rates of 
puoduction and still further r^uction in scrap could be 
realized if a m a ch ine designed to control torch movement 
were to replace the meth<^ of guiding the torch manually. 

This demand was first expressed in individual plants 
through makeshift devices adapted to the specific needs 
of the job at hand. At the outbreak of the first World 
War, torch guiding machines—relatively crude proto¬ 
types of the versatile models available today, though 
based on the same general jwindples of operation—began 
to appear on the market. One of the more popular of 
these early machines known as the Radiagrapb could 
cut either straight or curved lines. The introduction of 
this machine marked a great step forward in theoxyacety- 
lene cutting field as the process was no longer limited to 
seve^g, or simple straight line cuts. The fact that the 
Radiagraph was portable served to further increase its 
popularity as most plants were not adapted to line-pro¬ 
duction methods and consequently the machine had to 
be brought to the work. Today we still find the modem, 
highly adaptable version of the Radiagraph on hand 
wherever a portable cutting machine is required. As 
plants became modernized for line production work, sta¬ 
tionary machines such as the Oxygraph and Travograph 
made possible multiple cutting, stack cutting or a com¬ 
bination of both—vastly increasing the productivity of 
the o^acetylene cutting process. 

It is interesting to note that while the design and de¬ 
velopment of tordi cutting machines and equipment kept 
pace with industrial demands for improved economy^ 
faster cuts and better quality, the methods of guiding the 
torch over the work piece remained about the same. The 
movement of the torch when it is not locked into position 
for straight line cutting is usually governed by one of 
three methods—guiding a manual tracing whed over a 
drawing, guiding a tracing spindle around a wood tem¬ 
plate or the use of a magnetic spindle to guide the tracing 
head against a steel template. 

The success of the manually guided tracing wheel is 
naturally dependent on the ability and skill of the opera¬ 
tor and is sometimes responsible for a high percentage of 
waste due to human error and operator fatigue, when 
complex cuts are encoimtered. This method is generally 
employed when a limited number of cuts are required and 
template fabrication is not justified. The other two 

• Scheduled for the Twesty-Sistta Annual MeetiuK, A.W.S., October 1945. 
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methods depend on hand-made templates constructed 
with due allowance made for such factors as spindle di¬ 
ameter and kerf width. 

As any appreciable variance from the specifications of 
the desired cut for close tolerance work results in waste, 
the tailoring operations required for template construc¬ 
tion have required skilled labor with manual dexterity 
equivalent to that of the old fashioned cabinet maker. 
Furthermore, the most accurate templates are limited to 
the ability of the tracing device to follow the template 
contour, making complex shapes cut to exact specifica¬ 
tions impossible without elaborate jigs and considerable 
machining. This disadvantage is particularly evident 
when inside and outside comers are encountered. 

Low cost template preparation cannot be stressed too 
strongly as one of the most important factors in shape 
cutting operations. It is generally conceded that until 
now the most accurate and most automatic form of trac¬ 
ing in machine cutting is accomplished with the magnetic 
tracing device. To prepare a template for the magnetic 
tracer a study of the outline of the cut must first be made 
to determine if the part can be cut in its final desired 
shape or if certain intricate sections must be obtained by 
sul^quent cutting. The next step is to determine if an 
inside or outside template is required. Having determined 
this, the dimensions of the template must be computed 
mal^g due allowance for roll diameter and kerf width. 
Provision must also be made for a lead-in slot and finish¬ 
ing finger such as is employed when cutting circles and 
piercing on the cut line is to be avoided. A drawing incor¬ 
porating these requirements is then prepared. The re¬ 
sulting outline must then be machined in plate steel to 
reasonably close tolerances. It is evident that large 
quantity production is required to offset the cost of sudh 
template preparation. A typical example of a magnetic 
template is shown in Fig. 1. 

The problem of proper template storage requires a 
sufficient allotment of valuable floor space, especially 
when a variety of shapes are cut. In addition, specif 
storage techniques and frequent inspections are neces¬ 
sary, especially when templates are fabricated from wood, 
aluminum or other soft materials. Much literature has 
been written and thought expended in attempts to sim¬ 
plify or standardize template procedure, but this opera¬ 
tion remains essentially a special job requiring exacting 
workmanship each time a new design is required. 

There are no limitations to the variety of designs 
which may be cut with electronically controlled tracing 
equipment. Electronic equipment traces from outline 
drawings or silhouettes instead of conventional tem¬ 
plates and the electronic tracing head follows the most 
complex drawings—faithfully reproducing angles and 
curves with extreme accuracy. 

This low cost method of preparing templates on paper 
opens up an entirely new fidd in macUne cutting as 
small parts and complex shapes may now be economically 
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Fig. 1—Example oi Steel Template Required for Cutting 
Machine! E^pped with the Magnetic Tracing Spindle. The 
Electronically L^troUed Tracing Device Uses Paper Oufline 
Drawings or Silhouettes in Place of Steel Templates 

shape cut for the first time on standard pantagraph ma¬ 
chines equipped with electronic tracing equipment. Il¬ 
lustrated in Fig. 2 are two sample cuts—each cut in a 
single operation from silhouettes. These designs would 
be impossible to reproduce with any other standard 
tracing device. 

n. Electronic Tracing Device 

The photoelectric cell or “electric eye” captured the 
public imagination in recent years through its marvelous 
ability to automatically open doors, turn on drinking 
fountains, etc. Today this control device has been ap¬ 
plied to a multitude of industrial problems—wherever 
fully automatic control of a process can be made more 
simple than is possible by mechanical control. There¬ 
fore, it is not surprising to find electronic control has 
been applied successfully in the welding field as a means 
of controlling weld quality in machine welding operations. 

Electronic control as applied to oxyacetylene machine 
cutting is popularly known as the “Electronic Blood¬ 
hound” tracing device—the product of extensive research 
conducted by General Electric and Air Reduction in an 
effort to adapt all phases of the oxyacetylene steel shape 
cutting operation to postwar production requirements, 
while at ^e same time assuring quality and consistency 
of cut and materially decreasing the over-all cost per cut. 
Figure 3 illustrates an oxygraph cutting machine 
equipped with this electronic tracing device. Where cut¬ 
ting machines are used for plant maintenance work jigs 
and fixtures may now be economically shape cut when 
only a few pieces are required and damaged or worn ma¬ 
chine parts duplicated with comparatively little effort. 

This electronically controlled tracing equipment con¬ 
sists of two units—the tracing head and a control box. 
Tile tracing head is a self-contained unit replacing the 
manual or magnetic device and is attached in the same 
manner to the bar on standard pantagraph type ma¬ 
chines. No modifications or alterations to the machine 
are necessary. A plan view and elevation view of this 
arrangement is illustrated in Fig. 4. The control box is 
attached to the machine base. Electronic equipment 
makes possible greater cutting accuracy without me¬ 
chanical aids or human assistance previously required— 


merely by following the outline of a drawing or silhouette 
of the desired pattern with extreme accuracy whether 
the order calls for 1 or 100 cuts. 


IIL Details of Operation 

Nearly everyone acquainted with machine cutting is 
familiar with the conventional type of manual tracing de¬ 
vice illustrated in Fig. 5. This type of tracing device 
moves the arms of the pantagraph by the tractive force 
exerted between the driving wheel and the surface of the 
table with which it makes contact. The driving wheel is 
rotated by means of shafts and gears motivate by the 
tracer motor positioned at the top of the unit. The di¬ 
rection of travel is affected by rotation of the driving 
wheel about a vertical axis. Such a tracing device is 
guided manually over a drawing or template by the oper¬ 
ator. In shape cutting, the operator is called on to steer 
or rotate the tracer an exact amount at the proper instant. 

As our primary interest in electronic control lies in its 
application to the oxyacetylene cutting process, we will 
emphasize the method by which the tracing head controls 
torch movement in this section, rather than explain in de¬ 
tail the electronics involved in the control box operation. 
The control equipment in the tracing head and control 



Fig. 2—Two Sample Cuts, Each Produced in a Single OMra- 
tion with Electzonic Tracing Equipment. Such Desi^nu Would 
Be Impossible to Reproduce with Conventional Tracing EquifK 
ment 
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Fig. 3—El*ctromc Tracing Et^pment Inatalled on an Oxygraph Cutting Machine. 
Thia Equipment May Be IiurtaUea in Place of Manual or Magnetic Tracing Device on 
Any Pantagraph Type Machine. No Alterationa Are Necenary 


offset from the center of the optical 
unit. When the optical unit is ro¬ 
tated about its center the small spot of 
light rotates on the surface of the 
template in a path having a Vn in. 
radius or •/le-in. pitch circle. It is this 
freedom of movement which permits 
the spot of light to continually seek 
to position itself half on the black 
line and half on the white line that 
gives the electronic tracing head its 
ability to follow any curve or angle. 
This is shown in Fig. 8. It is the in¬ 
tensity of this reflected light which 
controls the movement of the steering 
motor and for this reason the drawing 
or silhouette used in place of a tem¬ 
plate must be made in black against 
a white backgrotmd or another color 
combination of sufficient contrast. 
The reflected light picked up by the 


box is illustrated in Figs. 6 and 7. Primarily, this method 
of torch control is fully electric—all parts such as motors, 
switches, electronic circuit and optical system are com¬ 
pletely enclosed as a precaution against oxide, slag, dirt, 
rough handling and other conditions inherent in steel 
cutting operations. This protection assures trouble-free 
operation and the electronic tubes are designed for long 
life. 

The operation of the steering motor is controlled by 
light emitted from the base of ^e tracing head which is 
r^ected back from the drawing or silhouette and picked 
up by phototubes. This light which follows the outline 
of the drawing or silhouette is projected in the form of a 
spot from a light bulb through an optical unit containing 
lenses and a prism. This arrangement is illustrated in 
Fig. 8. The optical unit is in the form of a tube supported 
by a vertical l:^aring and is free to rotate about its vertical 
axis. The light gathered by the optical system is con¬ 
centrated so that when focused on the stirface of the 
template a light spot about '/n of an inch in diameter is 
formed. This small light spot is deflected by the prism 
in the optical unit so ^at ^e center of the light spot is 



PLAN 



Fig. 4—Plan View and Elevation View Illustrating the Relation 
of the Electronic Tracing Head to Torch on a Pantagraph Type 
Machine 




Fig. 6—Internal View of Tracing Head and Cover. The Elec- 
tr<^c Tracing Head Is Mounted on the Pantagraph Bar in Place 
of the Manuu or Magnetic Tracing Head. In the Illustration 
Above, the Phototubes, Amj^er Tube, Light Bulb, C^cal 
Unit and Steering Motor Drive May Be Smu. Also, the Direc¬ 
tion Indicator b Shown at the Top of the Tracing Head 

phototubes produces an electric signal, the strength of 
which depends on the intensity of this reflected light; 
this signal is then amplified to provide the current w£uch 
flows through the steering motor armattme and causes 
its rotation. Thus, if the light spot is directed entirely 
on the black area, much of ^s light is absorbed and a 
weak signal is produced. Conversely, if the spot is 
directed on the white background, most of the light will 
be reflected back to the photo tubes, producing a strong 
signal. 

When the tracing head is following a straight line dur- 
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Fig. 7—Contxol Box with Cover Removed. The Control Box Is 
AtUched to the Machine Base. lUuatrated Above Are the 
Thyratron and Amidiiiet Tubes and Beotronic Circuit Arrange¬ 
ment 

ing a cutting operation, the light spot remains centered, 
half on the bla^ area and half on the white backgrotmd. 
Through the electronic circuit, the steering motor is so 
adjusted that when this condition 
exists, no rotation of the steering 
motor armature takes place. This is 
illustrated in Fig. 9. If more than half 
the spot of hght should cover the black 
area, a resultant decrease in signal 
strength causes the steering motor 
armature to rotate both the optical 
system and the tracer spindle in a 
counterclockwise direction until equi> 
librium has been restored—thus again 
neutralizing the signal and causing the 
steering motor to become inoperative 
as shown in Fig. 10. In the same 
manner, if the light spot should tend 
to leave the black outline and more 
than half the spot became centered 
on the white background, the strong 
signal produced by the increased light 
intensity would cause the steering 
motor to rotate the optical system 
and tracer spindle in a clockwise 
direction until equilibrium has been 
restored as shown in Fig. 11. 

In this operation the optical unit 
is free to rotate about its center in 
the same manner in which the tracing 
device rotates. The optical unit and 
the tracing device are connected by 
means of a worm gear drive so that 
the units rotate simultaneously an 


equal amount in the same direction when driven by the 
steering motor. 

When a curved line is followed the light spot will trans¬ 
mit a constant slight or strong signal, depending on the 
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1&—C^ratlon of Stoering Motor Wlion More Half the Spot 
of Light la Directed on the Bla^ Oatline. Deoreaaed Signal Stren^ 
Canaea the Steering Motor Armature to Rotate Both the ^rtic.al Syatem 
and the Tracer Spdndle in a Counterclockvriee Direction Until Light 
Equilibrium Haa Been Reaped 


the machine carri^^. The cut pro¬ 
duced is indicated in the diagram of 
Fig. 13 {€). Again, it is pointed out 
that these diagrams have been greatly 
exaggerated for the purpose of th^ 
discu^on. 

When the operating speed is slow 
as would be the case in cutting heavy 
matoial, the true position of the 
torch does not correspond to the true 
position of the light spot, as we have 
just seen, but ^ere is not enough 
inertia to cause the driving wheel to 
skid and consequently a cleanly 
rounded comer is produced as is illus¬ 
trated in Fig. 13 (A). 

The second factor, the h^h spot 
following the comer, is evident at 
operating speeds above aveit^ which 
are encountered when light material 
is cut. In this case, the increased in¬ 
ertia of the machine carriage causes 



fig. 11—Operation ^ Steering Motor When More Than Half the Light Spot Becomee 
Centered on the White Background. Increased Signal Strength Causes the Steering 
Motor Armature to Rotate Both the Optical System and Tracer Spindle in a Qockvrise 
Direction Until Equilibrium Has Been Reared 


direction of the curve, so that the 
tracing head follows the curve evenly 
and, with the aid of an antihunt 
device, produces a smooth cut. In 
this manner, the tracing head can 
continue to follow around a complete 
circle. 

Cumulative errors due to slipping 
of the driving wheel which are preva¬ 
lent in other methods of torch con¬ 
trol have been eliminated as the elec¬ 
tronic tracing head constantly com¬ 
pares torch position directly with the 
drawing. Also, the fact that this con¬ 
trol provides a smooth, even correc¬ 
tive action as the sp>ot varies from its 
correct position instead of full on or 
off control, assures correction which 
is proportional to the amount of 
error. 

When square comers or sharp 
angles are encountered, two factors 
will affect the accuracy of the cut to 
some degree at high or low operating speeds but are in¬ 
significant at average cutting speed. 

These errors are shown in ^e illustrations in Fig. 12 
which have been considerably exaggerated. Figure 12 
(.4) shows the electronic tracing device approaching a. 
right angle comer at average cutting speed. Note that 
the center of the optical unit (which would also be the 
center of the light spot if it were not deflected through a 
prism) is centered on the edge of the drawing as is the pro¬ 
jected light spot. The tc/rdi tip at the other end of the 
pantagraph bar is in the same plane as the center point of 
the optical unit. In Fig. 12 (B) the light spot is about 
to enter the white field. The project^ light spot and 
the optical imit are still centered on the edge of the draw¬ 
ing. In Fig. 12 (C) the light spot is entirely in the white 
fidd and rotation of the optical unit and tracer spindle 
has started. Note the optical unit is still centered on the 
edge of the drawing. In Fig. 12 (P) the light spot is ap¬ 
proaching the dark field and the center of the optical 
unit has now left the edge of the drawing. Figure 12 (E) 
shows the light spot again centered on the ^ge of the 
drawing and the center point of the optical unit (which 
corresponds to the torch position) has rounded off the 
comer and is again nearly centered on the drawing. In 
Fig. 12 (F) the center of the optical unit has passed be¬ 
yond the horizontal side of the angle due to the inertia of 


the driving wheel to skid when the turn is made, produc¬ 
ing a high spot, but no rounded comer, as may be seen 
in Fig. 13 (5). 



ng. 12—^Errox Produced When Sharp Angles or Comen Are 
Cut at Average Operating Speed. Thia Diagram Haa Been 
Greatly Exaggerated to Shw tne Relative Poaitiona oi the Light 
Spot and the Center Pdint of the Optical Unit When a Comer 
la Cut. The Actual Error Produoid la Negligible for Meet 
Requixementa 
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However, we have seen that at average operating 
speeds the cut will fall between these two extremes pro¬ 
ducing a comer sufficiently square, as the distance from 
the center of rotation of the optical unit to the deflected 
light spot is approximately Vi* —thus decreasing the 
margin of error proportionally. If the distance between 
these two points was even as much as V« the error of 
the actual cut would be */« in. or less. Actually, this 
error is further reduced as the high spot is partially 
burned off by the increased heat which builds up at cor¬ 
ner cuts. 

However, a more precise operation may be secured by 
building up the edge of the drawing as is shown in Fig. 13 
(Z)). The extent to which the drawing is built up is, of 
course, dependent on the operating speed but as previ¬ 
ously stated, this minor modification is not necessary for 
most operations. 

It is well to mention at this point that the actual speed 
of cutting for a given thickness of steel with electronic 
equipment corresponds to the cutting speed of machines 
quipped with conventional tracing devices. The speed 
is preset before the start of the cut and remains constant 
during the operation—regardless of the contour of the 
drawing—cutting shapes in a single operation which have 
been impossible to cut with standard equipment. ji 

IV. Description 

The Electronic Eye Tracer Head is attached on the 
opposite end of the pantagraph bar from the torches and 
is connected to the control box by flexible mbber-covered 
cables. The head may be positioned at any desired loca¬ 
tion on the bar and is held in place by two hand screws. 

The tracing head unit consists of the optical unit; the 



Fig. 14—Switch Panel ol Electronic Tracing Head 


GREATLY EXAGGERATED 



AVe^ASM TBMAtATg ALrABAROff 

Fig. 13—Types of Errors Produced at Slow, Fast and Average 
Speeds and Method of Altering the Drawing or Silhouette 
V^en Great Accuracy Is Remiried. These Errors Have ^en 
Greatly Exaggerated to Show the Variations 


tracing device which includes two photoelectric tubes, 
an amplifier tube, light bulb and potentiometers; a di¬ 
rection indicator, the switch panel, adjustment controls 
and the necessary electric connections. To assure p)er- 
fect electronic control under all operating conditions the 
electrical imits and optical unit are housed in dust-tight 
chambers. In addition, three motors are provided which 
control the tracing head movement—the steering motor, 
the tracer driving motor and a motor which raises or 
lowers the head. 

A vertical track guides the tracing head when the unit 
is raised or lowered and the head is equipped with sealed 
ball bearings throughout. Finger tip control assures re¬ 
sponsive operation and the tmit may be raised above the 
table to any desired level by merely lifting the handle of 
a momentary contact switch. The unit may be lowered 
to rest on the tracing table by means of the same switch 
as the movement is controlled by a motor-driven sprocket 
and chain. The unit is supported by the tracing drive 
wheel when it is resting on the surface of the table and 
the resultant slack in &e chain permits freedom to float 
in a vertical plane. 

A governor-controlled motor which operates the trac¬ 
ing wheel assures a wide range of speeds to include all 
thicknesses of material from very light plate to very 
heavy sections. The cutting speed may be preset or 
changed during the operation, and absolute control is 
assured through a tachometer which indicates cutting 
speed. An observation window is provided in the front 
face of the tracer head to enable the operator to observe 
the light spot. This facilitates lining up the spot with 
the drawing and permits the operator to view the light 
spot and portion of the template being traversed. 

The control switches are mounted on the front face of 
the tracer head as shown in Fig. 14. A single pole switch 
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controls the tracing device'motor. The momentary con¬ 
tact switch raises or lowers the tracer head to permit 
rapid manual movement of the unit over the tracer table. 
The scanning head is raised by lifting the switch handle 
in an upward position and lowered by depressing this 
handle. Movement of the tracing device wheel may be 
preset through a momentary contact jog switch. Thus, 
it is possible by means of this swit^ to position the 
tracing device wheel at any desired angle. The manual 
and automatic switch has been provided for switching 
off the electronic control during manual operation or for 
setting the machine on automatic for electronic opera¬ 
tion. Two potentiometer knobs adjust the operation of 
the steering motor. 

A tmique feature of the Electronic Tracing Device is 
a direction indicator provided to give visual indication of 
the angle at which the tracing wheel is set. This may be 
seen in Fig. 6. As the clearance between the bottom of 
the tracing device and the tracing table is small to pre¬ 
vent outside light interference, this position would be 
hard to determine with the naked eye. The dial face of 
the indicator is calibrated to conform to the numbers on a 
clock face. If the indicator reads 12 o'clock the tracer 
head will move directly away from the operator’s normal 
position. Similarly, if the indicator registers 6 o'clock 
the tracer head moves directly toward the operator— 
if the dial shows 3 o’clock the tracer head will move di¬ 
rectly toward the right, etc. 

While discussing directional movement of the tracing 
wheel, it may be pointed out that it is possible to trace in 
either direction-Adockwise or counterclockwise and the 
direction desired may be predetermined by positioning 
the switch provided for this purpose. 


V. Drawing and Silhouette Preparation 

Drawings or silhouettes for electronic tracing equip¬ 
ment which replace conventional templates are easily 
prepared by a variety of methods from paper, cardboard 
or plastic material. Black ink, or heavy pencil lines on 
white paper, silhouettes inked on a white background or 
the paper doll method of mounting the design cut from 
black paper on a white background, are methods which 
have pr^uced excellent results. Although the black 
on wlute combination or vice versa is recommended 
other color combinations may be used which provide suf¬ 
ficient contrast. Exposed blue printing paper mounted 
on a white background has been succc^ul. A few ex¬ 
amples of these types are shown in Fig. 15. If the inked 
line for an outline drawing is less than V» wide, it 
should be backed up by a heavy pencil line. It must be 
kept in mind that the center of the light spot is in line 
with the center of the cutting tip or cutting oxygen ori¬ 
fice and that allowance for kerf width must 1^ made in es¬ 
tablishing the dimensions of the drawing or silhouette. 

One of the most interesting features of this reproduc¬ 
tion method is the lead-in line, which in the case of these 
drawings or silhouettes, can be a stripjof black paper laid 



Fig. 15—Few Ezamplee of SilhoueHet and Simple Outline 
Drawing! Which Replace Conyentional Templates with Elec¬ 
tronic ‘facing Equipment. The "Iron Dog*' Silhouette Gives 
a Clear Indication of the Cutting Scope 



16—Path of the Light Spot in Relation to the Tracing Wheel. 
The Tracing Whe^ Doee Not Track Over the Outline of the 
Template Except When It May Intersect the Outiine. As the 
Tracing Wheel b ^ooth, Wear or Damage to the Drawing Is 
Minimised 


on so that the electric ^e will follow it in to the outline. 
The strip may then be removed as the cut progresses. 

Dark smudges mil, of course, destroy the light con¬ 
trast upon which the electric eye is dependent to produce 
true reproductions and, therefore, it is recommended that 
drawings or silhouettes which are to be used often be pro¬ 
tected with a coat of clear lacquer or by cementing a thin 
sheet of transparent material over the surface. It is well 
to mention at t^ point that the tracing wheel do^ not 
track over the outline of the template, except where the 
tracing wheel may intersect the template outline. This 
is illustrated in Fig. 16. The unit has been designed so 
that the light spot is offset from the contact point of the 
tracing wheel. The contact surface of the tracer wheel is 
smooth and is slightly crowned, thus minimizing wear or 
damage on the drawing. 

The cost of preparing drawings and silhouettes for 
the electronic tracing device is exceptionally low as com¬ 
pared to templates required by other means of automa¬ 
tic tracing, and still further economy is derived in ^e 
simple storage requirements. A boon to every machine 
cutting department is the speed with which these draw¬ 
ings and silhouettes are prepared. Another advantage is 



Fig. 17—An Example of the Chain Method of Cutting Is lUus- 
trated in This Silhouette. In This Manner the Cutting Opera¬ 
tion Is Continuous Vfhen Several Cuts of the Same Pattern Are 

Made 
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the ease with which alterations may be made which is 
particularly important when small dimensional changes 
are made in a part. These drawings are easily lined up 
with the work. Another outstanding advantage is found 
in the chain method of reproduction, particularly in con¬ 
nection with smaller pieces. By chain method is meant 
reproduction of the outline to be cut in series and joining 
the outlines with a continuous line, thus enabling the 
cutting operation to be continuous, elimina ting inde¬ 
pendent starts, as illustrated in Fig. 17. Progressive po¬ 
sition of templates may be employed when the same out¬ 
line is repeated for relatively long lengfths when the same 
design is continuous. This is accomplished by positioning 
two templates in progression so that one picks up where 
the other leaves off. 

Summary 

The accuracy of tracing with electronic tracing equip¬ 
ment is within a very few thousandths of an inch. Dur¬ 
ing a test, the tracer head automatically traced over a 
drawing of a rectangular design for several continuous 
hours, using a scribe in place of a torch to scribe a line 


on a chalked plate, and no appreciable change in the 
width of the scribed line could be observed. No differ¬ 
ence in measurement between the drawing and the 
scribed line could be detected and extremely difficult and 
intricate comers presented no tracing problems. During 
tests conducted with various types of drawings and sil¬ 
houettes to determine the ability of the Electronic Trac¬ 
ing Head to faithfully reproduce any design, the silhou¬ 
ette of an artistically drawn bathing beauty was tried. 
The lady in steel possessed all of the charm and appeal of 
the origfinal. 

Thus, we may summarize electronically controlled 
steel cutting as possessing flexibility, accuracy, economy 
and quality, far superior to conventional methods of 
guiding madiine torches. Intricate shapes or contours, 
impossible to cut with other types of tracing devices, 
may be cut to dimension with this fully automatic 
equipment. Rapid manual movement from point to 
point to quickly facilitate lining up the drawing in rela¬ 
tion to the material to be cut is assmed through control 
switches. Low cost and ease of drawing or silhouette prep¬ 
aration make possible complex design reproductions 
while reducing operator fatigue, and the chain cutting 
technique opens new avenues to increased production. 
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VICTORY REVEALS A 


More than two years ago, an engineer of the 
Laboratories visited U.S.S. Boise, returned with 
a mysterious box which went into the Labora¬ 
tories* vault. Now, victory opens the box and 
discloses a special kind of electron tube called 
a magnetron. It was part of a Radar which fur¬ 
nished data to aim U.S.S. Boise's guns during 
the night action off Savo Island on October 
11-12,1942. Because of the high frequency gen¬ 
erated by this magnetron, the Radar was not 
detected by the enemy and the action was a 
complete surprise. Six Japanese warships were 
sent to the bottom of the sea. 

This magnetron is a symbol of the Laboratories’ 
enormous war program. Half of it was devoted 


to Radar, the other half gave birth to radio 
transmitters and receivers, sonar apparatus for 
the Navy, loudspeaker systems for ships and 
beach-heads, fire-control apparatus for anti¬ 
aircraft artillery. Coming months will unfold 
the story of these and many other contribu¬ 
tions of the Laboratories to the victory of our 
arms. 

Bell Telephone Laboratories* war work began 
before the war; until now, it claimed practically 
all our attention. With victory, we will go back 
to our regular job—helping to bring you the 
world’s finest telephone service. 

lELL TELEPHONE LAIORATORIES 



ExploHng and Invtnllng, davlting and porftcMng, for canHnuod Improvoaiantt and ocanomlai In fakpliana ■ocvlcn. 
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OUR NEW PRESIDENT 
W. F. Hess 

Dr. W. P. Hess attended Rensselaer 
Polytechnic Institute at Troy, N. Y., for 
four years, graduating in 1925 with the 
d^ree E.E.; did graduate study at 
R.P.I. for three years ending 1928 with 
the d^ee D.Eng.; was instructor in 
Electrical Engineering and Physics, R.P.I., 
1928 to 1930. In 1929 Dr. Hess began 
teaching a course in welding to United 
States Navy Annapolis graduates sent to 
R.P.I, by the Bureau of Yards and Docks 
for special training, which has been con¬ 
tinued since that date. He was Assistant 
Professor of Electrical Engineering and 
Physics, 1930 to 1937; New York State 
licensed Professional Engineer No. 13,793 
since August 13,1935; Assistant Professor 
in Metallurgies Engineering, 1937 to 
1938; Associate Professor in Metallurgical 
Engineering and Head of Welding Labo¬ 
ratory, 1938 to 1945. 

In 19371 Dr. Hess designed and arranged 
for the equipment of the present welding 
laboratory at R.P.I. In 1938 the First 
Welding Research Committee Fellowship 
was established for the study of the spot 
welding of low-carbon and stainless ste^. 
This fellowship was renewed until the 
present year. In 1945 Dr. Hess was raised 
to full Professor of Metallurgical Engi- 



W. F. Hms 


neering and Head of Welding Laboratory. 

In 1939 the International Nickel Co. 
established a Resistance Welding Fellow¬ 
ship, which was continued until the 
present year. 

Establishment of first Aircraft Spot 
Welding Research Fellowships under the 
auspices of the National Advisory Com¬ 
mittee for Aeronautics, the Army Air 
Corps and Navy Bureau of Aeronautics 
was made in 19^ and continued until the 
present year. 

Establishment of first programs of War 
Research under the War Metallurgy Com¬ 
mittee of the National Research Council 
was made in 1942 and continued until the 
present. 

In 1944 came the establishment of first 
programs of war research imder the Office 
of Production Research and Development 
of the War Production Board. Dr. Hess 
is also consultant on welding problems to 
the American Bureau of Shipping. 

In October 1944 Dr. Hess was awarded 
the Lincoln Gold Medal by A.W.S. and 
the University Award of the Resistance 
Welder Manufacturers Association and in 
July 1945 was awarded the American Iron 
and Steel Institute Medal for 1944. 

Dr. Hess has held the following offices 
in the SoaBTY: Chairman, Northern 
New York Section; District Vice-Presi¬ 
dent, New York and New England Dis¬ 
trict; Chairman, Committee on Awards; 
Chairman, Educational C<mimittee. He 
is a member of A.W.S., A.I.E.E., S.P.E.E., 
A.S.M. and A.S.T.M. 


OUR FIRST VICE-PRESIDENT 
Harold O. Hill 

Harold O. Hill is Assistant Chief Engi¬ 
neer, Fabricated Steel Construction, of the 
Bethlehem Steel Co., at Bethlehem, Pa. 
Bom in Ontario, Canada, he was educated 
at the University of Toronto, from which 
he received the degree of B.A.Sc. in 
Mechanical Engineering. 

He commenced his engineering career 
with the Riter-Conley Co. of Pittsburgh, 
Pa. Here he served in many capacities 
and was Chief Engineer when this com¬ 
pany was merged into McClintic-MarshaU 
Co. He became Assistant Chief Engineer 
of the enlarged company in charge of the 
engineering on tank and platework. 

When McCIintic-Marshall Co. was 
merged with the Bethlehem Steel Co. in 
1931 he continued his same duties with the 
Bethlehem Steel Co. 



Harold O. Hill 


Mr. Hill was a member of the Board of 
Directors of the A.W.S. from 1940 to 1943, 
and has been a member of the A.W.S. 
Executive Committee for seven yearly 
terms. 

Other engineering activities include the 
chairmanship of the A.W.S. Technical 
Activities Committee; chairman erf the 
A.W.S. Committee on the Field of Weld¬ 
ing of Stmage Tanks; chairman of the 
A.P.I.-A.W.S. Conference Committee on 
the Welding of Oil Storage Tanks; mem¬ 
ber of the A.W.S. Symbols Committee; 
member of the A.W.S. Committee on 
Standard Qualification Procedures; mem¬ 
ber of the A.W.S.-A.W.W.A. Committee 
which prepared Specifications for the Con¬ 
struction <rf Elevated Steel Water Tanks. 
Standpipes and Reservoirs; member dt 
the A.W.S.-A.W.W.A. Committee cm the 
Field Welding of Water Pipe Joints; mem¬ 
ber of the following Societies, A.P.I., 
A.S.T.M., A.S.M.E., A.I.E.E., A.S.C.E.. 
Rotary Club, and a registered structural 
engineer in the State of Pennsylvania. 

Mr. Hill has been a member of the 
Abbrican Welding Sombty for 14 srears. 


OUR SECOND VICE-PRESIDENT 
George N. Sieger 

George N. Sieger, President and General 
Manager of the S-M-S Corp. of Detroit. 
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Simplicity of Design Makes This 


_Resistance Welder Control Ideal 


for Efficient Production Welding 


• Only simple magnetic relays and pneumatic tim¬ 
ing units are used in the assembly of Safront weld 
and sequence timers. Operation is based on the 
interval required to transfer a small volume of fil¬ 
tered air from one chamber to another, through a 
regulated orifice. Circuits are conventional—easy 
for the electrician to understand and service. 

On timers and contactors alike, all terminals and 
wiring are instantly accessible for inspection and 
maintenance. Coils, contacts and all renewable 
parts may be replaced in a matter of seconds, using 
only standard electrician's tools. 


*Shown above —an effi-cient 
production line with Thomson Welders, 
Square D controlled. 


SAFRONT TIMERS are built in 18 NEA^ standard 
types. All electrically energized parts are behind 
a protective panel, yet finger-tip adjustment of 
individual timing periods is provided by large, 
calibrated dials on panel front. 


HIGH SPEED and SYNCRO-BREAK CON¬ 
TACTORS have unusual design features required 
for frequent making and breaking of the welding 
transformer primary cii*cuit. Syncro-Break con¬ 
tactors provide means for opening circuit without 
arcing at contact tips—thus increasing contact life 
and allowable ratings. 


HIGH SPEED 


5QUHRE n COMPBNY 



















George N. Sieger 


Mich., was bom June 19, 1889, in Bethle¬ 
hem, Pa., the son of Henry N. Sieger 
who was a manufacturer of snowguards 
and roofing slate in Slatington, Pa. Heat- 
tended the public schools of Slatington, 
and Mercersburg Academy, graduating in 
1908. His education was continued at 
Lehigh University and he graduated from 
there in 1912 with a degree in Electro- 
Metallurgical Engineering. 

From 1912 to 1914 he was employed by 
the Continuous Zinc Furnace Co. of Hart¬ 
ford, Conn., as a metallurgist, and when 
that company was absorbed by the Com¬ 
mercial Research Corp. he remained with 


the latter organization until 1916 as assist¬ 
ant to the genera] manager. For the next 
year he was assistant manager of the Elec¬ 
trolytic Oxy-Hydrogen Division of the 
Davis Boumonville Co. of Jersey City, 
N. J., leaving there to go into the service 
of his country. He was sent overseas 
where he remained for two years in charge 
of the production and distribution of non¬ 
toxic gas, attaining the rank of captain in 
the U. S. Army. 

Following his release frmn service he 
went to Canada to become Managing Di¬ 
rector of the Canadian Consolidated Corp. 
of St. Catharines, Ont., and remained 
there for five years. The next years were 
spent in the employ of P. R. MaUory & Co. 
of New York and Indianapolis, fii^ with 
the Elkon Works where he became man¬ 
ager of that plant, and later as executive 
metallurgist, dividing his time between 
New York and Indianapolis. He served on 
the board of directors this company and 
also found time to help organize the Carbo- 
loy Co., serving as technical assistant to 
the president. 

In 1933 he left the Mallory Co. to organ¬ 
ize the S-M-S (Specialized Metal Servi ce) 
Corp., in Detroit, Mich., of which company 
he was elected President and Gener^ 
Manager and to which he has since devoted 
his exclusive time and attention. 

Several patents in powdered metallurgy 
are credited to Mr. Sieger. 

Mr. Sieger is a member of the American 
Welding SoaBTV, the Society of Auto¬ 
motive Engineers, American Society for 
Metals and The Engineering Society of 
Detroit: is on the Aircraft Welding Stand¬ 
ards Committee of A.W.S. and was the 


first chairman <A the Allc^ Group the 
Resistance Welder Manufarturers' Assoda- 
tion. During World War II he served as a 
member of several Industry Advisory 
Committees to the Resistance Welding 
Section of the War Production Board and 
later on as consultant to the Tools Division 
of the War Production Board. 

Mr. Sieger has been Secretary-Treasurer 
of the Detroit Section the American 
Wbldino Society since 1941, is Past- 
Chairman of the National Membership 
Committee and Past District Vke-Presi- 
dent of the Society. 


OUR NEW DIRECTORS 
Charles H. Tenniags 

Charles H. Jennings was bom in Des 
Moines, Iowa, January 23, 1906, and at¬ 
tended Iowa State College at Ames, where 
he received the degree of Bachelor of 
Science in Mechanical Engineering in 1928. 

Mr. Jennings was employed in the Dea 
Moines Works of the Pittsburgh-Des 
Moines Steel Co. while still in college, and 
with this practical experience as a back¬ 
ground, was admitted to the (^aduate 
Student Course of the Westinghouse Elec¬ 
tric & Manufacturing Co. in 1928, com¬ 
pleting the normal srear's course in seven 
months. 

In 1929 he became attached to the'Me- 
chanics Division of the Westinghouse Re¬ 
search Laboratories in East Pittsburgh, 
where he instituted advanced studies in 
the mechanical properties welds, weld¬ 
ing design, welding appUcatibns and weld¬ 
ing problems. 



R^O 


^ASTIAN-BLESSINGr-^ 

4241 Petertan Ava. ChUoge 30, III. 

Pionaart and Laodart in Eqwipmant for Using 
and Controlling High Prasawra Ooaa* 


• .. . chances are that they are if your shop isn*t 
getting the advantages of modem manifolding methods! 

With a RegO Manifold, designed for your exact require' 
ments, you’ll eliminate costly cylinder changes in the middle 
of jobs . . . reduce hazards and trouble caused by wheeling 
cylinders throughout your shop ... and save gas as a result of 

uniform emptying of all cylinders. 

Learn now how a RegO Manifold can reduce your shop overhead 

— there’s no obligation. 
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DESIGNED WITH A DOUBLE PURPOSE 

Cesco safety equipment is designed to provide complete pro¬ 
tection and maximum wearing comfort. For example, every 
device shown on this page incorporates extra features which 
assure worker safety and help increase production. Besides, 
Cesco emphasizes top quality in safety equipment—helmets 
and goggles which stand up under constant use in heavy pro¬ 
duction. You’ll profit by writing for more information today. 

CHICAGO EYE SHIELD CO. 

S332 WARREN BOULEVARD • CHICAGO 12, ILLINOIS 
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Charles H. Jennings 


In 1936 he was transferred to the Labo¬ 
ratories’ Chemical and Metallurgical 
Department and put in charge of all the 
welding research. In 1943 he was made 
Section Engineer of the Welding Section. 
Mr. Jennings conducted a course in weld¬ 
ing metallurgy at the Carnegie Institute of 
Technology, prepared a training course for 
welding operators for the Pittsburgh Board 
of Education, and is the author of numer¬ 
ous articles on welding and two books— 
How to Weld' 29 Metals and 41 Lessons in 
Arc Welding. 

In 1937 Mr. Jennings was called to Eng¬ 


land for three months as consultant weld¬ 
ing engineer for the English Electric Co. 

In 1939 he was awarded the Westing- 
house Silver “W” and Order of Merit for 
distinguished service in welding research 
and application. He is a past Chairman of 
the Pittsburgh Section of the Auekican 
Welding Society, a past District Vice- 
President of the Society and a member of 
numerous technical committees. 


OUR DIRECTORS 

Augustus B. Kiuzel 

Dr. Kinzel, Vice-President of the Electro 
Metallurgical Co. and of Union Carbide 
and Carbon Research Laboratories, Inc., 
graduated from Columbia University, 
A.B., in 1919, Massachusetts Institute of 
Technology in General Engineering, 1921, 
the University of Nancy, France, D.Met.- 
Ing., 1922, and he received the degree of 
Doctor of Science in 1933. Before joining 
the Union Carbide organization in 1926, 
he had several years of practical experience 
as metallurgist with G^eral Electric Co. 
and Henry Disston & Sons, as lecturer of 
the advanced courses in metallurgy at 
Temple University, and as a consultant. 

Dr. Kinzel is the author of many papers 
on the testing and welding of metals, on 
the metallurgy and physical chemistry of 
steelmaking, on the composition, physical 
properties and uses of ferroalloys and alloy 
steels, and on applied mechanics, and is co¬ 
author of the voliunes on chrmnium in the 
"Alloys of Iron” series of monographs. He 
holds many patents in these fields. Be¬ 
sides being Past-Chairman of the Iron and 



Augustus B. Kinzel 


Steel Division and nominee for Director of 
the American Institute of Mining and 
Metallurgical Engineers and Past-Chair¬ 
man of the New York Chapter of the 
American Society for Metals. Dr. Kinzd 
was Senior Consultant of the Metals 
Branch of the War Production Board and 
is Chief Consultant on Metals to the 
Enemy Branch of the Foreign Economic 
Administration. He was also Project 
Supervisor of the War Metallurgy Com¬ 
mittee and is chairman of the U. S. Army 
Ordnance Advisory Committee of A.I.- 


^1 




• The Extra money you’ve already spent for acetylene in 
cylinders has long ago flowed dow'n the business stream and 
been forgotten. However, there’s no need to CONTINUE 
this unnecessary extra expense. A Sight Feed Acetylene 
Generator will put about two-thirds of this acetylene money 
right back in your pocket. 

For example: if you are now paying $3.00 per 100 cu. ft, 
for "bottled acetylene,” each cylinder is costing you about 
$4.50 to $5.00 extra. A Sight Feed Generator would make 
the same quantity (about 250 cu. ft.) of purer, hotter acety¬ 
lene for approximately $2.75. Can you afford not to buy a 
Sight Feed.’ Contact your jobber, or 

THE SIGHT FEED GENERATOR COMPANY • RICHMOND,INDIANA 
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AC OR DC WELDING 

"lUrcMt'' worki •qually w»U gn 
•itb«r AC or DC. Now, wbatovor youz 
maehin* — whotovor tho cut !ron you 
bavo to wold ... it can bo dono oaally 
and with bottor rosulto. 


ALL POSITION WELDING 

Downhand, ▼ordeal oo ovoiboad. 
"Haicut" U an all nooitlon oloctrodo 
— makoo youx wolduQ of oast bon 

oaslor. 


GREATER TENSILE 
STRENGTH 

Sound, doBM woldo with a tonsilo 
atroB^ of 60,000 Ibo. p.tJ. — approx- 
imatoly twice that of a good grado of 
cut bon. 


'"HAnCAST” GIVES YOU 


It's here! Not just another electrode, but the greatest 
contribution to the welding of cast iron — P&H "Harcast"! 
Over three years in the making, this new electrode brings 
amazing results — in easier welding ... in better welds 
• . . in time saving. And it's available now for all your 
cast iron welding. ^ 

You'll like "Harcast"! The easy way it handles . . . the 
smooth weld deposits in all positions. No longer will you 
have the old troubles of weld cracks, poor penetration, 
excess porosity and pulling away at the fusion zone. 
''Harcast" ends all this — makes your cast iron welding 
simple and sure. Try it and see the difference! 


LOW AMPERE WELDING WELDING STEEL TO SINGLE OR MULTIPLE 


"Bkrcut" wu doTotopod for low 
uiporago woldbig to miumlM dUudon 
at tha nialon xoaa. Improva 
qualldu. 


CAST IRON 

A faatura that doublu tha usafulaau 
of "Harcut." It hiua wall with mUd 
or madlum carbon ataals lor }obilng to 
caat bon. 


PASS WELDING 

Brarythbig wu conaldarad In tha da. 
▼alopmant of "Harcaat." That's why tt 
ia aaay to uu lor aingla or muldpla 
pau work. 


wnm roMY ron nsr sample op p&h ''HAncAsv 


Thara'a an alaelroda for arary ragubamant in tha oomplata PSH lina. 
PAR walding alacbodu ara avallabla in all slsm and typu lor 
fabrlcadng — rapab-walding — for rabuUding and hard-aurfacbtg to 

K orida unuaual raalatanea to waar. Impact and abraaion. Lat P&H 
aid Enginaara halp you with your waldbig problama, 

4S6I WEST NATIONAL AVENUE, MILWAUKEE 14, WISCONSIN 

AcenruTiAkCwnDW wwicaa wtirapoamuamiira 


PsH 


WELDING 

ELECTRODES 
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M.E., Chairman of the Advisory Com¬ 
mittee of D 3 niamic Testing Laboratories^ 
Chairman of the Weldability 
Committee of the Welding Research Onm- 
cil. member of the International Commis¬ 
sion for Acetylene and Welding, and mem¬ 
ber of the Committee on Metals of the 
National Academy of Science. Dr. Kjnzel 
was the 1944 Adams Lecturer and is Vice- 
Chairman and nominee for Chairman of 
the Engineering Foundation Board and 
representative to the National Research 
Council. 


R. D. Thomas 

Graduated from Cornell University with 
a degree of Mechanical Engineer (E.E.) in 
1906. Early work included operation of 
an experimental electric furnace; engi¬ 
neering inspector on the new construction 

the filtration plant for the city of Pitts¬ 
burgh. Joined ^e engineering staff of the 
Central District and Printing Telegraph 
Co. (the Bell Telephone System) in Pitts¬ 
burgh in 1919, and during ^e following ten 
years held various engineering positions 
with operating Bell companies, including 
transmission engineer for the Pittsburgh 
district and assistant engineer on special 
projects in Philadelphia. In 1919, started 
the firm of R. D. Thomas & Co. as a 
manufacturer's representative handling 
equipment to make heat of electricity. 
Products included electric melting and 
heat-treating furnaces and electric weld- 
ing^equipment. In 1931, was made Vice- 
President of Arcos, Inc., and was execu¬ 
tive manager of Arcos, Inc., and Presi- 



R. D. Thomas 


dent of R. D. Thomas & Co. until 1936 at 
which time the two companies were mei%ed 
into the Arcos Corp. when he was elected 
its President, the position he now holds. 
Arcos Corp. specializes in the manufacture 
of high-alloy (stainless) and special elec¬ 
trodes. 

Hobbies are photography and garden¬ 
ing, the former having been a continuous 
hobby since 1894. 

Member of the Engineers’ Club of Phila¬ 
delphia, and American Society for Metals. 
Served cm the Board of the Engineers’ Club 
for jone year 1930-31. Also a member of 


the Board of the American Welding So- 
caETY as representative of the Middle 
Eastern Division for the years 1937-38. 
Charter member of the Philadelphia Sec¬ 
tion of the American Welding Society 
which was organized in 1920. Chairman 
(rf the Section from April 1927 to April 
1929 and thereafter Treasurer of the 
tion from April 1929 to April 1945. 


Carl M. Underwood 

Mr. UnderwcxKi was bom in Denton, 
Texas in 1902. He received a B.S. degree 
from Texas A. and M. College in 1925 and 
a Mechanical Engineering Degree in 1929. 
He took special courses in Northwestern 
University and Chicago University. 

Mr. Underwood started his career as an 
engineer in Development Branch, Western 
Electric Co., working on wire processing, 
welding plant planning, equipment, weld¬ 
ing processes, and development. 

In 1933 he became Engineer of Sales, 
Raytheon Manufacturing Co., Boston, 
Mass., working on devel(q>ment, design, 
tests and application of thermionic recti¬ 
fier type arc welding equipment. In 1934 
he b^ame Senior Welding Engineer, U. S. 
Naval Gun Factory, Washington, D. C., 
working on application of modem welding 
to Naval Ordnance equipment including 
welded design, production methods, radio- 
graphic and magnetic inspection, and 
Navy welding specifications. 

After seven years in this position he be¬ 
came manager of Welding Dept., Northern 
Ordnance Inc., Mtnq^polis, Mitm. His 
work included building and organizing a 


Carbide 

IN THE RED DRUM 

EFFICIENT 

ECONOMICAL 

DEPENDABLE 



FOR WELDING and CUTTING === 

Use National Carbide in the Red Drum 

Write us for information as to nearest available stock. 

M E. 43nd St. NATIONAL CARBIDE CORPORATION New York, N. T. 
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...and here’s why 

MATERIAL: This newly designed glove is made of 
carefully selected chrome tanned split horsehide 
leather... long wearing, heat resisting and extreme¬ 
ly flexible. 

DESIGN: The new glove has a one-piece back and 
palm. It is expertly designed to provide maximum 
comfort. The back lining is double the weight of that 
used in conventional type welding gloves, giving 
much greater protection against heat. 

SEAMS: All seams and vulnerable spots on finger tips 
are welted for extra protection. Welting tightens me 
seams, preventing heat and sparks from burning 
through. 

Contact your nearest AO Branch Office for complete 
information. 


We believe this new 5x163 

AO WELDING GLOVE 

is the best Welding Glove 
ever developed 


American W Optical 


COMPANY 

80UTMBR1DGE, MASSACHUSETTS 
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Carl M. Underwood 


complete welding plant for the quantity 
production of precision type structures 
used in Naval gun mounts and other Naval 
Ordnance equipment, welding design, proc¬ 
esses, and general management responsi¬ 
bilities. 

Mr. Underwood is a member of the 
Aicbucan Welding Society, A.S.T.M., 
A.S.M. and A.S.M.E. He is a Past-Vice- 
Chairman, A.W.S., Baltimore Section; 
Past-Chairman, A.W.S. Washington Sec¬ 
tion; and Past-Chairman, A.W.S. Minne¬ 
apolis Section; and a past member of sev¬ 
eral A.W.S. committees. 


DISTRICT VICE-PRESIDENTS 
District No. 1—New York and New England 
Frank W. Davis 

Frank W. Davis, Chief Metallurgist, B. 
B. Badger & Sons Co., Boston, Mass., was 



Frank W. Davis 


bom at Milford, Del., on Sept. 19, 1889. 
He is a graduate of Lehigh University, 
1912, with degree of El.Met., also of 
University of Nebraska, 1927, with degree 
of M.S. in M.E. 

After graduation from Lehigh he was 
employed by the Electric Storage Battery 


Co. as foreman in assembly plant. In 
1913 he joined the Metallurgical Dept, of 
the Alan Wood Iron & Steel Co. of Con- 
shohocken. Pa., was placed in charge of 
this department in 1921. Prom 1922 to 
1927 served as Ferrous Metallurgist for 
U. S. Bureau of Mines. From 1927 to 
1930 was Metallurgical Engineer of Inter¬ 
national Combustion Engineering Corp. 
From 1930 to 1933 was President and Chief 
Engineer of Industrial Gas Engineering 
Corp. After several years engaged in in¬ 
dependent consulting and sales activities 
he made his present connection. 

In addition to the Welding Society he is 
a member of the A.I.M.E., A.S.M.E., 
A.S.T.M., A.S.M., and A.P.I. He serves 
on technical committees of A.S.T.M. and 
A.S.M.E. For two years he served as 
chairman of the Boston section of the 
American Welding Society. He is a 
member of the Nebraska Chapter of ^gma 
Xi. His college fraternity is Phi Sigma 
Kappa. As for clubs he is a member of 
the Engineers' Club of Boston and the 
Henry H. Houston Post of the American 
Legion of Philadelphia. 

Although in connection with his first 
employment it was necessary for him to 
acquire some efficiency in the burning of 
lead he became really active in the welding 
field only after joining the Badger organ¬ 
ization. For the past eight years, how¬ 
ever, he has been engaged in developments 
in the welding-art in connection with the 
activities of his company and during the 
past six years has sowed continuously as 
an officer of the Boston Section of the 
Welding Society. 



We manufacture a complete line 
of resistance spot welders from 
to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 

TRANSFORMERS OF ALL TYPES 

WE INVITE CONTRACT SPOT WELDINC 
m LARGE OR SMALL QUANTITIES. 


CHA S. EISLER 
EISLER ENGINEERING CO. 

779-so. JJ'h ST. 


Reach for “ 

DUCrONE 

(E6011) AC (E6013) 

WELDING RODS 



Avoildble agoin, aft«r »hre« years of war service. 
OUCTONE AC rods ore designed and manwfaclured 
especially for AC welding. It is the best rod for all 
position and general purpose welding. OUCTONE AC 
rods hove deep penetration, are good on dirty mote- 
rials and operate on exceptionally low current. Small 
sixes are especially good for thin 
sheet metal. Excellent for vertical 
and overhead welding on DC posi¬ 
tive polarity. Extruded in all sizes 
from 1/16 to 1/4 .See your dealer. 

T.rrltorl.t I»r OfilrlOvt.rt , 


Chicogo Steel and Wire Co. 
103rd St. and Torrence Ave. 
Chicago 17, Illinois 
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This picture wos photographed 
through a THERMACOTE plostic- 
cooted cover lens that hod been 
used, under identical cortdltions, 
for THREE WEEKS. 



When welding with non-coated 
or lacquered cover glosses visi¬ 
bility decreases and eye-stroin 
increases as weld spotter accu¬ 
mulates on the glass. Increased 
welding foologe is the logical 
result of constantly clear vision 
through the use of THERMACOTE 
COVER LENSES. 


THERMACOTE CO. 

NEWARK CHICAGO 

LOS ANGELES PORTLAND 


Diitrict No. 2~Mid<Eaflt9rn 
William G. Tbesinger 

William G. Tbesinger, who has been 
Director of Welding Research at Ltikens 
Steel Comptmy, Coatesville, Pa., since 
February 1941, has been appointed Assist¬ 
ant to Vice-President, it was announced 
today by D. S. Wolcott, Vice-President of 
the company. Dr. Thesinger will assist 
Mr. Wolcott in work connected with the 
manufacture, sale and application of 
special products such as clad steels. 

Dr. Theisinger joined Lukens in August 
1935 as Welding and Metallurgical Engi¬ 
neer and has specialized in the handling of 
technical matters involved in the applica¬ 
tion, fabrication and sale of the company's 
products. 

Dr. Thdisinger was bom in April 1904, 
in Carlisle, Pa. After attending Harris¬ 
burg public schools, he became Assistant 
Chemist at Harrisburg Steel Corporation. 
In 1925 he became associated with the 
Board of Transportation of the City of 
New York in the development of welding 
inspectimi. 



William G. Thesingei] 

In 1930, Dr. Theisinger matriculated at 
Harvard University receiving the degree 
of Bachelor of Science in 1934. That sum¬ 
mer be served the Western Pipe and Steel 
Company as Consulting Engineer on high 
amperage, automatic welding. In 1936, 
after completion of post-graduate wcn-k at 
Harvard, he received the degree of Doctor 
of Science. 

Dr. Thesinger is a member of the 
Ahbiucan Welding Society, the Ameri¬ 
can Institute of Mining and Metallurgical 
Engineers, the American Branch of the 
Newcomen Society of England, the Frank¬ 
lin Institute and the Harvard Club of N.Y. 

District No. 3—Southern 
Sydney Swan 

Mr. S. Swan is a graduate of the Univer¬ 
sity of Michigan with a degree in Naval 
Architecture and Marine Engineering. 
He has been a surveyor to the American 
Bureau of Shipping for the past eight years 
and since 1943 has been a surveyor in 
charge of welding in the Gulf Coast dis¬ 
trict. In addition to membership in the 
American Welding Society, Mr. Swan is 
also a member of the Society of Naval 
Architects and Marine Engineers. 



S. Swan 


District No. 4—Central 
B. t. Wise 

B. L. Wise is associated with The Fed¬ 
eral Machine and Welder Co. as Assistant 
Manager of the Welder Division. He first 
became associated with resistance wading 
through the medium of electronics. His 
experience in this field started in 1922 with 
the Radio Tube Division of the Westing- 
house Electric Corp., at East Pittsburgh 
while attending their Junior Engineering 
Course. 

He later majored in electronics at the 
Pennsylvania State College, graduating in 
1933 with a B.S. degree in Electrical 
Engineering. He is a member of the fol¬ 
lowing honorary scholastic societies at the 
Pennsylvania State College: Tau Beta 
Pi, Eta Kappa Nu, Phi Kappa Phi, Sigma 
Pi Sigma and Pi Mu Epsilon. 

After graduation he returned to West- 
inghouse as an Application Engineer for 
control equipment and electronic devices. 
It was through his work with electronic 
timers and contactors for resistance 
welding equipment that he became inter- 



B. L. Wise 
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From the Beginning 


"When in 1895 Professor Roentgen 
announced his discovery, Machlett 
was immediately interested and be¬ 
gan experiments to reproduce the 
results of Roentgen. He was Ideally 
equipped for such work, for just 
at that time he had perfected 
a mercury pump capable of pro¬ 
ducing a very high vacuum. He at¬ 
tacked the difficult task and before 
many days had passed, succeeded 
in producing the first X-ray tube in 
this country."—1. S. Hirsch, Radiology 
8:254, 1927. 


2,000,000 volt diroft eurront pre- 
ciiion radtogrophie tvb*, typo VM 


CoTAoll coAtoct therapy tube 


Trornformer Ivbe 


Pyro heavy anode bulb tube, 
type MR 


Silver bearing long-life rotalina target 
tube, type OX 


_ 

Tube with beryllium window and hooded 
onode, 250 k. v., type IR 
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ested in resistance welding as an industry, 
later becoming Chief Electrical Engineer 
for The Federal Machine and Welder Co. 

In this capacity, he was prominent in 
the development in aluminum spot weld¬ 
ing equipment and processes. He has 
served on several committees of the 
Ambrican Welding Society and on 
numerous wartime committees. He is a 
member of the Ferrous Metallurgical 
Advisory Board on Welding of Armor and 
is currently Chairman of the Resistance 
Welding Subcommittee of the American 
Standards Association, Sectional Com¬ 
mittee, C52—Electric Welding Apparatus. 
He is also a member of the A.I.E.E. 

Many of the A.W.S. members know 
Mr. Wise through the talks he has de¬ 
livered at various sectional meetings. 

« • • 

District No. 5—^Mid-Westem 
R. E. McFarland 

Mr. McFarland was bom on March 23, 
1888, at Wisconsin Rapids, Wis. His 
technical education was received at the 
University of Wisconsin. His entire pro¬ 
fessional career has been spent in connec¬ 
tion with the Western Electric Co. He 
has been employed continuously at the 
Hawthorne Plant in Chicago for 31 years 
with the exception of 3 years in Tokyo, 
Japan, with what was then a subsidiary 
plant. His work been of an engineer¬ 
ing and supervisory nature having to do 
with Manufacturing Methods and De¬ 
velopment with some 15 years in the 



R. E. McFarland 


welding held. Mr. McFarland has been 
active in the Welding Society since 1930. 
He was Chairman of the Chicago Section 
in 1938 and is at present Chairman of the 
25th Anniversary Celebration Committee 
of that Section. 

• • « 

Diatrict No. 7—Western 
C. P. Sander 

Clarence P. Sander was bom in Seattle, 
Wash., Dec. 13, 1897. He attended Wil¬ 


son’s College and furthered his engineering 
studies at the University of Washington. 
He was Assistant General Manager of 
Pacific Car & Foundry Co., with plants at 
Portland, Ore., and Renton. Wash., for a 
number of years before joining Western 
Pipe & Steel Co. of C^omia at Los 
Angeles in 1934 as General Superintend¬ 
ent, which position he still holds. He is a 
member of the Ixjs Angeles Athletic Club 
and the Pacific Coast Club. 

Mr. Sander has served on several com¬ 
mittees with A.W.S., A.S.M., A.S.T.M., 



C. P. Sander 


OPPOBTUMmCf Df BBSEARCH 

Uniwual opportunitiei in the postwar period will be available at 
Battelle Memorial Institute for qualified research men now in the 
services or engaged in war research. 

This endowed industrial and scientific research institution will add 
a selected number of competent scientists to its staff just as rapidly as 
they are relieved of their war responsibilities. The men chosen will 
be given eve^ opportunity to develop in their professional fields and 
to apply their scientific knowledge to the solution of industrial prot> 
lems. 

Such men will find modem scientific tools available for their use in 
the well-equipped Battelle laboratories, and they will be aided 
by a comprehensive program of fundamental research designed to ex¬ 
pand their knowledge and their ability. Battelle operates in an un¬ 
usual atmosphere which has a strong appeal to the professional re¬ 
search man. Opportunities for further education, technical growth, 
and administrative responsibility exist. 

Experienced research men in the fields of chemistry, chemical engi¬ 
neering, electrochemistry, physics, metallurgy, fuels, light metals, 
plastics, ceramics, mechanical engineering, design and product engi¬ 
neering, electrical engineering, applied mechanics, mining, raw ma¬ 
terials, and allied technical professsions will be considered. 

Whatever your postwar pisns may be, inquire now about these 
opportunities at Battelle. write to: 

MTTSLLE BCEMOBIAL UH TIT U T g / Colnoihw 1, OUn 


Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTI-BORAX” 

Aak for Them Unequalled for Quality 

A Flux for every metal: Cast Iron Welding Flux 
No. 1; Brazing Flux No. 2t Braz-Caat Flux No. 4 
for bronze-welding cast iron; **ABC** Aluminum 
Flux No. 8 for sheet Aluminum and all alleys of 
Aluminum; Stainless Steel Flux No. 9; silver 
Solder Bradng Flux No. 10; No. 16 Silver Solder 
Paste Flux. 

ANTI-BORAX COMPOUND COMPANY 

Fort Wayne« Indiana 



the NAME on the 
REPORT COVER 


make a difference. 

Especially when it represents the 

special facilities and skill utilized 

in solving the war's most critical 

^ %■ 

welding project. ^ 
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Welding More "Muscle” 
into the Jaw of this Wrench with 


MALLORY Projection Welding Dies 



S INCE the lower jaw bears most of the 
stress, the manufacturers of this adjust¬ 
able angle wrench wanted to strengthen its 
lower jaw. 

Mallory engineers quickly assisted in finding 
the answer. They recommended projection 
welding to fasten the lower jaw to the hous¬ 
ing. Five small projections were stamped on 
each side of the housing, so that 10 welds 
would join jaw to housing in a single operation. 

Result, according to the manufacturer, is 
that the fixed lower jaw—projection welded 
to the housing—is three times as strong as 
conventional designs! Mallory 3*Metal used 
for the projection welding dies assures high 
speed production, sound welds, and long runs. 


Whatever metals you are resistance welding 
—ferroUs or non-ferrous—by spot, seam, 
flash, butt or projection welding. . . Mallory 
electrodes can help to make your operations 
more efficient. Write us about your specific 
problems today, and ask for a free copy of 
the latest catalog on Mallory Resistance 
Welding Electrodes. 


Attention—Welding Engineers 

Here's a handbook yon’ll want . . . the im- 
I>roved, revised and exMnded Mallory Re¬ 
sistance Welding Data Book (3rd Edition), 
containing the most complete information 
available on resistance welding methods, ma¬ 
chines and materials. Free to those using re¬ 
sistance welding, when requested on company 
letterhead. Price to students, libraries and 
educational institutions: $2.50 per copy, post¬ 
paid. Board covers, 8^ x 11\ 160 pages. 


«R«r.U.S.P«t.Off. 


P. R. MALLORY A CO:, Inc., INDIANAPOLIS 6, INDIANA 

In thm VnM Kingdam, Moda md Sold hy MMary Pndmeu, Ltd., London. 
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A.P.I. and other technical organizations. 
He is a past chairman of the Los Angeles 
Chapter of the American Welding 
Society and has been a sustaining member 
of Society since 1937. He has been 
in charge of many of the large welded jobs 
in the West. 


* • « 

A.W.S. BY-LAWS 

The revised edition of the By-Laws, as 
published in the February Welding Jour¬ 
nal, and additional amendments, noted on 
letter ballot, submitted for membership 
vote under date of June 1,1945, now stand 
approved and will be incorporated in the 
By-Laws appearing in the 1946 Year Book. 


SPANISH FOLDER 

An envelope size folder printed in Span¬ 
ish and entitled.' “Comprobado en at 
Servico,” describing Ampco-Trode coated 
aluminum bronze weldrod, has just been 
issued by Ampco Metal, Inc., Milwaukee 
4. Wis. 

The folder was designed to acquaint 
Spanish speaking welders with the ad¬ 
vantages of this new aluminum bronze 
welding rod which has met with wide 
acceptance by the welding industry in 
America. It will be distributed largely 
by Latin-American jobbers and distribu¬ 
tors of Ampco-Trode electrodes. 


OXYGEN LANCING FACIUTATES 
SCRAPPING OF HUGE CASTINGS 

Since the oxygen lance can sever metal 
of practically any thickness, it is an effec¬ 
tive trouble-shooter for metal-disposal 
problems. In many scrapping problems 
like that illustrated herewith, the oxygen 
lance is the only practical tool available. 

A metal-working plant recently had to 
scrap a ICXl-ton steel casting. The cost oi 
the usual method ot disposing of scrap ma- 



Courl4sy Th4 Lind* Air Products Co. 


A Huge 100-Ton Steel Casting Being Cut 
Up foT Scrap with an Oxygen Lance. 
Tmee Completed Lance Slots Axe Clearly 
Visible. At ^me Points the Oxygen Lance 
Had to Cut Through Sections m Steel 5 Ft. 
Thick. Workmen Standing on the Casting 
Are Makiiig a Supplemental Cut with a 
Cutting Machine 


terial used by this plant proved prohibi¬ 
tive for a job of this unusi^ size. It was 
decided that oxygen lancing was the oily 
feasible means of cutting the huge piece. 
The results obtained by thw method were 
so satisfactory that the company disposed 
of two other castings, each weighing 17Vt 
tons, in the same way. 

Despite snow and sub-zero tempera¬ 
tures, the lancing operation was begun im¬ 
mediately. Lancing was started about 28 
in. below the top cd the casting, which at 
this point was 5 ft. thick. After a hcde had 
been lanced completely through, the cut 
was continued to the bottom of the casting. 
During this operation the lance was held at 
an angle to allow the slag formed from the 
cutting to run out ^and away from the face 

the cut. When the required number of 
these lance slots had been completed, the 
remaining web of material at the top of 
the casting was severed with a standard 
oxyacetylene cutting machine. The re¬ 
sulting slabs, measuring 8x6x5 ft., were 
then easily cut again with the oxyacety- 
iene machine into suitable sizes for ship¬ 
ment. 

THE LINCOLN ELECTRIC CO. OPENS 
NEW OFnCE 

The Lincoln Electric Company an¬ 
nounces the opening of a direct factory 
branch sales office in St. Louis. 

The new branch, under the directicm of 
Mr. B. J. Brugge as Welding Engineer and 
District Manager of Sales and Service, will 
be located at 4427 Manchester Ave., with 
telephcKie number Newsteak 6516. 
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OAKITE 

MA'iliALi. MitHOM SOviCI 


CLEANING 

>0* Ivor CilANiNO KOMImInt 


Send for FREE SAMPLE and detailed engineering test 
bulletin. 


The Midland Paint & Varnish Co. 


9126 RENO AVENUE CLEVELAND 5. OHIO 


WELDING 

COSTS WITH 

NO-SPAT 


The Non-Toxic 
Welding Fluid 

^fO-SPAT prevents adherence of spatter, 
saves cleaning time, cuts overall welding 
costs and protects metal against rust; maintains maximum 
welding strength; reduces fumes 30% ; does NOT pro¬ 
duce carbon monoxide gas. Inexpensive, ready to use. 
SAVES TIME SAVES MONEY SAVES LABOR 
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Prolonged and inconclu.ive controversy over 
rrolo K narticle size on man- 

ferro manganese, led us 

werfrun with stainless steel el«- 
t^es*. The percentage of^ FeMn jn e 

e<«ting was the same m e^h. The only 

n'.';r£"«-T'“r 


“Commercialcheckssuhstantiatethes^edata 

It ia interesting to note (Sample i) that 
the pre^nce of term silicon increases man- 

TnXtTrent studies in o.n lahoratodes 

indicate that particle sise ” It 

coarsest range possible mcrease manganese 

pick-up by at least 8%. 




Ivt" 


1o 


ten.D»DTirlF <:IZE 

manganese recovery 'NJNELD^meta^ 

0 


Fraction 

standard jranulatlon 
Standard granulation 

40 x 100 Mesti 
100x200 Mesh 
200 X 325 Mesh 
Minus 325 Mesh 


% FeMn in Coating 
16 
16 
16 
16 
16 
16 

(Core Wir* 


1.23 

1.91 

1.52 

1.27 

UO 

0.99 


% Recovery 
37.8 


0.42% M") 


Fc 




"oofe researchers not only produce pure ductile 
2 /rcon/ufn by electrolytic deposition—in tubes like fhrs— 
but even fabricate the vacuum tubes used in the 
process. For many an industry there is a forseeable 
future with ductile zirconium. For almost all industry 

Foote chemicals, ores, minerals, alloys and custom 
grinding have an important mission. 




PHILADELPHIA • ASBESTOS • 5XTON, FENNSyiVANM 
Home Off/cet 1611 SUMMER STREET. PHILADELPHIA 3, PA. 
Wm/ Ce««r itpru OriHia awmical C*., Sen fnodteo, Cnhf. 
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HEAKIN PBOMOTED 

H. L. Heakin has been named a district 
representative for the A. O. Smith Corp., 
covering northern California, Utah and 
Nevada, and will establish headquarters 
soon in San Francisco, it has been an¬ 
nounced by Ray E. Howes, administrator 
of the Los Angeles district of the company. 
Mr. Heakin will handle all of the com¬ 
pany's lines, which mclude pressure ves¬ 
sels, steel storage tanks, line pipe, oil well 
casing, railroad equipment, electrodes and 
consumer goods such a storage water 
heaters and domestic stokers. Mr. Hea¬ 
kin is a graduate of the University of 
Michigan and has done postgraduate work 
at Stanford University and the University 
of California. He has had previous con¬ 
nections with the Worthington Pump and 
Machinery Corp., the Pacific Foundry Co., 
Domestic Engineering Corp., Union 
Switch and Signal Co., and Westinghouse 
Air Brake Co. He is a member of* the 
American Welding Society. 


HORTONSPHEROmS 

The Chicago Bridge & Iron Co., Chi¬ 
cago, Ill., announces the publication of a 
new 9-page leaflet, “The Hortonspheroid,’’ 
which describes the reduction of evapora¬ 
tion losses from volatile liquids by storing 
them under pressure in Hortonspheriods. 
The reduction of filling, boiling and breath¬ 
ing losses are discussed together with a de¬ 
scription of the fittings included with Hor- 


tonsphermds. Gauging methods including 
theoretical gage tables, tank strappings 
and water calibration are described. A 
copy of the booklet will be sent on request. 


VICTOR CATALOG 

The new Victor publication (Form 52) 
just issued is devoted entirely to Victor 
Hand and Machine Cutting Torches and 
Tips. It is a striking brochure of 40 pages, 
attractively printed in colors, and gives 
full information on the hand-cutting 
torches, various types of cutting attach¬ 
ments, machine cutting torches, imder- 
water cutting torches and the various aux¬ 
iliary equipment that are needed in suc¬ 
cessful cutting operations. * This catalog 
represents the products of the company 
which has devoted three decades to design¬ 
ing and producing gas welding and flame 
cutting torches. Copy of this bulletin 
may be obtained from Victor Equipment 
Co., 844-54 Folsom St., San Francisco, 
Calif. 


SULLIVAN-CASSIMUS CO. OmCE 

Sullivan-Cassimus Co., with offices in 
San Francisco and Los Angeles, are 
pleased to announce the opening of an 
office in Seattle at 618 E. Pike St. This 
office is to be under the management of 
Carl C. Torell. 

Sullivan-Cassimus Co. is the Pacific 
Coast representative of The Federal Ma¬ 
chine & Welder Co. of Warren, Ohio, and 
because of the increased use and demand 


for resistance-welding equipment this new 
office will be better able to serve its large 
number of users. 


EIGHTH EDITION LINCOLN 
WELDING HANDBOOK 

Procedure Handbook of A rc Welding 
Design and Practice, 8th ^., published by 
The Lincoln Electric Co., Cleveland, Ohio; 
1312 pages, 6x9 inches, 1647 illustrations, 
including photos and drawings; cover, 
semiflexible simulated leather, gold em¬ 
bossed ; price postpaid United States 
$1.50 per copy, elsewhere $2.00 per copy. 

Entirely revised to include the latest 
data on new arc-welding methods and 
equipment, the eighth edition of the Fra¬ 
cture Handbook of A rc Welding Design and 
Practice has just been announced by the 
publishers. 

In addition to standard data on welding 
symbols, speeds and costs, characteristics 
of metals, preheating, stress relieving, ap¬ 
proach to welded design and other perti¬ 
nent information, the newly revised Hand¬ 
book includes sixteen new subjects such as: 

New cost tables 

New welding techniques 

Mathematical calciilations for new wdd- 
designed structures 

Latest steel specifications on S.A.E. and 
A.I.S.I., including National Emer¬ 
gency Steels, etc. 

Underwater cutting 

Shop ventilation 

Maintenance of welding equipment 

Methods of testing 



WELDMENTS 
SINCE 1913 



ImpalU 

field rinei like those below ... ere today 
regular ’'grist for our mill.” 

You, no doubt; have or toon will have, 

C ^u^ to market Those products may 
( of a design that would gain through 
welded construction ... for style ... for 
strength ... for lightness ... to make 
them less costly to produce. If so, our 
engineers and our facilities can serve you 
to advantage. 

Let us look at your drawings. Confi¬ 
dential of course. Get our quotations. 


THE UNITED WELDING CO. 

MioeiirowN. OHIO 


wrtoiNC r4tiicarofS or AtooriM orsiCNS 


BRAZE ALUMINUM 
POST-WAR PRODUCTS 


The wide spread use oi Aluminum 
in war-time products means a wider 
use for peace time goods. Manu¬ 
facturing costs will be an important 
factor in competitive markets. Brai- 
ing rather than welding Aluminum 
reduces costs and speeds production. 
Know the money saving facts—ask 
for Bulletin 0 3. 



KRE-CO MULTICHEMIC FLUX 

DIVISION OF 

CHARLES W. KRIEG CO. 

52-60 Dickerson St. Newark 4. N.J. 
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Filler metal specifications for arc weld¬ 
ing electrodes 

The principal sections of the new Pro¬ 
cedure Handbook, 8th ed. cover the 
following subjects: 

Part I—Welding Methods and Equip¬ 
ment (26 pages) 

Part II—Technique of Welding (126 
pages) 

Part III—Procedures, Speeds and Costs 
(154 pages) 

Part IV—Weld Metal and Methods of 
Testing (32 pages) 

Part V—Weldability of Metals (130 
pages) 

Part VI—Welded Steel Construction— 
Machine Design (226 pages) 

Part VH—Designing of Arc-Welded 
Structures (316 pages) 

Part VIII—Typical Applications of Arc 
Welding in Manufacturing, Construc¬ 
tion and Maintenance (214 pages) 


CAB BUCKET CARRIER 

A new motor-driven cab-operated double 
bucket carrier has been developed by The 
Cleveland Trararail Division of The Cleve¬ 
land Crane & Engineering Co., Wickliffe, 
Ohio, for the transportation of dry bulk 
materials. 

The operation of the carrier and the 
opening and closing of the bucket gates are 
handled by the cab operator who sitS on a 
swivel chair enabling him to work in the 
direction of either bucket. A single vari¬ 
able speed dnun controller is located on 
one side of the cab, but two foot brakes are 
provided, one at either end so that one is 
always in convenient reach of the operator 
regardless of which direction he is operat¬ 
ing the carrier. Push-pull levers for open¬ 
ing the bucket gates extend into the cab 



and permit emptying the materials in any 
amounts and at any rate desired. 

The unit illustrated has two 2d-cu. ft. 
buckets and is designed for canying a total 
load of two tons. Other size Cleveland 
Tramrail carriers can be supplied, however. 
The buckets are designed and located with 
reference to the tramrail arch beam rail, so 
that they may be easily filled from over¬ 
head bins without interference or spillage. 

The carrier is provided with two motor¬ 
ized travel drives, one at each end, and op¬ 
erates at speeds up to 600 ft. per minute. 


HIGH-PRESSURE DIE-CASTING 
MACHINE 

The Hydraulic Press Manufacturing 
Co., Mount Gilead, Ohio, announces the 
completion of one of the world's largest 
high-pressure die-casting machines. This 
massive "all-hydraulic” machine is de- 

972 


signed to cast 14.88 lb. of aluminum alloy 
per "shot” at an injection pressure of 
25,000 psi. This weight represents a cast¬ 
ing volume of 154*/* cu. in. 

For one to realize the magnitude of this 
new H-P-M die-casting machine, compare 
its injection capacity of 14.88 lb. with that 
of 2.4 Ib., the maximum 25,000 psi. injec¬ 
tion capacity of the largest standard exist¬ 
ing high-pressure machine. A majority of 
high-pressure aliuninum die castings are 
produced with injection presstires ranging 
from 10,000 to 12,000 psi. If such pres¬ 
sures prove satisfactory for extremely large 
parts, it is quite possible that aluminum 
castings weighing 30 lb. or more can be pro¬ 
duced with this revolutionary H-P-M die¬ 
casting machine. The development of this 
huge H-P-M die-casting machine may 
revolutionize the production of large light 
metal alloy parts, since all of the advan¬ 
tages of high-pressure die casting can now 
be obtained. Principally these advantages 
are the ability to produce interchangeable, 
high-quality part at a very high hourly 
rate, and to shape them so precisely as 
to reduce finishing operations to an abso¬ 
lute minimum. 

The base of the 1000-ton die casting ma¬ 
chine in question is fabricated by welding. 
The long straight seams of this member 
were welded automatically while shorter 
welds were made manually. Part of the 
base serves as an oil reservoir. The pre¬ 
vailing plate thickness is */« in. and the 
structure is well ribbed to support the 
weight of the mold clamp and the injection 
unit. 


A BIBUOGRAPHY ON CUTTING OF 
METALS 

Thb Bibliography which has been pre¬ 
pared by Professor O. W. Boston combines 
Parts 1 and 2 published in 1931 and 1935, 
respectively, with 3500 additional items. 
Arranged alphabetically by authors, and 
chronologically by years, the 4124 anno¬ 
tated references in this work provide those 
interested in the subject with a compre¬ 
hensive list of the most important articles 
on metal cutting, including shaping, grind¬ 
ing, analysis and treatment of the various 
cutting tools; turning; milling; drilling; 
planing; shaping; broaching; reaming; 
etc., from 1864 to 1943, inclusive. Speci¬ 
fically, there are subjects on carbon steel 
tools; high-speed steel tools; cast alloy 
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steel tools; cemented carbide tools; 
welded'tip tools; diamond tools; chrom¬ 
ium-plated tools; nitrided tools; on power 
energy, or force; dynamometers; tool life; 
tool wear; cutting temperatures; speed, 
feed and depth of cut; chip formation; 
finish; cutting fluids; material machine- 
ability properties; general, not otherwise 
specified. Author and subject indexes are 
also included. 

Published June 1945. 561 pages, 4124 
references, flexible leather binding. Price 
$6.50. 


TQDEMANN MADE PRESIDENT 

A. Carl Tiedematm, long affiliated with 
Detroit’s Automotive Industry in a manu¬ 
facturing and sales capacity, was recently 
elected President of the Dockson Corp., 
3839 Wabash, Detroit—Michigan’s largest 
manufacturer of welding and safety equip¬ 
ment and supplies. Mr. Tiedemann 
joined the Dockson Corp. less than a year 
ago as Executive Vice-President and Gen¬ 
eral Manager. 

He states that an ambitious program cd 
expansion for his Company is planned to 
meet anticipated peacetime demands for 
its products. 



A. Carl Tiedemann 


Mr. Tiedemann is a sustaining member 
of the Ahbrican Welding Society. 
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How welding — aided by 
RADIOGRAPHY- turned $840 
worth of scrap into $35,000 worth 
of usable castings 

Almost as dramatic as a Yukon "gold strike” is this case his- 
tory of welding and radiography teaming up to increase pro¬ 
duction and rescue $35,000 worth of critical castings from the 
scrap pile. 

The castings were costly, complicated to cast, demanded the 
most precise technic. Despite all precautions, flaws proved un¬ 
avoidable . . . deliveries fell behind schedule. 

Could these castings be reclaimed? Welding offered an obvi¬ 
ous solution to the problem . . . with radiography called in for 
a strong "assist." 

Internal irregularities in the castings were located by radi¬ 
ography . . . the welded repairs were made and x-rayed. Study 
of the radiographs showed the welds to be sound and the cast¬ 
ings acceptable. The 350 castings which were thus salvaged 
each month brought deliveries up to schedule—with a monthly 
saving of thousands of dollars. 

To the welder, this case is of prime importance. . . shows 
how industrial x-ray is his natural partner . . . how it opens 
new and profitable fields of business. Radiography’s ability to 
examine internal stfuctures guides welders to new fabricating 
methods. Why not investigate its advantages now? See your 


Investigation dts- 
elosot frr«gu/arity. 

A flaw typical of 
those which slowed 
the foundry’s deliv¬ 
eries on these com¬ 
plex housings. 


Wolding ropairs tho 
tondition . . . BUT: 
Is the weld sound, is 
penetration satisfac¬ 
tory and metal well 
fused? Will the cast- 
inp meet inspection 
requirements? 


Kadlography ap¬ 
prove* fho ropofri 

"Yes,” says this ra¬ 
diograph—welding 
has made the re¬ 
jected casting sound, 
sturdy, acceptable, 
and ready to use. 
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HEAVT-DUT7 MABINE MACHINERY 

A Unionmelt wdding installation used 
by a manufocturer of heavy marine pro¬ 
pulsion equipment has contributed greatly 
to the speedy production of such machin¬ 
ery This installation is typical of many 
for heavy^-duty fabrication jobs being 
done by this process—^jobs calling for high- 
quality welds to meet the rigid specifica¬ 
tions of the American Bureau of Shipping 
as well as the A.S.M.E. 

Shown here (Fig. 1) is a 12-ft. marine 
turbine reduction gear under construction. 
The heavy stiffening webs on each side of 
the gear are being fillet welded to the rim 
by the Unionmelt apparatus to the right 
of the operator. In this installation a 
Type UE-21 welding machine, mounted on 
a cantilever platform, is used as a station¬ 
ary unit while the work is revolved by the 
wdding positioner. The reel in the fore¬ 
ground supplies the welding rod from 150- 
lb. coils to the machine. Each fillet weld, 
meastiring about IVs in. across the face 
and 36 ft. in length, is made in only 



Fig. 2—Close-up of Face of Fillet Weld 
Made by the Unionmelt Process 


one pass, with deep and complete 
penetration. Welding at the hi^ speed 
afforded by the use of the Unionmelt proc¬ 
ess allows but little beat to be dissipated 
into the zones adjacent to the weld, 
thereby minimizing distortion' and stress 
in the structure. As can be seen from the 
unretouched close-up (Fig. 2), the weld is 
clean and uniform in appearance, and no 
machining or spatter removal will be nec¬ 
essary before putting it in service. 

Since the welding action is fully automa¬ 
tic, the quality of the weld does not de¬ 
pend on the welding skill of the operator. 
This eliminates one of the greatest varia¬ 
bles common to other welding processes. 
The welding is done beneath a layer of spe¬ 
cial granulated material with no visible 
arc or flame; this reduces opoator fa¬ 
tigue by making it unnecessary to wear a 
welding shield or gloves. The ppeartor, 
with a vacuum “melt recovery” machine, 
is removing the unfused granulated flux 
which can be re-used. 





SHAWINIGAN 


WELDED WIRE PRODUCTS FOR PRECISE 
ELECTRICAL EQUIPMENT 

Welds of multisection wire products 
made of tungsten, copper clad steel, cop¬ 
per, nickel and copper and nickel alloys 
are mass produced in sections ranging from 
0.0005 in. to 0.1280 in. diameter by the 
Warren, Pa., plant of Sylvania Electric 
Products, Inc. These welds are suitable 
for leads, pins and mounts used in incan¬ 
descent and fluorescent lamps; electron 
tubes; evacuated and gas-filled switches 
and many special, hermetically sealed elec¬ 
trical devices. Tungsten, nickel and cop¬ 
per clad wire products with or without 


7/me Counts - 
Gas cut and Weld with 


TIP CLEANING DRILLS 


A4oufitec/ in Knurled 


BRASS Hendled 


LARGE* STOCK 
PROMPT DELIVERY 

NO RATING REQUIRED 

DiSTRiBUTORS WANTED 

NEW MEXICO STEEL CO 

Box 691, Albuquerque, N. M. 


SHAWINIGAN PRODUCTS 
CORPORATION 

iMetaa arari ■uiloino. NtwvoRK tM.v. 
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Nelson Automatk 
Stud Welding saves 
time and material! 



NelsM Stud Wulding saves time and material because it 
eliminates drilling holes and- tapping to secure studs. In 
iess than a second studs from to diameter are secured. 
Automatic operation and accurate arc timing control produce 
complete fusion of the stud to metal. Operators are trained 
quickly and produce consistent results. 

Thousands of stud welders are now used by more than 756 
industrial plants and shipyards ... because 500 to 1000 studs 
per operator can be secured per shift. 

For rapid precision production of stud welded parts single 
and multiple stud welding units are available which weld one 
or more studs of various sizes at the rate of 20 to 30 welds 
per minute. 

Write today for complete information on this time and 
material'Saving equipment: 



NELSON SPECIALTY 
WELDING EQUIPMENT CORP. 


Dopt. H, 440 Poralta AveniM 
San Leondro, Californio 


tmtemK/^rtuntathe: Omdtn Stmi TtUing Carp., 1416 Santi Sixth Stmt, Ctmdte, N. J. 


HOW NELSON STUDS 
ELIMINATE DRILLING 


AND TAPPING 



After layout and center- 
punching a stud is placed in 
the gun chuck. The pointed 
end iS'looated in the 
punch mark and the trigger 
pulled. Instantly the arc 
flashes and the weld is made. 
The operator loads again and 
proceeds to the next weld. 



Complete fusion between 
stud and metal results • • • 
drilling and tapping opera¬ 
tions have been eliminated. 



Cover and gasket fit easi¬ 
ly and a neater result is 
obtained. One gun welds any 
diameter stud — a standard 
welding machine is used. 



Cutaway of typical stud 
weld. Etched with Nital 
to show penetration. 
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welds to as many as four other metals may 
be supplied surfaced for direct bonding 
with glass. All sections are electrically 
welded to assure good electrical and me¬ 
chanical design. Facilities include those 
for product and tool design, tool produc¬ 
tion and modem production equipment to 
assure uniform, high-quality products to 
close specifications. Contact pins for radio 
tubes, plug-in coils and similar products 
are also fabricated from solid nickel or 
tungsten rod with ground or rolled tips and 
cut to exact lengths for leads, mounts and 
glass seals. Inquiries for these or similar 
products are invited. Address Sylvania 
Electric Products Inc., Warren, Pa. 


Official U. S. Navy Photograph 


four times the big Essex-class carrier ha 
returned to rain more destruction upon th 
enemy. In 15 months of combat open 
tion, the Intrepid's guns and planes bar 
stmk 80 ships and destroyed 650 aircnl' 
that she is the most frequently hit canic 
in the U. S. Navy makes this record eve 
more incredible. The Intrepid was fin 
hit at Truk during the initial raids on th 
stronghold. February 16, 1944. Back i 
action off Luzon, October 29th, the ffattc 
took one of the first successful Jap sutcic 
hits. Again on November 25th, two Ji 
kamikazes rocketed into her flight deck I 
turn the big carrier into a biasing gasolini 
fed inferno. Even though "abandonmi 
seemed the only logical answer, the ere 
battled heroically for two-and-ooe-ba 
hours to save their burning ship. Inactic 
again for the Okinawa campaign, Intrep: 
pilots helped send the 45,000-t<Hi battl 
ship Yamato to the bottom. Then < 
April 16th, while her airmen were carr>’n 
the war to Japan's home islands, the I 
trepid was hit for a fourth time by one 
five attacking suicide planes. Her batt 
damage repaired for a fourth time, t1 
Intrepid lives up to its proud name. T1 
"ghost” of many Jap "sinkings” has loi 
since rejoined the fleet. 

On April 16th a Jap suicide plane loadi 
with a bomb sent the U.S.S. 
into flames again. An experienced cr< 
. saved the ship again that day. As sind 
rises from the carrier break out fire bos 
and other equipment to battle the flair.< 
This attack sent the Intrepid back 
the yard for a fourth time in 15 mor.t^ 
but now better than ever, the Intrepid b 
returned to the Pacific to deal out mo 
destruction to the enemy. 

A 15 ft. X 20 ft. temporary patch w 
welded on the flight deck of the ^ ln:*ef 
in only forty-five minutes, which enabl 
planes in the air to land on the carrier - 
fore they ran out of fuel and were fom 
into the sea. 


The U. S. S. Intnpid Under Fire. 


A FOUB-TIME VICTIM OF JAP AIR 
ACTION 

Four times the U.S.S. Intrepid has been 
battered into flames by Jap air action, and 


PRIZE ILLUSTRATION 


The accompanying photograph was 
taken from the front cover of the July issue 
of Water Tower, a magazine published by 
the Chicago Bridge and Iron Co. It was 
made by R. V. Schneider of the Chicago 
drafting room. It shows the welding of a 
curved section of steel pipe in the Chicago 
plant of the company. &hneider entered 
this photo in the Jackson Park Camera 
Club’s competition in May 1945, where it 
took top honors by being selected as the 
"Print of the Month.” It has been chosen 
as the Club's “Print of the Year.” 





UNAMATtC MAD 
fOtt 'CONCEAlfO 
ARC'f/tgfireoofcd 
wire ond granular 
flux) Automatie 
Art Wulding, 


Alert, cost-minded factory men, in all types of companies are mak¬ 
ing this recommendation to the management because they have 
been checking up on Unamatic Arc Welding and see its advantages. 


Many plants have found that Unamatic Arc Welding speeds pro¬ 
duction up to 300% and cuts materials costs as much as 15%. 
With Unamatic processes there is no problem of "fatigue periods" 
usually between 11 to 12 a. m. and 4 to 5 p. m., and the resulting 
high percentage of rejected work. 

Perhaps you would like to have one of our field engineers survey 
your plant to determine the advantages you may gain by employ¬ 
ing the Unamatic processes. Write and we shall be glad to arrange 
it—without obligation to you, of course. 


UNA WELDING, INC. 

1615 COLLAMER AVENUE 
CLEVELAND 10, OHIO 


UNAMATIC HEAD FOR 
"MOTECTED ARC' (ligM 
cooled wire and lapel, 
Awfomafic Arc Welding. 


UNAMATIC HEAD 
FOR "OPEN ARC' 
^iglil cooled 
wire) Avlomolic 
Arc Welding. 


.y 

k PROTECTtD. 


^NCEAl^ 


OPEN 


UNAMATIC 
WELDING 

MIGHT BE OUR 
ANSWER TO FASTER 
PRODUCTION, LOWER 
COSTS...LET'S LOOK 
INTO IT." 


UNAMmC WEIDING 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of glairna in this Section 


HEAVY-DUTY MACHINE-CUTTING 
BLOWPIPE 

A new heavy-duty, oxyacetylene cutting 
blowpipe, the Oxweld C-45 machine-cut¬ 
ting bkn^pe, has been devel< 9 ed by The 
Linde Air Products Co., Unit of Union 
Carbide and Carbon Corp. TTiis new 
blowpipe, which cuts steel ranging in thick¬ 
ness from 16 in. to 50 in., is particularly 
suited for hot top cutting, ingot slitting, 
riser cutting, cutting large forgings and 
scrap cutting in many applications where 
the oxygen lance was formerly required. 

The C-46 is water cooled and is intended 
to be mounted on a heavy-duty, straight- 
line cutting machine such as the new Ox- 
weld CM-37 machine or the familiar Ox- 
weld CM-21 cutting machine. A 50-lb. 
gage is attached to the blowpipe body for 
checking cutting-oxygen pressures which 
are unusually low—never over 35 psi. The 
C-45 blowpipe is designed for operating 
with medium-pressure acetylene and will 
operate satisfactorily on a generator or a 
manifold having a minimum hourly capac¬ 
ity of 500 cu. ft. of acetylene. Unless 



The C-4S Is Shown Here Cutting a Chrome- 
Nlokal-Molybdanum Hot Top to Charging 
Box Sisa. The Cut Through a 29-In. Thick 
Section It Made at 3 In. per Minute 


cutting oxygen is supplied from a pipe line, 
at least 10 cylinders should be manifolded 
to provide sufficient capacity. In shops 
where steel over 18 in. thick must be cut 
frequently, the C-45 blowpipe provides a 
tool for making these cuts quickly and eco¬ 
nomically. 

Also available is the Oxweld C-45 blow¬ 
pipe holder, which has been designed espe¬ 
cially for this blowpipe. It provides ease, 
accuracy and stability in making vertical 
and angular adjustments. Vertical ad¬ 
justment is obtained by turning a ball 
crank which operates a worm and gear 
that meshes with the blowpipe rack. A 
total angular adjustment of 135** can be 
obtained in the plane of the cut. 


ELECTRODE FOR HIGH TENSILE STEELS 

A new shielded arc electrode for groove 
butt jmnts and welding horizontal or flat 
fillets in the higher tensile steels, such as 
A.S.T.M. A-212, has just been announced 
by The Lincoln Electric Co., Cleveland, 
Ohio. 

Designated as “Fleetweld 11-HT,” it 
has outstanding characteristics not found 
in previous rods designed for welding steels 

this type. 

Exhaustive field tests have shown that 
the quality of groove butt joints made with 
this new electrode are exceptionally good 
and free oi porosity. Fillet welds made 
with "Fleetweld 11-HT" are extremely 
smooth with a flat face. The electrode has 
a remarkably low spatter loss and welds 
are produced with a steady arc and are free 
from undercut. 

Speeds are remarkably good and low- 
alloy, high-tensile steels can be welded as 
earily and as fast with "Fleetweld 11-HT" 
as mild steels can be welded with the ordi¬ 
nary E-6(^ type of electrode. 

All weld metal specimens of "Fleetweld 
11-H" test as follows: 

StreM Relieved 
Aa-Welded at 1200* P. 

Teosile streagth, 

psi. 75,000-80,000 72,000-76,000 

Yield steagth, 

pti. 59,000-62,000 57,000-61,000 

Ductilitr (elon- 

eetion ia 2 in.), 

% 19-38 26-80 

The electrode may be used with either 
alternating current or direct current and if 
direct current is used, the electrode should 
be negative. The new electrode conforms 
to Ambrican Welding SoasTY specifica¬ 
tions E-7020 and/or E-7030, and is avail¬ 


able in Vu'hi- 6nd diameter sizes, 

18 in. long. It is shipped in standard con¬ 
tainers of 50 lb. each. 


DUAL HYDROMATIC SPEEDS 
CONTAINER ASSEMBLY 

Typical of the many wartime develop¬ 
ments which may well reduce postwar pro¬ 
duction costs is this dual hydrmnatic mul¬ 
tiple spot welder built by Pn^pessive 
Welder Co., 3050 E. Outer Drive, Detrmt 
12, Mich., for assembly of ammunition 
boxes. Combining several operaticns in 
one, this dual wdder (there is a duplicate 
welding station in back of the vertical 
panel) permitted output of some 220 con¬ 
tainers per hour, in a minimum of floor 
space. 



Dual Hydromatlc Spot Welder 

Economy of equipment is secured by us¬ 
ing only a single transformer for both 
welding stations and using standardized 
parts for the various "guns." Simple 
air shuttling fixtures reduce loading time. 
These have interlocking contrds so that 
one operator welds while the other one is 
loading. The ctmtainer being fabricated 
in this view is a storage and shipping unit 
for 40-mm. ammunition. 


METRO POSITIONER 

The purpose of the new model S Metro 
Positioner is to simplify the tilting 
work during various assembly operations, 
by permitting the angle of tilt to be ad¬ 
justed almost immediately and without 
the necessity of stopping work to manipu¬ 
late wrench. 

In principle, the existing vise or fixture 
is bolted, or otherwise secured, to the 
"Place Plate” of the Metro Positioner. 
This plate is integral with a ball turning in 
the socket formed by two clamping jaws, 
so shaped and pivoted as to maintain a 
firm grip of the ball, yet so "tensioned" as 
to let the ball "roll" in the socket when a 
change in the angle <rf tilt is desired. Head¬ 
ing pressure exerted on the ball is supplied 
by a heavy tension spring which actuates 
the two clamping jaw members. 

According to Mr. D. F. Carscadden 
the Metro-Vise Company, 246 Stephenson 
Bldg., Detroit 2, Mich., pressure by the 
babbitt jaws is sufficient to hedd the ball 
in shift-proof position during normal as- 
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Robert F. Miller-President of Pottstown Mfg. Co., Pottstown, Pa. 

MAMUPACTURER OP MACHINE PAIRS AND ASSBMUtt. INCIU^MO PURE RENDING AND WELDED SECTIONS 


"VTe jahricated these aircraft ordnance parts with 
ButecRods 16 for steel (im’1600^F.), No. 1800 for 
ferrous and non-ferrous metals (940’1120*F.), No. 190 
for aluminum and alloys (9^0-1060^F.) and No. 1601 
for alloy steel (1020-U^O^F.). The use of these Low 
Temperature Welding Rods reduced our production 
costs materially. As many as 4000 pieces were pro¬ 
duced with a No. 16 rod, and inexperienced girls were 
expertly welding tough and delicate parts after only a 
few hours of instruction from our welding specialist 
Georee Bauer. Because EUTECTIC Low Temperature 
Welaing Rods can be applied with ease, we maintained 
a greater operating efficiency among our plant per¬ 
sonnel.** 

INVESTIGATE EUTECTIC TODAY 

In production, EUTECTIC Low Tomporoturo Wolding Rod** 
ploy a vital rolo. Rocauso thoy con bo suecottfwily appllod by 
boginnor*—bocouso thoy con bo wcod wiHi oxtromoly low 
Knot and produco wolds that oro moro mochlnoblo, show loss 
stross and distortion and oxhlblt consistontly high strong t h ' 
C«#tocRods ond EutocTrodos oro o growing fcKtor In nia|or 
civilian production work and oro rmpldly tlltpleting fusion 
wolding and broxlng. 

All EUTECTIC Alloys oro now avalloblo for civilian producHon. 
By moons of 4t spoclally dovolopod Reds and Fluxes you 
con employ the many rovolwHonory advantages of EUTECTIC 
tow Tomporotwro Wolding. Got the facts todco^l Call In your 
local EUTECTIC Field Engineer and learn how EUTECTIC can 
bo mode to servo you. 

Write for Eutectic's Civilian Production Folder fW-20 Today I 




tWHAT IS EUTECTIC? 

EUTECTIC Lew Tempcrohire Welding Rodv 
arc o new type of welding olleyt, whici^- 
% Bend to bate motels well below the 
bose metal melting point 
% Avoid Hie dangers of stress end dis¬ 
tortion characteristic of fusion weld¬ 
ing 

W Form exceedingly stronB bends 
through surface alloying 


EUTECTIC WELDING ALLOYS COMPANY 

ORIGINATORS OF EUTECTIC LOW TEMPERATURE WELDING 


I 40 Worth Street New York 13, N. Y. 

^ PIsate fond ms cemplsts facts oboul EUTECTIC Reds ond Fluxes and 
] informotion on hew to purchase a ssisction of the 9 most importont 
EutecRods for srery doy us*. Dspt. JN1 
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sembly operations. However, when the 
vise or fixture requires to be given a differ¬ 
ent angle, the ball is instantly responsive 
to simple hand pressure. There are no 
fixed graduations, therefore there is unlim¬ 
ited freedom of movement—any angle, any 
direction. When pecker adjustment is 
made there is no time lost in making tilting 
adjustments and both bands are left free 
for other work. By means of a simple ad¬ 
justment screw, the tension of the spring 
can be adjusted to the character of th^ 
work being performed. 

The model S Metro Positioner is sup¬ 
plied in two sizes, full information on which 
can be obtained by writing the manufac¬ 
turer direct. 


WORLD'S LARGEST ROLL SPOT 
WELDER 

Speeds as high as 300 welds per minute 
on 0.032-in. aluminum sheets are being ob¬ 
tained at the New Kensington plant of 
Aluminum Co. of America on this Federal 
welder. The Westinghouse electronics 
controls charge as many as 84-120 mfd. 
capacitors (10,080 mfd.) from 1500 to 3000 
volts with a peak demand (rf 100 kva. on a 
three-phase systnn. Each time this 
charge is "dumped" into the wdder trans¬ 
former, a weld is formed. The electronic 
controk for the capacitor discharge system 
assure the right amount of current for con¬ 
sistent welding results whether 0.032-in. 
sheet or 0.087-in. sheet is being put 
through the welder (See Fig. 1). 

The electronic controk assure consktent 
welding results on sheet aluminum from 
0.032 in. to 0.187 in. thick. The opera¬ 
tor’s adjustment panel is conveniently 


mounted next to the roll spot welder. In 
the center is the main control cabinet for 
the capacitor-discharge system (see Fig. 
2). In it are housed: rectifier, voltage 
regulating system and part of the capacitor 
bank. In the extreme right-hand cabinet 
the balance of the capacitor bank k 
housed. 


BANTAM BULLY HAMMER 

A small, powerful pneumatic hammer, 
delivering senne 13,000 blows per minute 
and operating on less than 2 cu. ft. of air 
at 80 to 100 psi., will be released for gen¬ 
eral dktribution for the first time thk 
month, according to announcement by the 
manufacturer, Superior Manufacturing 
Co., Public Square Building, Cleveland 13, 
Ohio. A 4-page bulletin describing the 
hammer in detail is available. Originally 
designed for special applications, where an 
exceptionally small toot with plenty of 
power and long lasting qualities were de¬ 
manded, the air hammer has heretc^ore 
been sold by tlft manufacturer almost ex¬ 
clusively to war production plants. 

Weighing less than 2 lb., the hammer, 
appropriately named the "Bantam Bully" 
fits easily in the band. A pktol grip 
handle, of dimpled aluminum casting, 
gives the operator comfortable control of 
the rapid-firing power of the hammer. The 
valve control, in pktol trigger position, 
adds to the ease of control. 

Tools for the hammer, of which a wide 
variety are available, are loaded in a quick, 
acting, ball-and-channel locking chuck. A 
quarter-turn of the knurled nose erf the 
chuck locks or releases any of the took. 
The "Bantam Bully" hammer has but only 
one moving part, the piston striking mem¬ 
ber, which k precision fitted in a finely 
ground cylinder. Travel of the hammer 
pkton is approximately */• <ior~ 

mally operates between 12,000 and 14,000 
blows per minute, depending upon the 
trigger regulatimi and the air pressure 
available. 

Uses so far discovered for the tool in¬ 
clude all kinds of cold chiseling (rf metak, 
peening, welding flash stripping, light 



scaling, light riveting, forming and finkh- 
ing, routing of all kinds, paint and rust re¬ 
moval (particularly good on jobs such as 
steel stacks and walls) star-drilling ce¬ 
ment, caulking, template marking, loosen¬ 
ing stubborn thread^ fastenings by vibra¬ 
tion, fender work, wood gouging in pattern 
making and many special driving, cutting 
and vibrating jobs in electric motor and 
small machinery assembly. 


MAKING TOUR OWN OXYGEN 

A booklet has been issued by Air Prod¬ 
ucts, Incorporated, Manufacturers Road. 
Chattanooga 5, Tenn., to explain its 
method of producing oxygen at lower costs. 
The booklet was prepared to answer the 
increasing number of requests for infor¬ 
mation. 


PAGE OFFICE 

Page Steel and Wire Divkion of Ameri¬ 
can Chain & Cable Company, Inc., ha* 
establkhed a new sales office in the Gen¬ 
eral Motors Building, Detroit, Michigan, 
in order to improve customer service. 
E. B. Brant and W. R. Stephens, formerly 
at the Page plant at Mcmessen, Pa., will 
make their headquarters in the Detroit 
office. 



Rq. 1 


Fig. 2 
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quality in their work . . . and x-ray is equally im¬ 
portant to leading producers of welding electrodes. 


WHEREIWELDS MUST BE RIGHT 
Industry Depends on 6.E. X-Ray 


yuMpout fiFTtETH~VEAR~OF~sinvi'gTI.Mi? 


GENERAL @ ELECTRIC 
X-RAY CORPORATION 


For example, the HoUup Corporation of Chicago 
employs a 200,000-volt G-E Industrial X-Ray 
Unit to inspect test welds made with their elec¬ 
trodes. Thus, Hollup insures unvarying quality 
of its products. Utilizing x-ray to insure top¬ 
flight quality of each of the numerous types of 
electrodes they produce is but one benefit gained 
by this company. 

They also find x-ray an invaluable development 
tool. All new types of electrodes introduced by 
Hollup are built to »-ray established standards. 
From development through production, their 
G-E X-Ray Unit is constantly employed in 
proving and improving product fitness. 

There’s a G-E X-Ray Unit for your application. 
Your redjuest for detailed information will receive 
prompt attention. Investigate todayl Write or 
wire to General Electric X-Ray Corporation, 
175 West Jackson Blvd., Chicago 4, Illinois, 

Department N-810. 
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SECTION ACTIVITIES 


COLUMBUS 

The Columbus Section has dected the 
fc41owing officers to serve for the coming 
year. 

Chairman, Robert D. Williams, Battelle 
Memorial Institute. 

Vice-Chairman, F. W. Shackleton, Penn 
Welding Co. 

Sec.-Treas., George S. Herren, Sea- 
graves Corp. 


INDIANA 

The first meeting of-the 1946-46 season 
was held on September 28th at the Lincoln 
Hotel, Indianapolis. W. M. WoU of the 
Commonwealth Edison Co., Chicago, 
talked on “High Frequency, Induction 
and Dielectric Heating.” 


MILWAUKEE 

The first meeting was held on Sept. 
2Sth in the Ambassador Hotel. Mr. J. A. 
Gallaher of the Haynes Stellite Co. of 
Chicago spdce on “The Selection <rf Hard- 
Facing Materiab and Methods. Mr. Gal¬ 
laher is author of several excellent ar¬ 
ticles on this subject which have appeared 
in the Journal. 

A series of five meetings are to be held 
beginning October 30tb and running 
through November 27th as an educational 
program. The list of lectures with subjects 
are as follows: 

Oct. 30th—“Welding Processes and 
Symbols," L. C. Bibber, Carnegie 
Illinois Steel Corp. 

Nov. 6th—"A.W.S. Classification of 
Electrodes,” Dr. Smith, Hamisch- 
feger Corp. 

Nov. 13th—“Welding Codes and Speci¬ 
fications,” Charles Scudder, A. O. 
Smith Corp. 

Nov. 20th—"Safety Factors in Weld¬ 
ing,” F. R. Mallette, National Safety 
Cowcil. 

Nov. 27th—Welding films consisting of: 
A. “Prevention and Control of Dis¬ 
tortion in Arc Welding.” B. “The 
Inside of Atomic Hydrogen Welding,” 
by the General Electric €o. C. 
“New Horizons in Welding,” by the 
Hamischfeger Corp. 


NEW YORK 

The regular monthly technical meeting 
of the New York Stttion was hdd on 
Tuesday, September 11th, at the Engineer¬ 
ing Societies Building. Robert B. Bed- 
worth. Western Electric and Manufactur¬ 
ing Co., N. Y. C., presided as chairman 
for the evening. 


The speaker for this meeting was 
Charles H. Jennings, Section Engineer of 
the Welding Sections, Westinghouse Elec¬ 
tric and Manufacturing Co., East Pitts¬ 
burgh, Pa. Mr. Jennings spoke on the 
subject “Distortion in Welding.” He gave 
much of the latest factual data and ex¬ 
plained many of the theories on distortion 
that have been accumulated in the past 
few years. Mr. Jennings’ talk gave the 
New York Section a very interesting and 
informative start for the first meeting of 
the new season. Refreshments and an in- 
. formal discussion followed the technical 
meeting. 


NORTHWESTERN PENNSYLVANIA 

A new Section under the above name has 
been formed and the following are the 
officers elected as of August 10, 1945. 

Chairman, C. W. Lytton, The Lincoln 
Electric Co.; Vice-Chairman, W. H. 
Cochran, General Electric Co.; Secretary- 
Treasurer, Wilfred R. Boyd, ^yd Weld¬ 
ing Co. 


NORTHWEST 

Starting the Section’s ninth year was a 
meeting held on September 6th. T. B. 
Jefferson, Editor of The Welding Engineer, 
spoke on “Postwar Welding Possibilities.” 
Mr. Jefferson outlined the part welding 
has played in the war effort, as well as 
some of the problems that will face weld¬ 
ing in the postwar period. 


PASCAGOULA 

Opening of the fall season took place 
with a dinner meeting held at the Pasca¬ 
goula Country Qub on October 2nd. The 
principal speaker was W. R. Gues, Sr., 
Executive Vice-President of the Ingalls 
Shipbuilding Corp., who spoke on “Ingalls 
Postwar Program.” Milton Forman, 
Welding Engineer, also with Ingalls, de¬ 
livered a paper on “Fundamentals in All- 
Welded Ship Construction.” 


PHILADELPHIA 

The following committees have been ap¬ 
pointed for the fiscal year; 

Membership: George R. Johnson, M.W. 
Brewster, Fred Judelsohn. Education: H. 
W. Pierce, R. D. Thomas, Jr., A. R. An¬ 
derson. Program: H. B. Seydel, E. E. 
Goehringer, J. D. Bert. Discussion Groups: 
E. R. McClung, O. C. Frederick, A. J. 
Raymo, W. E. Hendricks. Entertainment: 
O. J. Pearre, A. B. Gordon, B. B. Ross. 
Building: W. F. Carson, R. E. Seiffert. 


Representatives to Affiliated Technical So¬ 
cieties Council of Philadelphia: H. W. 
Pierce, G. R. Johnson. ' 

Professor Gilbert E. Doan of the De¬ 
partment of Metallurgical Engineering. 
Lehigh University, spoke on the subject 
“Weldability” at the Section’s September 
meeting. Progress made during the recent 
war period has greatly expanded the mean¬ 
ing of the term Weldability and a lively 
discussion period led by Prof. Doan’s asso¬ 
ciate, Dr. Robert D. Stout, followed the 
main talk. 

The Section presented resolutions of 
thanks to W. W. Barnes and R. D. Thomas 
for their untiring efforts in behalf of the 
Section since its origin in 1920. 


ROCHESTER 

The following arrangemoits for the sea¬ 
son have been made by the Rochester Sec¬ 
tion. 

A change in the size and contents of the 
meeting notices. This will permit more 
items of interest about the speakers, mem¬ 
bers and advertisers. 

By popular request from all the mem¬ 
bers, each meeting will have a 15-minute 
discussion on welding applications by a 
local speaker or speakers. 

By the same popular request, an inter¬ 
esting movie will also be shown at each 
assembly. 

At the October 4th meeting, W. S. Pel- 
ton, General Electric Co., was guest 
sperdcer. His subject was "Brazing on the 
Production Line.” The 15-mmute discus¬ 
sion period was conducted by Robert 
Raudebaugh of the University of Roches¬ 
ter, and Larry Smith of The Lincoln Elec¬ 
tric Co., on the subject of Weldability. 
The Lincoln Electric film entitled “Pre¬ 
vention and Control of Distortion in Arc 
Welding” was also presented. 

The guest speaker for the November 1st 
meeting will be T. B. Jefferson, Editor of 
The Welding Engineer. The 15-mmute 
discussion period will be conducted by 
Robert Cattanach of the American Laun¬ 
dry Machine Co. 

The December 6th meeting will have 
Bela Ronay of the Naval Bxpoiment 
Station, Annapolis, Md., as guest speaker. 


SYRACUSE 

The September meeting was held on the 
12th. William Conley, Consulting Engi¬ 
neer, The Lincoln Electric Co., si^e on 
“Stresses and Strains—Polarized Light.” 
A motion picttne, “Prevention and Con¬ 
trol of Distortion in Arc Welding.” was 
also shown. 
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COME SAILIN’ HOME 

The war is over and lots of the LSTs 
we built are due to come sailin’ 
home. These ships have proved that 
American ingenuity, production and 
way of doing things — including 
welding — is tops in war as well as in 
peace. We have returned to build¬ 
ing welded structures of all kinds. 


CHICAGO BRIDGE & IRON COMPANY 


. Tula* 3 ... . l*»4 Mun* Biog. rmiBaupnim 4 ... 

Fobricatin^ plants in CHICAGOt BIRMISGHAM; and GREENVILLEt l*A. 


Birmlnaham 1.1M7 North 5*th Stroet 

Tu£i 3^..W54 Hunt Bld«. 

AHimtna.Healey Btdft. 

Houeton I...... M31 dlnton Drlre 


Waahlnaton 4.743 Atlantic Bldft. 

PhlladdphU 3.144S-17M Walnut Street 

Loe Anttelea 14.1471 Wm. Fox BldB. 

San Frandeeo 11.1347-32 Battery Street Bldg. 


'g;:i/ed by 


Googl( 
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List of New Members 

August 1 to August 31, 1945 


CANADA 

Becker, Paul (B), 129 Norman St., Somia 
Ontario, Canada. 

CHICAGO 

Graham, Robert N. (C). A. O. Smith 
Corp., 310 S. Michigan, Chicago 4, III. 

CINCINNATI 

Schnelle, Ernst G., Jr. (C), 4 E. Benson 
St., Reading 15, Ohio. 

Schnella, Wm. C. (C), 1932 Fairfax Ave., 
Cincinnati 7, Ohio. 

Shepard, Kenneth Ray (C), 4166 Janward 
Dt., Cincinnati 11, OUo. 

CLEVELAND 

Jackson, Ben F., Sr. (C), R. D. 2, New 
Waterford, Ohio. 

Johnson, Minot M. (B), 402 Switland 
Bldg., Cleveland, Ohio. 

Merg^ Henry (C), 7004 Hague Ave., 
Cleveland, Ohio. 

Pestrak, W^ter (B), Progressive Welder 
Co., 1015 Mohoning Bank Bldg., 
Youngstown, Ohio. 

DETROIT 

Appleby, James A. (C), 4237 Common* 
wealth, Detroit, Mich. 

Stickney, W. R. (B), Canadian Vickers, 
Ltd., P. O. Box 5W, PI. Darmer Sta., , 
Montreal, Quebec, Canada. 

HAWAH 

Cunha, Allen H. (C), Hawaiian Gas 
Prods., P. O. Box 2454, Honolulu 4, 

T. H. 

LOS ANGELES 

Allen, Orville C. (C), 1063 Los Palos St., 
Los Angeles 23, C^if. 

Harper, Andrew O. (C), 1246 E. 91st St., 
L^ Angeles 2, Calif. 

Morris, RichardF. (C), 5017 W. 141st St.. 
Hawthorne, Calif. 

MAHONING VALLEY 

Reinhardt, G. A. (B), The Youngstown 
Sheet & Tube Co., Youngstown 1, Ohio. 

MARYLAND 

Luckert, Milton C. (C), Koppers Co., B. 

H. Div., 200 Scott St., Baltimore 27, 
Md. 


Wirdi, Eugene H. (C), Koppers Co. 
Bartlett-Hayward C^., 200 &ott St., 
Baltimore, Md. 

MILWAUKEE 

Hart, W. H. (C), 735 N. Water St., MU- 
waukee 2, Wis. 

Piekarski, Leon J. (C), 913 N. 27th St., 
Apt. 3, Milwaukee 8, Wis. 

Van Dyke, Clarence A. (C), 2639 N. 37th 
St., Milwaukee 10, Wis. 

NEW JERSEY 

Chabot, Joseph (C), 1 Chabot Lane, E. 
Paterson, N. J. 

Kneiper, James E. (C), 67 Chestnut Ave , 
Bound Brook, N. J. 

Leigh, Gilbert M. (B), Metal A Thermit 
Corp., Research Lab., Box 255, Rahway, 
N. J. 

NEW YORK 

Domheiffl, G. A. (B), Buensod-Stacey, 
Inc., 60 E. 42nd St., New York 17, 
N. Y. 

Murray, William W., Jr. (6), Almirall & 
Co., Inc., 53 Park PI., New York 7, 
N. Y. 

Truxall, John W. (C), 70 Prospect Park 
West. Brooklyn, N. Y. 

NORTHWEST 

Shannon, Jerry V. (C), 5807 Tacony St., 
Duluth 7, Minn. 

PHILADELPHU 

Colinet, Rene D. (C), Industrial Research 
Lab., 421 Memphis St., Philadelphia 
25, Pa. 

PITTSBURGH 

Fishter, Nicholas C. (B), 496 Dorothy 
Ave., Johnstown, Pa. 

Kolm, Roger E. (B). Dravo Corp., Neville 
Island, Pittsburgh 25, Pa. 

PUGET SOUND 

Haggard, James E. (C), P. O. Box 2454, 
Sheridan Pk., BremeHon, Wash. 

ST. LOUIS 

Cooper, Lloyd (C), Air Reduction Sales 
Co., 630 S. Second St., St. Louis, Mo. 


SAN FRANCISCO 

Eklund, CecU S. (B), 1051 Sunset Blvd., 
Hayward, Calif. 

Hovhmd, Harold (B), Industrial X-ray 
Engineers, 420 Market St., San Fran¬ 
cisco, Calif. 

Matto, Wm. V. (B), 1946—36th Ave., 
Oakland 1, Calif. 

Openshaw, Bernard R. (B), 79 NCB, 
F.P.O., San Francisco, Calif. 

Van Matr, Yirgil (B), 9367 Bernhardt Dr.. 
Oakland. Calif. 

SOUTH TEXAS 

Siarris, Henry C. (B), Brown Shipbldg. 
Co., Inc., P. O. Box 2634, Houston 1, 
Tex. 

Turner, Joe Ruel (B), P. O. Box 2634. 
Houston 1, Tex. 

TACOMA ’ 

Gunnette, Elmer E. (B), 3615 N. 22nd 
St., Tacoma 7, Wash. 

Jensen, Norman L. (C), 601 Rochester, 
Tacoma 6, Wash. 

Sct^gin, Thos. M. (C). 2715 S. Tacoma 
Way, Tacoma 3, Wash. 

WESTERN MASS. 

Moreland, Benjamin W. (B), Worthing¬ 
ton Pump & Machy. Co., Holyoke, 
Mass. 

NOT IN SECTIONS 

Beck, Arthur J. (B), Messrs. Hume Steel 
Ltd., P. O. Box 204, Germiston. Trans¬ 
vaal, S. Africa. 

Cross, J. H. (C), 2915 Oakwood St., Erie, 
Pa. 

Donnelly, Wth. W. (C), Box 547, Auburn, 
Wash. 

Femstrom, Gostil BertU (B), 7 Lillvagen, 
Norrkoeping, Sweden. 

Lagrange, D. (B), lOlA Avenue du 
Prince D’Orange, Uccle, Bruselles, 
Belgium. 

Mac Kenzie, J. B. (C), The Standard 
Stoker Co., Inc., Erie, Pa. 

Miskoe, Wm. I. (C), The Lincoln Elec. 
Co., (Aust.) Pty. Ltd., 109 Euston 
Rd., Alexandria, N. S. W.. Australia. 

Oless, Philip J. (C), The Standard Stoker 
Co., Inc., Erie, Pa. 

Swinton, Alexander G. (B)^. O. Box 31, 
William St., Sydney, AustralUu^ 

Willard, Donald B. (C), Box 35, Derrick 
City, Pa. 


Members Reclassified 


BOSTON 

Stahl, H. Hugo (from C to B), 35 Hutch¬ 
inson Rd., Arlington 74, Mass. 


During Month of August 

CANADA 

Voyer, Joseph Jean Paul (from D to C), 
966 Gilford, Montreal, Quebec 34, 
Canada. 
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COLUMBUS 

Schulz, Earl (from D to C), 503 W. 7th 
Ave., Columbus 1. Ohio. 
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How the New Murex Type U 
Eased Jonesy's Supervisory Duties 


Jonesy, our arc welding super, 
looked at this new job that came in 
and emitted a stricken groan. Being 
his secretary, I acted sympathetic. 

**Miss Clark,” he complained, 
am unhappy. Look at this weird 
assembly, of which they expect me 
to do ninety before the week is out. 
Vertical fillets here, downhand fil¬ 
lets there, and darned if there isn’t 
even some overhead welding—wish 
we had one rod that would do the 
whole job. Besides looking after 
my routine work, I will be all over 


this place like a blue-bottle fly, 
keeping the boys straight on which 
rod to use and where. I am unhappy.” 

**And deservedly so,” I said tartly, 
“for not keeping up with events in 
the arc welding world. Metal & 
Thermit has just come out with a 
new E-6013 rod that makes 
type of weld in any position with 
arty current. They call it Type U, 
meaning Universal. Its arc is pene¬ 
trating and easily handled. Welds 
are smooth and unusually sound. 
Slag is easy to remove. The rod is 


ideal on complicated jobs where 
you want high quality without a lot 
of supervision. (P.S. I’m so glib 
about it because I’v^ just read the 
M&T bulletin!) We use several 
of Metal & Thermit’s Murex elec¬ 
trodes already: want to try their 
new Type U?” 

We tried their new Type U, and 
it dideverything I had read it would 
do. Jonesy was jubilant. Better try 
it yourself: it saves lots of time and 
supervisory bother, besides doing 
a fine all-around job. 


METAL A THERMIT CORPORATION 

12 0 B R O A D W AY, NEW YORK 5, N, Y. 


ALBANY . CHICAGO • PITTSBURGH • SO. SAN FRANCISCO • TORONTO 
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CLBVSLAlfD 

Sehutz, Carl T. (from D to C). 68 W. 
Main St., New Concord, Ohio. 

DETROIT 

How, J. P. (from C to B), Weldit Acetyl¬ 
ene Co., 638 Bagley Ave., Detroit 
Mich. 

INDIANA 

Grubba, Paul F. (from C to B), P. R. 
Mallory Co., 30^ E. Washington St., 
Indianapolis 6, Ind. 

LOS ANGELES 

Baker, Richard I. (from D to C), 222 E. 
84th PI., Los Angles 3. Calif. 

LOUISVILLE 

Schiller, Clarence E. (from D to C), 503 
Crestview St., Jeffersonville, Ind. 
Schlatter, Henry J. (from D to C), 1922 
Payne St., Ltmisville 6, Ky. 


MAHONING VALLEY 

Jones, Ralph M. (from C to B), 444 Falls 
Ave., Youngstown, Ohio. 

MH/W^AUKEE 

Mooaler, Melvin O. (from C to B). 1517 
S. 60th St.. West AUis 14, Wis. 

NEW JERSEY 

Kelly, James P. (from D to C), 109 
Orient Ave., Jersey City 5, N. J. 

PASCAGOULA 

Dick, Charles M., Jr. (from C to B), 
1309 E. Tyler Ave., Pascagoula, Miss. 

PHILADELPHIA 

Holzbauer, Arthur A. (from C to B), 
Middletown & Fox Rds., R. D. 2, 
Media, Pa. 


PUGET SOUND 

Darr, Eugene B. (h-om C to B), K-41 
Cedar &ver Park, Renton, Wa^. 

SAN FRANCISCO 

Rhoades, Harold E. (from C to B), c/o 
National Cylinder Gas Co., 326 Howard 
St., San Francisco. Calif. 

SOUTH TEXAS 

Dye, GU V, (from C to B). Dye Welding 
Supply Co., 4515 Fannin, Houston 4, 
Tex. 

WESTERN NEW YORE 

Bugenhagen, Lorenzo (from D to C). 190 
Midland Ave., Kenraore 17, N. Y. 

NOT IN SECTION 

ShaAier, Geoige W. (from C to B), 1215 
Corregidor Cvcle, Evansville 14, Ind. 


Employment 
Service Bulletin 

POSITIONS VACANT 

Wanted: Local representatives who are 
now calling on wholesalers in the hardware 
and welding fields to handle our complete 
line of safety equipment. Excellent op¬ 
portunity. Write for full details. Ameri¬ 
can Industrial Safety Equipment Co., 398 
Bridge St., Brooklsm, N. Y. 

V-176. Electrode Formulator. Large 
manufacturer oi welding electrodes needs 
man with engineering background to assist 
in the development of new electrodes. 
Some experience in formulation desirable, 
but not necessary. Write details of educa¬ 
tion and experience. Otu* organization has 
been informed this insertion. 


SERVICES AVAILABLE 

A-603. Supervisor desires position. 
For the past four and one half years em¬ 
ployed by the New York Navy Yard as 
Supervisor in Charge of the Welding In¬ 
spection Department for new construction 
and salvage work. Prior experience: 
Twelve years mechanical repair and main¬ 
tenance of internal combustion engines; 


ten years machine shop experience. Also 
a licensed structural steel welder. 

A-504. Graduate Electrical Engineer 
with ten years experience in the field of 
welding engineering covering the design of 
power S 3 rstems for supplying electric arc 
and resistance welding machines; design 
of joints for electric arc, resistance welding, 
submerged arc, automatic arc, and atomic 
hydrogen welding; and development of 
welding procedure and sequence. Will 
accept a welding sales and service position 
or an engineering supervisory position in a 
msuiufacturing concern with either a 
resistance welding or arc welding com¬ 
pany. New York, New Jersey or Penn¬ 
sylvania area. 


WELDED STOOLS 

Steel stool, available in five heights 
and 40 models, which have a diversity of 
industrial and commercial uses, are now 
being marketed by Lyon Metal Products, 
Inc., Aurora, Ill., it is announced. 

The 80 models, the Company asserts, 
which have been designed from a physio¬ 
logical standpoint to meet every posture 
need in busy plants, aid materially in 
increasing employe efficiency by reducing 
fatigue. 



The 26-inch stool picttued here, No. 
1226, equipped with an adjxistable back 
and pressed wood seat (over steel) and 
steel feet, is priced at S2.40. The back 
support may be attached to all models. 

This stool has innumerable features, in¬ 
cluding all-welded, non-breakable con¬ 
struction; unusually large, ccmifortable 
14-inch wide seat, with rounded comers; 
strong channel brace which provides a 
comfortable foot rest located at a uniform 
distance below the seat from all heights; 
steel glide type feet and long life pressed 
wood seat applied over steel for strength. 



WELD CONTROL TIMERS 


For All Types of Resistance Welding. . . . Accurate — Fool Proof—Simple — Low Priced. . . . 
War Contracts Must Be Qualified. Post War Welding will Surely be Held to Equal Standards. 


KI ationalTimea S ignal f" oRPORATioN 

600 E. MILWAUKEE AVENUE DETROIT 2, MICHIGAN 
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That's the job one PROGRESSIVE pr<^ction welder has 
been doing, hour alter hour, day after day. The unusual output 
rate, without requiring automatic loading, is made possible by 
*two things: 

1. The positive and consistent operation of PROGRESSIVE 

equipment 

2. Designing the part and dies so that locating and clamp¬ 

ing is unnecessary. 

Four small projections are stamped into the metal near the 
hinge, eyes in the lorming operation. To secure the eyes, the 
hasp is merely laid on the lower die of the welder. The upper 
die comes down, current comes on automaticedly, and welds the 
eyes closed at the projections. 

In projection welding, accurate locating with reference to 
electrodes is usually unnecessary. Frequently simple flat weld¬ 
ing dies can be used. An air hose coupled to a solenoid valve 
blows the part off the die into a basket when the operation is 
completed and the machine head raises. 

PROGRESSIVE field en^ineere, becked by e gxeefiy expended etefi of 
design end epplieetion engineers selected from the resistence welding industry 
for their breedth of experience end "results”, will be gled to help you simplify 
end speed up your essembly end welding operetions. 

ARE YOU RECEIVING PROGRESSIVE'S "WELDING PICTORIAL"? 

Aai for it on your Company LottoThmad, 

PROGRESSIVE WELDER CO. 

SEAM PROJECTION « BUH • tUcUlt Wsfding Egwipmenr • PORTABLE GUN A PEDESTAL 

3050 E. OUTER DRIVE . DETROIT 12, U. S, A. 
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DISTRICTS AND SECTIONS—American Welding Society 


(Yice-Pnsidents, Chairmen, Secretaries and Regular Meeting Dates) 


fl—NEW YORK AND NEW ENGLAND 

F. C. Fykb, Vice-President, c/o Stand¬ 
ard Oil Development Co.. Elizabeth, 
N.J. 

BOSTON and Mon. 

CBAIBMAN —Paop. P. B. Rylb, Muf. lost, of 
Teebnolosy, Cambridge, Mass. 

SBCUTARV —P. N. Ruoo, 22 Baatern Ave., 
Wakefield, Mau. 

BRIDGEPORT 

CHAIRHAN—L. P. Bock, General Electric Co., 
Bridgeport, Conn. 

SBCSBTAJIY— J. Donovak, 918 Reservolr Ave., 
Bridgeport, Conn. 

HARTFORD 

chaibhan —T. W. MoBmua, The Wbitelock 
Mfg. Co., P. O. Drawer 390, Hartford, Conn. 

SBCUTARY—R. H. Florian, TrumbutI Electric 
Mfg. Co., Plainville, Conn. 

NEW JERSEY 3rd Tuoa. 

CHAIRMAN—Kbnnbth L. Walkbr, Poster 
Wheeler Corp., Carteret, N. J. 

sscuTARV —P. N. Mattbrm, Wtlson Welder & 
Metals Co., 00 B. 42nd St., New York 17. 
N. Y. 

NEW YORK and Tuoa. 

CHAIRMAN —H. O. Klinkb, AIt Reduction 
Sales Co., 181 Pacific Ave., Jersey City, N. J. 

SBCRBTARv —G. SvKBs, The Linde Air Products 
Co., 30 B. 42nd St., New York 17. N. Y. 

NORTHERN NEW YORK hmmt Tkura. 

CHAIRMAN —H. O. Wbstbndarp, General 
Electric Co.. Schenectady, N. Y. 

8 BCRBTARY —G. M. Rhoadbs, Jr., Industrial 
Engrg. Div.. General Electric Co., Schenec¬ 
tady. N. Y. 


PORTLAND. ME. 

CHAIRMAN — Robbrt MacGrboor, 346 Wood- 
ford St., Portland, Me. 

bbcrbtary—Gborob R. Lanozbttbl, 22 
Thomas St., Portland. Me. 

ROCHESTER lat Thun. 

chairman—Waltbr G. Dick, 474 Stonewood 
Ave., Rochester. N. Y. 

bbcrbtary —E. R. JONBS, 825 Commerce 
Bldg., Rochester 4. N. Y. 

SYRACUSE 2nd Wad. 

CHAIRMAN —R, Grbbr, Carrier Corp., 302 S. 
Geddes St., Syracuse, N. Y. 

BBCRBTARY — J. Botchkibs, 1690 Westmore¬ 
land Ave., Syracuse 10, N. Y. 

WEST ER N MASSACHUSETTS Last Mon. 

CHAIRMAN —R. W. Gamachb, 34 Alfred St., 
Springfield 7. Mass. 

BBCRBTARY —P. W. Tayt, Taft Welding 
Bqiiip. Co.,8171 Main St., Springfield, Mass. 

WESTERN NEW YORK 3rd Fri. 

CHAIRMAN —R. S. Lanb, Ross Heater 3t Mfg. 
Co., 1407 West Ave., Buffalo, N. Y. 

BBCRBTARY — Cbarlbs Prbbman, The Lincoln 
Elect. Co., 807 Iroquois Bldg., Buffalo, N. Y. 


^MIDDLE EASTERN 

H. W. Lawson, Vice-President, c/o 
Ingalls Iron Works, 1 E. 42nd St., 
New York 17, N. Y. 

LEHIGH VALLEY 

CHAIKMAN-J. W. KbNWORTBV, 113 N. 11th 

St.. Allentown, Pa. 

■HCRBTABY—JULIVS NaAB, IngeTBoU-RBIld 
Co., Phillipsburg, N. j. 

MARYLAND 3rd Fri., OBOopt April 

CHAIRMAN —W. H. Sbaprow,' 3806 Bdnor 
Road, Baltimore, Md. 

BBCRBTARY -R. PlTZOBRALD, Consolidsted 

Gas Elect. Light & Power Co., Westport. Sta., 
Kloman St. Baltimore 30, Md. 

PHILADOiPHIA 3rd Mon. 

CHAIRMAN —A. A. Holxbadbr, Sun Ship¬ 
building & Drydock Co., Chester, Pa. 

BROiBTARy —K. W. OSTROH, 213 Glen Gary 
Dr.. Westgate Hills. Upper Darby, P. O., Pa. 

TIDEWATER 

CHAIRMAN —C. O. Barham, 1501 Lansing Ave., 
Portsmouth, Va. 

UCRBTARY —B. C. RowBLi., 118 Oregon Ave., 
Fortamouth, Va. 


WASHINGTON, D. C. 8nd Tuoa. 

CHAIRMAN—S. W. Trainbr, HanuschfegcT 
Corp., 1029 Vermont Ave., N. W., Wash¬ 
ington, D. C. 

bbcrbtary —A. PiLTBN, 1445 Otia Place, N. W., 
Waahington 10, D. C. 

YORK-CENTRAL PA. 2ndWad. 

CHAIRMAN —W. C. Baobr, 335 Hsrdiog Court 
York. Pa. 

BBCRBTARY— PAtTL Drbbbri.. Drcssel Spring 
Works, 325 Prospect St., York, Pa. 


^0—SOUTHERN 

F. E. McAteb, Vice-President, c/o 
Chicago Bridge & Iron Co.. P. O. 
Box 277, Birmingham, Ala. 

ATLANTA Ist Fri. 

aBCRBTARY — J. V. TuRNBR, Air Reduction 
Sales Co., 338 Spring St.. N. W.. Atlanta, Ga. 

BIRMWOHAM let Thurs. 

CHAIRMAN —W. B. Brownino. The Linde Air 
Products, 1001-13 S. 22nd St., Birmingham. 
AU. 

BBCRBTARY —W. L. PooLB, Aif Reduction 
Sales Co., 2825 N. 29th Ave., Birmingham. 
Ala. 

CHATTANOOGA lat Wad. 

CHAIRMAN —C. R. Millbr, Welding Gas 
Prqducta Co.. 821 B. 11th St., Chattanooga, 
Teno. 

BBCRBTARY — R. B. BROOKS, Combustion 
Bngrg. Co.. 1032 W. Main St., Chattanooga, 
Tenn. 

LOUISIANA 

CHAIRMAN—C. O. Stilwbi. 1 .. Gulf Welding 
Equip. Co., 1133 Magarine St., New Orleans 
13. La. 

BBCRBTARY —R. P. WiLSOK, The Linde Air 
Products Co., 832 Howard Ave., New Or¬ 
leans, La. 

MOBILE 

CHAIRMAN — Reynold Ai.onzo. Rt. 3, Box 24. 
Stanton Rd., Mobile, Ala. 

aBCRBTARY—W. B. Kbllt, 1561 Luling St., 
Mobile. Ala. 

PASCAGOULA Hast to Last Thura. 

CHAIRMAN —W. B. Bowbn, The Ingalls Ship¬ 
building Corp., P. O. Box 149 Pascagoula, 
Miss. 

BBCRBTARY —C. M. DiCK. 1309 B. Tyler Ave., 
PescBgoula, Misa. 


#4—CENTRAL 

J. F. Maine, Vice-President, 12003 
Scottwood Ave., Cleveland 8, Ohio 

CINCINNATI 

CHAIRMAN — Ernbst P. Cahn, Ohio Valley 
Sales Co., 8018 Robertson Ave., Cincinnati. 
Ohio 

BBCRBTARY — J. N. Bi-ACK, General Electric 
Co., 216 W. 3rd St., Cincinnati 2, Ohio 

CLEVELAND 2nd Wad. 

CHAIRMAN—Robb J. Yauow, Republic Struc¬ 
tural Iron Works, 1290 B. 53rd St.. Cleve¬ 
land, Ohio 

BBCRBTARY —^T. p. Waonbr, A.W.S. 3300 Lake¬ 
side Ave., Cleveland 14. Ohio. 

COLUMBUS 2nd Fri. 

CHAIRMAN — Robbrt D. Williams, Battelle 
Memorial Inst., 505 King Ave., Columbus, 
Ohio 

BBCRHTART —G. S. Rbrrbn, The Seagravc 
Corp., Columbus, Ohio 

DETROIT 2nd Fri. 

CHAIRMAN —G. J. Prirbrl, 878 W. Oakridge, 
Perndale, Mich. 

BBCRBTARY —G. N. SiBORR, S-M-S Corp., 1165 
Harper Ave., Detroit 11, Mich. 

THE MAHONING VAUfY 3rd Thurs. 

CHAIRMAN—A. W. Waldo, Youngstown Weld¬ 
ing fit Bn|. Co., 3700 Oakland Ave., Youngs¬ 
town, Ohio 

BBCRBTARY —H. Ross Strohbckbr, Youngs- 
town Welding & Eng. Co., 3700 Oakland 
Ave., Youngstown, Ohio 

NORT HWE ST ER N. PA. 

CHAIRMAN —C. W. Lyttoh, The Lincoln Elec¬ 
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BBCRBTARY —R. D. Latmah, The LibbI 
Electric Co.. 200 Divirioa Ave., N.. CtU 
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W. J. Brooking, Vice-Prestdent, c/o 1 
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CHAIRMAN —T. U. Lbwis, 3824 nUaoa 
Louisville, Ky. 
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CHAIRMAN—W. G. Pabbmacht, BcHdit P)| 
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South Bend 15, Ind. I 
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CHAIRMAN—G. F. Mbyrr, Ifackissrr 
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CHAIRMAN—Alfebo A. Walo, 2010 Pis^ 
Rd., Peoria 4, 111. 
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Ave., Peoria, 111. 
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WICHITA Nd M 

CBAIBMAN— B. A. BosnARp, The CsUi 
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Wichita 1, Kan. 

SBCRBTARY- AlVIR CoTRRT, BoX 173. 
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F. A. Longo, ^^'President, c/o 
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T. H. 

LOB ANGELES 3rd Thun. 
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KnlABi St., Honolulu, T. H. 
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CHAiBMAH—C abl Lodbli,, Tnining Dept., 
Kniter Co. Inc., Vencourer, Wnsh. 
•BCBBTABY—Paul Kou.bbbo. Industrial Spe- 
ctalties Co.. 940 S. B. 7th Ave., Portland 14, 
Ore. 


PUGET SOUND Last Wad. 
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<d Washington, Seattle. 5, Wash. 


SAM FRANCISCO LMt PW. 

CHAIBMAN — Lbo Bbbnbb, JonhuA Hendy Iron 
Works, Sunnyrale, Cain. 

•BCBBTABY —R. B. Labaob, VictoT Bt^pnent 
Co., 844 Folsom St.. San Francisco, CalU. 


TACOMA 

CHAIBMAN—Got Waaoo, 1220 DiristoB Ave., 
Tacoma 3, Wash. 

SBCBBTABY—BoD Ohlbb. Bud's Welding 
Supply ft Repair Service, 944 Market St., 
Tacoma 3, Wash. 
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was published a tranriation of the most com- Orders may be placed now. Price $1.00. 
prehensive book yet available on Flash Welding. A limited edition will be printed. 
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...we tried ’em all- 


Yessirl Alter looking over Hobart's "Practical 
Design ior Arc Welding/' we decided that, weld* 
ing was exactly what we needed to step-up our 
production of civilian goods ... to better meet 
competition. Our first thought was to purchase 
equipment, but something told us better ... so we 
hired experienced welding operators first . . . 
weldors that were welding long before the war 
began and really knew their business. Well sir I 
They chose Hobart "Simplified" Welding, so we 
newcomers followed suit, however, I must admit 
we had Hobart in mind right along. You know, 
management is a pretty good judge of equip¬ 
ment, its lasting qualities, etc., and Hobart's 
design sold us . . . the experienced weldors only 
confirmed this decision. They liked the welding 
qualities.. .we liked the lasting qualities, we're 
all satisfied and wouldn't have any other make. 


We Chose HOBART WELDERS 


• We here at Hobart suggest that you 



IHOBART 


do the same . . . try "Simplified" 
Welding on that difficult welding 
job . . . see for yourself why it is the 
fastest selling welder on the market. 

HOBART BROS. CO., BoxWJ.11S,Trey, Ohio 


Handy V«tt 
Pe<t<et Guid* for 
Wslderi. Con. 
tain* Tobla*. 
Charii, ond eihor 
valuabla infer-' 
fliatlen that avory 
walder can v»a. 
Sond for it todoyl 
(/•• CeupenI 


A lattar Rad far Every fwrpa** 

sw K*b«H laboratori** Aak* rod* lor 

oach apocilic lob. It 
proved ~ perfected — order Kebarl 
Clectredea end yeull usder* 
tlond why ibey're the choice 
' *« ihoee who want quality. 

Write lei year price Uai- 


IK' 



HOBART BROS. CO., BOX WJ.11S, TROY, OHIO 


Ploott tand mo mero information on Ihti "Practlcel Doiign 
for Arc Woldlng” that I’vo boon Soaring lO mvcS about. Alto, 
inclvdo information on Itom* chocked below oi well <■ « 
copio* ''Wolderi' Guido." 



^ □ 

Elociric Drivo Woldor 

Q Coioirno Drivo Woldor 


^ □ 

Woldlng Conoroler Only 

Q A. C. Trentformor Woldor 

NAME 




POStTION 

ritM 


I 


e of the World's Lorgesf BuUdets of Arc Wotdort'* 


Aooness. 


Digitized by 
















TheJournaloftheiiinericanWeliling Society 

PuLUikmi ^0^ tUm iUe Scimnce and WeldiM/f 


W. SPRARAGEN, Editor 


CONTENTS 



NOVEMBER, 1945 

VOLUME 24 NUMBER 11 * 


OmCERS—1945-1946 
pTMldmt. W. F. HESS 
rint Vto*-PrMid«nt. H. O. HILL 
SMond ViM-PrMld*nt. O. N. SIEGER 
Tmmumt, O. B. d. FRASER 
S*e r > tM fy, M. M. KELLY 
T*ehnio«l 8 «cr«t*yy, L. M. DALCHER 
Acting Technical Saorataiy, SIMON A. 

GREENBERG 
Dlctriet Viea-Praaidanta 

Dictriet #1 (New York 3t New Engl«nd}^F. 
W. DAVIS 

Dlctriet fZ (Mid>Ewtarn}—W. G. TREIS* 
INGER 

Dictriet f3 (Southern)—SYDNEY SWAN 
Dictriet fi (Centrel)—B. L. WISE 
Dictriet /8 (Mid-Weetem)—R. E. MeFARLAND 
Dictriet /6 (Mid>Southem)—M. A. BARRETT 
Dtotrict n (Woctem)^^. F. SANDER 


COVER 

100 Octane Gasolina Unit oi 
Standard Oil Company oi Cali> 
iomia. Curtesy Chicago Bridffe 
A Iron Company. 


ISSUED MONTHLY 

Copyright 1945. by 
The Amerioen Welding Society 


TECHNICAL PAPERS, 


The Application of Pressure Weld¬ 
ing to the Manufacture of Aircraft 
LandingGear, by E. R. Proctor. 1011 

Discussion by E. P. Jones. 1015 

Discussion by Alfred Z. Boyajian... 1016 

Current Welding Literature. 1017 

Maintenance and Repair of Oil Pipe 

Lines, by Oliver Wildman. 1019 

Statement of Ovmership of The 

Welding Journal. 1021 

War-Proved Advances in Low- 
Reactance Cable, by Myron 

Zucker. 1022 

Economics of Arc Welding, by 
Walter J. Brooking. 1027 


ITEMS AND REPORTS 

Application of Capacitor Discharge 
to Welding, by H. J. Bichsel 

and J. R. Parsons. 1035' 

Welding of Propulsion Shafting, 
by Hugo W. Hiemke and Com¬ 
mander James C. Blake, USNR.. 1040- 

Welding of Combat Vehicles, by 

1st Lt. L. M. Dalcher. 1046- 

Emergency Repair of Magnesium 

Parts by Gas Welding. 1051 

Welding of LST's at Seneca, Ill., 
by L. C. Stiles. 1053- 

Determination of Labor Costs in 
Electric Arc Welding, by J. L. 

Cahill. 1060- 


SOCIETY AND RELATED ACTIVITIES 


Twenty-Sixth Annual Meeting 

American Welding Society. 1064 

American Welding Society Elects 
H. C. Boardman to Honorary 

Membership. 1064 

David Schenck Jacobus Made 

Honorary Member. 1066 

INDEX TO ADVERTISERS. 1068 

American Welding Society Gives 
Double Honor to J. H. Deppeler. 1070 
Lincoln Medal Awarded to Leon 

C. Bibber. 1072 

Resistance Welding Prize Papers.. 1074 

27th National Metal Exposition. 1082 

Board of Directors Meeting. 1084 

Postwar Instructions of Arc-Welding 

Operators. 1084 

Oroning Address 25th Anniversary 
Meeting Chicago Section by C. 

G. Bassler. 1086 

Welding New Osntainers. 1090 

Silbraz Joints. 1090 

Aifeo Welding Accessories. 1090 

Special Length Boiler Tubing Tailor- 
Made by Oxyacetylene fVessure 

Welding. 1090 

Wallner Promoted. 1090 


Eye Protection. 1092' 

Thermit Welding of Ship Frames... 1092 
X-Ray Inspection and the Atomic 

Bomb. 1092- 

Sustaining Member. 1092' 

L. W. Clark Promoted. 1092 

By-Law Amendments. 1092 

Employment Service Bulletin1094 

Resistance Welders Pamphlet. lOM 

Bronze Welding Bulletin. 1094 

New Products. 1096 

Boedecker Appointed Welding 

Engineer. 1100- 

Boundaries Approved by Board of 

Directors. 1102 

27th Annual Meeting American 

Welding Society. 1102 

Section Activities. 1104 

New Members. 1108 

Annual Report on Activities of the 
American Welding Society Year 

Ended Sept. 30, 1945. 1112 

Gas Range of Tomorrow. 1118 

Lukens Steel Names Brown to Head 

Pittsburgh Office. 1118 

Cmnmujiication to the Society. 1118^ 


WELDING RESEARCH SUPPLEMENT 


Subacriptioiu SS.OO par raar in Unitad Stataa 
and poaaaaaions: Foraign Countrlaa 97.00. 
Slngla oopiaa, non>it\ambara 9.79; Spaeial 
laauaaOfltobar and Daeambar 91.(X): mambara 
90 oants 

Entarad aa aaoond-«laaa mattar danuary 16. 
1933, at tha poat^offioa at Eaaton, Pa., undar 
tha aet of Mareh 3. 1679. 

PUBLICATION OFFICE 
20th St Northampton Straata. Eaaton, Pa. 

EDITORIAL AND GENERAL OFFICES 
33 Waat 39th St.. Naw York IB, N. Y. 

Tha Soaiaty ia not raaponaibla for any atata- 
mant mada or opinion aapraaoad in ita publi* 
eaitiona. Parmiaaion ia givan to raprint any 
artiola aftar ita data of publication proridod 
propar oradit ia glran. 


The Straining of Deposited Weld 
Metal During Cooling, by E. 

Paul DeGarmo. 561-8 

Spectroscopy Applied to Ferrous 
and Nonferrous Materials, by 

Wm. J. Poehlman. 564-8 

Predoctoral Fellowships in the Na¬ 
tural Sciences. 572-s 

Weldability Tests of Cast Steels, 
by Frank S. McKenna and Clar¬ 
ence E. Jackson. 573-8 

Joint Hearings Scheduled on 

Science Bills. 579-s 

Notes on the Conditions of Fracture 
of Medium Steel Ship Plates, by 
D, F, Wlndenburg, Ph.D. and 
(Captain W. P. Roop, U.S.N. 580-8 


Some Causes of Brittle* Failures in 
Welded Mild Steel Structures, 
by H. E. Kennedy. !.... 588-3 

Research Corporation Offers $2,- 
5(X),CX)0 for Postwar Collegiate 
Research. 598-8 

Fatigue Properties of Flash Welds, 
by H. J. Grover, R. W. Bennett 
and G. M. Foley. 599-s 

The Relation Between the Hydrogen 
Content of Weld Metal and Its 
Oxygen cOntent, by L. Reeve.. 618-8 

Welding Research, by C. A. 

Adams. 624-8 


Digitized by i^ooQle 






















































- The Journal oi - 

The American Weldinff Society 

VOLUME 24 NUMBER 11 NOVEMBER, 1948 


The Application of Pressure Welding to 
the Manufacture of Aircraft Landing 

Gear’ 


By E. R. Proctor* 


W HEN man first discovered metals and meth¬ 
ods of refining, he was quick to take advan¬ 
tage of them for construction purposes. From 
the earliest times, metals and their uses had a direct 
bearing on the progress of civilization. As human 
knowledge developed, the practice of science changed 
from striving to convert all base metals to gold, and was 
directed into the field of improvement and development 
of metals and alloys that could be used in the interest of 
progress. 

By the Nineteenth Century, man had reached the point 
of being completely dependent on metals for his well 
being. Many metal working processes were available 
by that time, but joints of metal were still rather crude 
and bulky, with the resultant limitations in design. 

In view of the present, almost universal use of the 
Oxyacetylene Welding process, it is difficult to realize 
that the entire commercial development of the process 
has taken place within this century. 

Early in the Twentieth Century, a tool which has 
proved its worth in the present conflict and also in the 
last war, was presented to. metal workers and manu¬ 
facturers who were quick to adopt and develop its 
many uses and applications. 

First used in simple welding, largely for repair pur¬ 
poses, the growth in the scope of application to all types 
of construction has been phenomenal. Welding rods, 
fluxes and techniques have been developed to such an 
extent, that today practically any metal may be joined 
by welding, with excellent results. 

Welding is usually considered a fusion process. The 
edges to be joined are melted by suitable means of heat¬ 
ing, and flow together with or without the addition of 
other metal, and are joined by the solidification of this 
molten bond that has been caused to flow between them. 

Within the past few years, a new process of welding 
has been made available to industry. This process known 
as “Oxyacetylene Pressure Welding” is a semiautomatic 
process, and has been discussed in several published 
articles.* The process has been used for some time in the 
welding of railroad rails and overland pipe line. A theo¬ 
retical discussion of the metallurgical and physical as¬ 
pects of this type of welding was included in the “Com- 


* Scheduled for the Twentv-SUth Anntial Meeting, A.W.S., October 1945. 
t Development Engineer, Menaaco Manufacturing Co., Burbank, Calif. 



Fig. 1—Welding Head in Operation on 6-In. Machine 


fort A. Adams Lecture” given to the American Welding 
Society in 1944.* 

Oxyacetylene Pressure Welding differs from all other 
gas welding processes, in that the weld is made, not at 
liquid or fusion temperature, but by coalescense of the 
grains across the weld interface at subfusion tempera¬ 
tures, under the influence of controlled temperature and 
pressure. The weld is accomplished by abutting the 
clean square faces of the two sections to be welded under 
a specific pressure and heat which is applied by means of 
a multiple flame head (Fig. 1) which directs heat at the 
weld plane until upsetting occurs. 

The completed joint 1^ a definite bulge or upset at 
the weld, varying in height with the thickness of the 
metal being welded. The process is ideally adapted to 
semiautomatic or fully automatic control, and is there¬ 
fore capable of a high degree of uniformity and ac¬ 
curacy. 

The method used to control the quality of the weld ob¬ 
tained by this process is of great importance, as upon 
proper control depends the consistency and quality of the 
welds produced. To understand the control methods, 
it is necessary to understand the entire welding proce¬ 
dure. 

In the commercial application of the process, the ends 
to be welded are machined to a smooth, clean surface. 
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lig. 2—^Iii. Welding Machine; Capacity 6 Sq. In. of 

Aiea 

For the average low-carbon steel, the principal require¬ 
ment is cleanliness. 

The opposing pieces are lined up carefully, after which 
the welding pressme is applied. The blow pipe, or heat¬ 
ing head, is lighted and adjusted to predetermined gas 
pressures. After the metal reaches approximately the 
welding temperature, the metal parts start to upset 
gradually. The process continues with the temperature 
gradually increasing, during which time a predetermined 
degree of upset is produced, then the flames are extin¬ 
guished and the end pressure relieved. 

Discussion 

During 1941, the major aircraft manufacturing com¬ 
panies were carrying on experimental and research work 
in the use of butt welding applied to the manufacture of 
landing gears, in order that a considerable reduction in 
weight could be achieved. To expedite the program, 
and bring the best qualified personnel into it, the major 
landing gear manufacturers were requested to also in¬ 
vestigate the possibilities of butt welding. 


The first pressure welds to be examined were made by 
the Hydril Corp. of Los Angeles. These welds were ex¬ 
amine and tested by the Menasco Manufacturing Co. at 
Burbank, Calif. The results pointed out that the process 
had possibilities in advancing the art of landing gear 
design, and would improve the manufacturing methods 
used. Consequently, a research and development 
program was instituted by Menasco Manufacturing Co. 

In order to differentiate the process as applied to the 
aircraft industry from the process as it is being used com¬ 
mercially, the name “Uniweld” has been adopted by the 
Mepasco Manufacturing Co., to identify ^e type of 
■pressure welding that is in use in the manufacturing of 
landing gears. 

The preliminary investigation was made with speci¬ 
mens that were welded on an experimental welding ma¬ 
chine (Fig. 3) which was constructed for temporary use. 
Machine design from an engineering standpoint was 
started in the early stages of the program. The result 
of this engineering study is a complete range of welding 
machines that are capable of welding tubular joints in 
sizes ranging from 1 in. diameter up to and including 20- 



Fig. 4 —16-In. Welding Machine; Capacity 100 Sq. In. Weld 
Area 



Fig. 3—Experimental Welding Machine 


in. diameter tubular joints. The production 6-in. weld¬ 
ing machine is shown in Fig. 2. 

In studying an ideal cyde of this welding process, it 
will be seen that the instantaneous temperature of the 
specimen, the rate of temperature rise, the time, the total 
gas flow and a degree of upset with its attendant shorten¬ 
ing of the specimens, are all variables. By the same 
token, they provide values that may be measured and 
may he used as means for ihdicating the progress of the 
weld. However, consideration from a practical stand¬ 
point indicates that other factors enter which woiUd 
lessen the degree of reliance that could be placed on 
some of the possible methods of control. For instance, 
a draft of cool air may affect the time required to raise 
the metal to a predetermined temperature, or the origi¬ 
nal tem|>erature of the steel might vary over a considerable 
range. These variations exdude the use of total gas con¬ 
sumption or total time as a means of control. 

Temperature measurement has not proved a reliable 
method of measuring the progress of the wdd. However, 
the degree of shortening or amount of upsetting of the 
metal at the joint under conditions of constant pressure 
and heat input have proved to be an excdlent means of 
measuring the progress of the wdd, and also an entirely 
satisfactory method of control. It is a rdatively simple 
matter to control, by electrical means, the amoimt of 
shortening in the parts being wdded, therefore, this meth¬ 
od is being used universally as a means of control. 

In the development of wdding controls that would 
make possible the consistent duplication of wdds that 
would meet the stringent requirements of the aircraft 
industry, it was obvious that more accurate means of 
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Iig. 5—^Tube Shown in Petition ior Testing 


control must be used than those which were in general 
use throughout industry. 

It was pointed out in the discussion of the procedure of 
the welding process, that the ends to be welded were 
machined to a smooth surface. The necessary quality 
of end preparation was found to be dependent on the 
composition of the base metals being welded, and the 
expected strength efficiency of the weld. For the high 
carbon and more particularly the alloy steels, very close 
mating, as well as rig^d adherence to deanliness, must be 
observed if 100% efficient welds are to be produced. 
During the investigation, it was found that by depending 
on pressure regulators alone in the oxygen and acetylene 
lines, it was not possible to consistently reproduce flame 
conditions that were acceptable. In order to overcome 
this deficiency, flow meters were installed on the down¬ 
stream side of the pressure regulator, and adjustments in 
the flame were made from the flow meter readings rather 
than the pressure regulators. In this manner, it was 
found possible to consistently duplicate flame conditions 
and pnxiuce acceptable welds. 

After finding it possible to consistently produce welds 
that would meet the strength requirements, the next 
problem encountered was that of developing an accept¬ 
able inspection method. At the present time, an inspec¬ 
tion method consisting of machining and magnetic 
inspection is being us^ with a relatively dependable 
correlation of results. This method of examination 
consists of the acceptance of the theory that the weld 
progresses from the exterior to the interior of the section 
being welded. It is assumed that if, by removing a por¬ 
tion of the internal upset and magnafluxing, and no indi¬ 
cations were seen, then the weld would be of good 
quality. To further insure that any poor weld zone 
would not remain, the remaining upset is then removed. 

Because of the fact that the major stresses in landing 
gear occur in bending, it was decided to use bend tests 
of full size sections as a means of evaluating welds. The 
quality of the weld must be such as to meet the follow¬ 
ing requirements. 

1. Bend test specimens shall be loaded in bending to 

approximately the yield point (based on the 
ANC5 Modulus of Rupture Chart for strength 
of tubes in bending) in four positions 90° apart. 
The test load shall be sustained in each position 
for 30 sec. 

2. Each specimen, after proof loading in four posi¬ 

tions, shall be loaded to failure. An internal 
magnetic indication shall be located on the 
tension side when loading to failure. 


3. Fifty per cent of acceptable bend test specimens 

shall not show failure in the welds. 

4. No bend test specimen shall be acceptable when 

failure is below 90% of the average ulti^te load 
of all the bend test specimens that fail outside 
the weld. 

5. No bend test specimen weld failure shall be ac¬ 

ceptable when such failure is below the average 
of all acceptable bend test specimen failures. 

6. Test loads shall be corrected for tensile strength as 

indicated by Brinell hardness. 

How well these conditions are being met can be seen 
by the tabulated results of three different size welds that 
are given in Tables 1,2 and 3, and also the resulte of a test 
production run of 100 parts in which all specimens ex¬ 
hibited the required strength. 



Table 1—5.065-In. O.D.: 

r Wall 

Speci¬ 

men 

Approxi¬ 
mate 
Tensile 
Strength. 
Psi. X 

.—Modulus of Rupture,— 
Psi. X 1000 

Parent Test % Parent 


No. 

1000 

Metal 

Result? 

Metal 

Failure 

149 

180 

220 

260 

118 

Buckling 

150 

175 

213 

247 

116 

Buckling 

151 

180 

220 

258 

117 

(fc^owed by 
weld failure) 
Buckling 

176 

180 

220 

258 

117 

Buckling 

177 

175 

213 

256 

120 

Buckling 

179 

180 

220 

252 

115 

Buckling 

180 

180 

220 

255.5 

116 

(followed by 
weld failure) 
Buckling 

181 

180 

220 

255.5 

116 

Buckling 

183 

180 

220 

259.5 

118 

Buckling 


e 






Table 2—2 V»-In. O.D. x ‘/••-In. Wall 

Approxi¬ 

mate 


Tensile -—Modulus of Rupture,— 


Speci¬ 

men 

Strength, 
Psi. X 

Parent 

Psi. X 1000 

Test % Parent 


No. 

1000 

Metal 

Results 

Metal 

Failure 

TO208 

182 

270 

292 

108 

Buckling 

T0221 

182 

270 

292 

108 

Buckling 
(followed by 
weld failure) 

T0222 

182 

270 

289 

107 

Buckling 

T0223 

182 

270 

290 

107 

Buckling 

T0224 

182 

270 

285 

105 

Buckling 

T0225 

182 

270 

291 

108 

Buckling 

T0226 

182 

270 

291 

108 

Buckling 

T0227 

182 

270 

286 

106 

Buckling 

T0228 

182 

270 

285 

105 

Buckling 
(followed by 
weld failure) 


Table 3—5-In. O.D. x -In. Wall 


Soecimen Ultimate 



Test 

% Army 

No. 

Tensile 

Mo- 

Ma- 

Modulus 

Army 

Modu- 


Strength 

ment 

chine of Rupture Modulus 

lus of 

> 

(Psi.) by 

Arm 

Load, 

/- Mc/\. 

of Rup- 

Rup- 

Rockwell “C” In. 

Lb. 

Psi. 

ture, Psi. 

ture 

T0469 

192,000 

21'A. 

112,250 

279.500 

232.000 

120 

T0471 

192,000 

21Vi» 

111,500 

277.500 

232,000 

119 

T0473 

192,000 

21716 

111,750 

278,250 

232,000 

120 

T0474 

192,000 

21Vi6 

112,000 

279,000 

232,000 

120 

T0475 

192.000 

21Vi6 

111,500 

277,500 

232,000 

119 

T0477 

192,000 

217ie 

111,250 

277,000 

232,000 

119 

T0478 

192,000 

21Vii 

112,250 

277,000 

232,000 

119 
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(6) Tests for hardness, tensile strength, ductility and 
impact shall be made only at the option of and as specified 
by the customer and shall not alter the bend test speci¬ 
men procedure. 

(c) An acceptable metallurgical test specimen shall 
be completed before proceeding with the bend test speci¬ 
mens. 


Bend Test Specimens 

(a) Bend test specimens shall be Uniwelded in ac¬ 
cordance with the recorded data of the approved metal¬ 
lurgical test specimen. 

(&) Bend test specimens shall be symmetrical about 
the weld plane and shall have a span depth ratio of 6 to 8. 

(c) In case the upset is completely removed and the 
wall thickness reduced, the comparable bend test speci¬ 
men shall be machined to the same dimensions as ^e 
flight weld. 

{d) In case the wall thickness of a flight weld remains 
as-welded with the internal and extern^ upset partially 
removed, the comparable bend test specimen upset 
height shall be reduced by machining to within a dis¬ 
tance from the original w^ before upset equal to 10% 
of the wall thickness but not to exceed 0.015 in. 

(tf) In case the wall thickness of a flight weld remains 
as-welded with the external upset partially removed but 
the internal upset remaining as-welded, the comparable 
bend test specimens shall be machined as specified in 
paragraph d, and two extra specimens shall be machined 
to the ffight weld dimensions and tested. 

Testing 

The specimens must pass the requirements referred 
to under the quality of the weld. 

One of the developments made as a result of this weld¬ 
ing research is a laboratory method of examination that 
can* be applied to other types of welding. 

It is a well-known fact that oxygen in solution near the 
surface of a sample of steel tends to prohibit further oxi¬ 
dation. It is also known that strong alkaline solutions 
with the addition of certain anions ^1 produce an oxi¬ 
dized film on the surface of steel and that this film is 
prohibited from forming by the presence of sufficient 
oxides in solution at such a surface. It was suspected 


Metallurgical Test Specimens 

(fl) Visual and microscopic examination of 
the metallurgical test specimens: 

1. Flow lines shall not show shs^ folds. 

2. Weld shall show no cratering or burned 

areas extending below the clean-up 
depth. 

3. The tube shall show no signs of belling. 

4. Structure recovery shall be complete after 

twice reheating the weld above the 
critical temperature. 

5. Examination of the weld plane zone at 

high magnification shall show a struc¬ 
ture typical of a satisfactory weld. 

6. Evidence of internal fissure shall not be 

fotmd at a depth greater than the fin¬ 
ished flight weld I.D. 


7-r-CroM Section of Chip Taken from a Poor Weld Showing White Zone. 
Magnification 100 X 


Fig. 6—Chip Cut from Internal Upaet of Uniweld. Magni* 
fication 4 X 


The general procedure used to develop the technique 
for a particular weld is as follows: 


Test Specimens 

(а) Uniweld test specimens shall be made for pre¬ 
liminary research in the following sequence before flight 
welds are produced: 

1. Metallurgical test specimens. 

2. Bend test specimens. 

(б) Uniweld test specimens shall be made for each 
size and condition of &ght weld. 

(c) Each test specimen shall be so numbered for 
identification that any flight weld may be produced 
under the exact conditions as recorded from the accepted 
test specimens. 

(d) All pertinent data for each test specimen shall 

be recorded by a member of the Metallurgical Dept, 
and shall include the following: • 


1. Date. 

2. Operator. 

3. Uniwelder adjustments. 

4. Heating head size. 

5. Heat number identification of steel. 

6. Basic outside diameter and wall thickness 

at the section to be welded. 

7. Condition of weld faces. 

8. Alignment of weld faces. 

9. Size and condition of chamfer. 

10. Weld time. 

11. Gather. 

12. Weld number. 
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was discussed in the theory presented on the 
detection of oxides in steel. 

Figure 8 shows the last portion removed from 
the weld in which there is no indication of a 
poor weld or oxides present. This is conclusive 
evidence that the weld will pass any tests to 
which it may be submitted. 

It is very interesting to note the weight-sav¬ 
ing possibilities of this process as applied to 
the manufacture of landing gears. In the de¬ 
sign of a landing gear for an airplane weighing 
1^000 lb., the original gear weighed 201 lb., 
and the gear that was welded by this process 
only weighed 150 lb., or a saving of 51 lb. The 
average weight sav^ by incorporating Uni¬ 
welding into landing gear design has been in 
all cases at least 20%. Simplified design is 
shown in the clean lines of the experimental 
gears that have been designed and built by 
Menasco Manufacturing Co. with the use of 
this welding process. 

Summary 


Jig. 8—CroM Section of a Chip Taken from a Good Weld Showing 
Abeence oi Any White Zone. Magnification 100 X 


that the weld plane of a poor weld contained a high oxy¬ 
gen content and in a sense represented an area already 
oxidized. With this in mind, it was thought reasonable 
to try using strong alkaline solutions containing various 
'anions as an etching agent. A cross section of the weld 
when etched with such a reagent should form an oxide 
coating, in general, but not on the weld plane of a poor 
weld since this weld area had previously been oxi^ed 
and therefore would prohibit oxide formation on it. A 
complete analysis and discussion of this theory which was 
devdoped by the Menasco Laboratory is s^eduled for 
publication at an early date. 

If it were possible to examine the weld plane without 
destroying the welded assembly, we would have an ideal 
inspection method. It was found that by removing a 
continuous chip of steel (Fig. 6) from the upset on the 
inside of the weld, and by cutting this chip through the 
center, that it was possible to examine the weld plane 
progressively from the inside of the weld to the last por¬ 
tion remov^. 

Figure 7 shows the cross sections as seen with a poor 
welded zone which can easily be detected by the white 
zone present that has been brought out by the etch that 


When the entire story of the application of 
pressure welding can be told, it will be seen 
that the contribution to the war effort has been 
tremendous, not only in the saving of weight on military 
aircraft, but in the speeding up of many o^er operations 
throughout the war industries, where quality and accu¬ 
racy of welding is of prime importance. 
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DISCUSSION 


By E. P. Jozies* 


Mr. Proctor's ably prepared paper, covering the use 
of the still somewhat new pressure welding process in the 
manufacture of aircraft landing gear, presents many 
points of interest to the welding field. The development 
of this application parallels to some extent work carried 
out by the writer and his associates of the Pressure Weld 
Co. on overland pipe lines, and so proved of particular 
interest. 

Naturally, any process which can effect substantial 
savings in weight in the manufacture of aircraft assem¬ 
blies will be welcomed by the aircraft industry. How¬ 
ever, in order to produce assemblies in quantity, the 
process must be relatively automatic, leaving little to 
operator skill. In order to achieve both of these re¬ 
quirements with a welding process on high-strength, alloy 


Fig. 9—Forging Uniwelded to Tubular Momber • PreMuru Weld Co., Hon«ton 2, Tex. 
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aircraft steels, the Menasco Manufacturing Co. has 
overcome considerable in the way of obstacles. In the 
writer’s opinion the most significant attainment in this 
development was the establishing of a method of weld 
quality control acceptable to the aircraft industry and to 
the United States Army. 

To date, no convenient and thoroughly reliable non¬ 
destructive test has been developed for use with the 
pressure welding process (or for any welding process, for 
that matter). The destructive tests developed for fusion 
welds are not well adapted to the pressure welding process 
either, having been developed to reveal faults known to 
occur in the fusion type of weld joint. 

The pressme weld, being formed at subfusion tem¬ 
peratures, automatically eliminates many of the faults 
of the fusion weld, such as porosity, inclusions, laps, 
pipes, fish eyes, etc. By so doing, it has also eliminated 
X-ray and gamma-ray inspection as a means for deter¬ 
mining weld quality. Other inspection methods such as 
the magnetic types, show promise; but to date have not 
proved thorougUy reliable. 

As the result of the above, close control of the factors 
producing the pressure weld were necessary, supple¬ 
menting these as closely as possible by metallurgical 
examinations and destructive tests on full size specimens. 
In this connection, the use of the calculated value for the 
modulus of rupture of the tubular specimen, as a basis 
of acceptability of the welded assembly, has consider¬ 
able merit. By testing the full size specimen in simple 
bending, all sections of the weld are stressed in a manner 
which approaches the loading applied to the assembly in 
service. Any test which can be applied, similar to serv¬ 
ice loading, gives proof that is hard to dispute. 

The methods described for controlling conditions dur¬ 
ing the welding operation, are somewhat standard for ma- 
rhin e pressure welding setups, except for the use of flow¬ 
meters in the oxygen and acetylene lines. These pro¬ 
vided more sensitive control of gas flow than could be 
obtained with standard method of regulation. The 
writer has witnessed, however, cases of extremely close 
gas flow control where extra stages of regulation were 
added to the standard type of gas regulators. 

The use of the electric limit switch for controlling the 
end point of the pressure weld cycle has become standard 
practice for pressure welding machine operation. On 
overland pipe pressure welding, the amount of upset 
formed on the inside of the pipe is of much importance 
from a flow restriction standpoint, and must be con¬ 
trolled to close limits. The electric method has proved 
quite successful for this, by providing accurate, uniform 
control. 

Many tests have been made on pressure welds in an 
effort to determine the nature of faults produced by im¬ 
proper welding conditions. The results of these tests 
indicate that the usual defect generally appears as lack of 
welding at the extreme inside edges of the weld interface. 
While easily corrected, this condition is sometimes diffi¬ 
cult to detect without resorting to destructive tests. The 
use of nick-break fractures is made at frequent intervals 
in pipe-line work. This allows visual examination of the 
grain structure throughout the cross section of the weld, 
and any lack of penetration is revealed at once. The use 
of the chip examination by Menasco apparently pro¬ 
duces excellent results without the necessity of destroying 
the welded assembly in the process. However, this pro¬ 
cedure undoubtedly requires close control of machining 
operations in order to yield satisfactory test specimens 
each time. 

To summarize this discussion, it appears to the writer 
that the Menasco Manufacturing Co. and £. R. Proctor 
have employed every opportunity to establish a sound 


basis for the manufacture of aircraft landing gear, utiliz¬ 
ing a relatively new welding process to its best advan¬ 
tages. 


DISCUSSION 

By Alfred Z. Boyajian* 

As pointed out by E. R. Proctor, Uniwelding offers 
many important advantages when used in the fabrication 
of aircraft landing gears.* Most important of these ad¬ 
vantages are: 

1. Saving of weight. 

2. Saving of production time. 

3. Saving of manufacturing costs. 

4. Greater flexibility in basic design. 

With advantages such as these, this welding process is 
bound to find widespread application in aircr^t design. 

However, in considering the advisability of using a 
butt-welded joint in a landing gear, the airplane designer 
must take into account the following factors in addition 
to the above. A butt weld comprises the entire strength 
of a joint and it must work at very high stresses (200,000- 
350,000 p.s.i. bending modulus of rupture) with relatively 
small factors of safety. Also, such a joint is not subject 
to simple visual inspection procedures which are satis¬ 
factory for conventional telescoping and bolted landing 
gear joints. Therefore, the airplane designer’s chief con¬ 
cern is the reliability of the weld. He must feel that 
each and every production weld will have satisfactory 
strength characteristics, with the emphasis on “each 
and every weld.’’ There can be no exceptions nor even 
doubtful cases. 

For these reasons it is gratifying to note that through¬ 
out his entire paper Mr. Proctor has used as a basis 
discussion a high standard quality control. Beginning 
with the design of a Uniwelding machine and its con¬ 
trols, and proceeding with weld sample preparations, 
welding operation, qualification run and the inspection 
of finished production Uniwelds, Mr. Proctor has kept 
in mind the final objective of 100% consistency of flight 
welds. 

Somewhat delaying the widespread adoption of butt 
welding by the aircraft industry is the fact that a depend¬ 
able inspection procedure of a finished production weld 
still remains to ^ conclusively demonstrated. Ordinary 
inspection methods have so far proved inadequate. Mr. 
Proctor throws light on a new inspection method con¬ 
sisting of a metallographic examination of the weld 
metal. This method is not only very interesting, but 
appears to have considerable merit. It is imderstood by 
this writer that Menasco Manufacturing Co. has already 
used this method with a high degree of success in a num¬ 
ber of cases. However, it is not known at this time 
whether or not for practical reasons the metal chip can 
be sectionalized at intervals as frequently as necessary. 
Nor is it known whether or not this metal chip will reveal 
the presence of small cracks at or near the plane of the 
weld. 

Regarding the inspection problem, this writer, ad- 
mitt^y not a metallurgist, offers the following sugges¬ 
tions purely as a layman for whatever merit they may or 
may not have. It is suggested that perhaps there are 
several types of weld d^ects and that perhaps no one 
inspection method is adequate for all types of defects. 
For example, it is common knowledge that magnetic in¬ 
spection very often reveal defects in the weld. Also 
very often it fails to reveal the presence of other defects. 

* Stnieturet Project Engineer, Republic Aviation Corp. 
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This indicates that magnetic inspection is good as far as 
it goes, but is incomplete because the nature of the defect 
apparently varies beyond the capability of this inspec¬ 
tion. 

Therefore, for a beginning it is suggested that perhaps 
all weld defects may be classified broadly into two gen¬ 
eral types, making necessary two types of inspection. 
One type of weld defect is that characterized by the pres¬ 
ence of cracks, or fissures, or physical discontinuities at 
or near the surface of the weld. This type of defect may 
be detected by magnetic inspection, "black light" inspec¬ 
tion and by any other method that will reveal physical 
discontinuities. 

The second type of weld defect is one which has physi¬ 
cal continuity, but one where the material in the weld 
zone has experienced deterimental chemical and/or 
metallurgical changes. This type of defect may be de¬ 
tected by some means of metallographic examination of 
the weld metal structures such as the one Mr. Proctor 
suggests. 

Since each type of weld defect dfccurs at irregular fre¬ 
quency, either singly or in combination, possibly neither 
type of inspection will be complete in its^. TTierefore, 
bath types of inspection may be necessary, each supple¬ 
menting the other. 

The static test method of a butt-welded joint outlined 
by Mr. Proctor, wherein a whole weld specimen is tested 
by bending successively in four directions,!s one of the most 


rugged tests conceivable. By this test there is little or 
no chance for a small weld defect to go by undetected. 
If a small defect existed in the periphery of a weld, by 
the system of rotation.outlined by Mr. Proctor, this de¬ 
fect would eventually find itself on the tension side at or 
near the extreme fiber in bending where it will' greatly 
influence the total strength of the welded joint. Su(^ 
sensitivity to a defect would not exist in standard pull 
test specimens. 

The amount of bend test samples preparatory to a 
production run and the type of final inspection will in 
time be dictated by experience when a good statistical 
background becomes available. 

In closing, this writer who is somewhat acquainted 
with the background of research which was necessary to 
develop the Uniwelding process, can say that a great deal 
of credit goes to Mr. doctor and to Menasco Manu¬ 
facturing Co. They have spent a vast amount of time 
and effort to develop new welding equipment, to isolate 
and determine the ^ect of many important factors in¬ 
fluencing the qualities of butt-welded joint, and to 
develop satisfactory inspection techniques. That they 
have been successful in their endeavor to produce con¬ 
sistently good welds is evidenced by the fact that in a 
recent survey of butt-welding processes for aircraft 
landing gears, their Uniwelding process showed by far 
the greatest strength consistencies, and actually they 
proved to be in a class by themselves. 
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vol. 41, no. 7 Quly 1945), pp. 666-669,673. 

Bridges, Steel Truss, Australia. 438-Ft. Span Welded Truss for 
Hawkesbiu^ River Rood Bridge, V. Karmalsky. Instn. Engrs. 
Australia—J., vol. 17, no. 3 (M^. 1945), pp. 41-49. 

Bridges, Steel. Continuous Welded Steel Bridges, D. B. Arm¬ 
strong. Roads & Bridges, vol. 83, no. 7 (July 1945), pp. 43-44,88. 

Carbide Cutting Tools, Brazing. Preventing Cracks in 
Cemented Carbide Tools, W. Newcomer. Machine Tool Blue 
Book, vol. 41, no. 7 (July 1945), pp. 281-282, 284. 

Cars, Freight, Gondola. A^mbly-Line Fabrication of Gon¬ 
dolas. Ry. Mech. Engr., vol. 119, no. 7 (July 1945), pp. 283-285, 
291-292. 

Car Wheels, Welding. Cost of Refacing Worn Car Wheel 
Flanges Reduced by 60 Per Cent, F. Strawbridge. Industry & 
Welding, vol. 18, no. 7 (July 1946), pp. 96, 98-99. 

Cement Plants, Maintenance and Repair. Welding in Cement 
Mill, T. B. Jefferson. Welding Engr., vol. 30, no. 8 (Aug. 1945), 
pp.44-46. « 

Chromium Nickel Steel, Testing. Austenitic Weld-Metal— 
Tensile Tests and Microscopic Examination,' K. Winterton. Iron 
& Steel, vol. 18, no. 8 Quly 20,1945), pp. 339-340. 

Cutting Tools. Atomic Hydrogen Welding of Cutting Tools, 
E. N. Simons. Industry & Welding, vol. 18, no. 4 (Apr. 1945), 
pp.30-31,94-96. 

Cutting Tools. Perishable Tools on Firing Line, W. A. Johnson. 
Tool Engr., vol. 14, no. 10 (May 1946), pp. 24-27. 

Diesel Engine ^^ntenance and Repair, Welding. Repair of 
Heavy-Oil Engines, L. J. Sidler. Diesel Ry. Traction (Supp. to 
Ry. Gaz.), no. 158 (July 1945), p. 64. 

Electric Networlu. Unbalanced Supplies from Three-Phase 
Systems, G. W. Stubbings. Power & Works Engr., vol. 40, no. 
469 (July 1945), pp. 149-150. 

Electric Welding, Aliuninum. Welding as Important Tool in 
Aluminum Fabrication, W. J. Conley. Aluminum & Magnesium, 
vol. 1, no. 11 (Aug. 1945), pp. 28-31. 

Electric Welding, Arc—Accident Prevention. Some Safety 
Factors in Arc Welding, R. F. Wyer. Ry. Eng. & Maintenance, 
vol. 41, no. 7 (July 1945), pp. 670-673. 

Electric Welding, Arc, Aluminum. Arc Welding Pure Alu¬ 
minum, F. H. Keating. Welding Engr., vol. 30, no. 9 (Sept. 
1945), pp. 42^3. 

Electric Welding, Arc. Are You Using Carbon Arc Welding. 
Industry & Welding, vol. 18, no. 6 (June 1945), pp. 52-66, 59-^. 

Electric Welding, Arc. Deep Penetration Welding on Plates 
Over .350 In. Thick, D. M. Kerr. Inst. Welding—Trans., v^. ^ 
no. 3 (Aug. 1945), pp. 109-111. 

{Continued on pc^e 2039) 
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There's plenty of action ahead for 
fast-thinking industrial leaders in 
putting over the new Victory Loanl 
Yoiu: Victory drive is important be* 

cause: 

EVERY ViaORY BOND HELPS TO 

J Bring our bo 3 rs back to the 
America for which they were 
wilUz^ to give their livesi 
2 Provide the finest of medical 
care for our wounded heroesl 

BOOST THE NEW F.D. ROOSEVELT 
MEMORIA H200 BOND I 

Urge all your employees to buy 
this new Franklin Delano Roosevelt 
Memorial $200 Bond through your 
Payroll Savings Plan! At all times 
better than ready cash, Victory 
Bonds are industry's ^’Thanks" to 
our returning heroes! 

START YOUR VICTORY DRIVE 
TODAY! 

Every Victory Bond aids in assur* 
ing peacetime prosperity for our 
veterans, our nation, your employ* 
ees—and your own industry! 


re not over! 

E VICTORY 

LOAN! 



Tie Treasury Department acknowledges with appreciation the publication of this message by 


AMERICAN WELDING SOCIETY 


This is an official U. 5. Treasury advertisement prepared under the auspices of the Treasury Department and Var Advertumg CouneS 



I. 


1018 


THE WELDING JOURNAL 


NOVEMBER 















Maintenance and Repair of 
Oil Pipe Lines* 

By Oliver Wildmant 


T he work involved in repair and maintenance of 
oil pipe lines is not affected greatly by contraction 
or expansion due to wel^g. Practically all 
welding is done with A.W.S. E6010 cl^ electrodes. The 
gas-welding process is used in very little maintenance and 
repair work. It is not my intention to convey the idea 
that procedures and methods of repair mentioned in this 
paper are used by all pipe line companies. Since a pipe 
line must extend from an originating point to its des¬ 
tination, covering terrain of different composition and 
jvofile, no two maintenance or repair jobs entail the same 
procedures even though the cause of the injury is the 
same. It has been acceptable for our foremen and weld- 
•ers to devise and work out the various methods required 
to maintain and repair the lines as safely and permanently 
as possible. 

An oil pipe line consists of two main parts, the gather¬ 
ing system and the distributing or main line system. 
The gathering system can be broken down into two parts 
which are branch lines and main gathering lines. These 
gathering lines are the arteries of ^e fields through which 
the oil is transported to a main line station. The size 
of the pipe used depends on the size of the field it serves 
and the length of the line. In this district we have 
approximately 500 miles of pipe in the gathering and 
main line systems ranging in size from 4 V 2 in. O.D. to 
14 in. O.D. 

A branch line, usually 50 to 1000 ft. long, from the 
main gathering line to the producers’ tanks consists of 
all pipe, connections and fittings outside the stopcock 
on the tank. The line is connected at the tank with a 
union (screw-end type) or a bolted coupling using a 
rubber gasket. The check valve and block gate valve are 
usually screw-end type valves. Replacing impaired 
gaskets is done by unbolting the coupling, placing a new 
gasket, and bolting the coupling again. ^Tien a valve 
becomes corroded or worn it is cut out of the line, nipples 
are screwed into each end of a new valve, and it is welded 
into the line. Since it is possible to block the oil at each 
end of a branch line, there is little or no oil to contend 
with on any work done on these lines. 

This company gravitates probably 90% of the oil run 
in its gathering system. This enables them to use 
lighter weight pipe (due to the low pressure) and few 
booster pumps and pumpers. Pressiue on the few gather¬ 
ing lines located where a pump is needed does not ex¬ 
ceed 300 psi. Most of the main lines are pumped from 
station to station under pressure from 300 to 1200 psi. 

^ce gravity lines follow the profile of the coimtry, 
they are laid in whatever soil formation is encountered 
in construction of the line. These lines may go through 
old oil well slush pits or alkaline formations, or salt water 


* Scheduled for the Tweaty-Shcth Annuel Meeting, A.W.S., October 194A. 
t Welder, Texee-New Mexico Pipe Line Co. 


pits may be constructed near the line from which water 
seeps down to the pipe. Close watch is kept on the pipe 
in ^e vicinity where these conditions are Imown to exist. 
Breaks in the dope and paper allow moisture to come in 
contact with the pipe. \\Tien the chemicals from the 
moisture and the soil reach the pipe, it becomes corroded. 
This corrosive reaction is known as “pipe line bugs.” 
These “bugs” work as far as the moisture follows the 
pipe, leaving it with rusty pits or grooves. Sometimes 
they may run in a straight line down the pipe or they 
may attack it in its whole circumference. 

Corrosion is sometimes the result of one of two kinds 
of electrolysis, electrochemical (galvanic action) and 
stray electric current. The predominating factors in¬ 
volving electrochemical electrol 5 ^is are soil with high 
moisture content and two dissimilar (or sometimes 
similar) metals coming in contact with one another. This 
is usu^y distinguished from other types of corrosion by 
the clean shiny pipe surface in the corroded area which 
will darken and ox^ze rapidly on exposure to the atmos¬ 
phere. This condition ntay be corrected either by remov¬ 
ing the line to a new location or by doping the pipe, 
wrapping with a tar base paper and doping over the 
paper, thus insulating the pipe. 

Electrolysis from stray electric current causes pits 
each time the current leaves the line. A pipe line is an 
excellent conductor of electricity. However, fianges with 
gaskets between them or other connections on the line 
may act as resistors to the flow of current. Some soils 
conduct electric current easily so the current leaves the 
pipe, following the line of least resistance, taking a piece 
of metal with it. Electric current does not harm the 
pipe as it enters but only as it leaves. The action of this 
phenomenon is irregular in leaving the pipe inasmuch as 
the resistance encountered may vary in the locality in 
which this electrolytic corrosion is found. Where the 
least resistance is fotmd, the area affected is smaller 
but the pits are larger and deeper than where the re¬ 
sistance is greater causing a larger area of pipe to be pit¬ 
ted. To prevent recurrence of electrolytic corrosion by 
stray electric current, 2-in. pipe is laid from the pipe line 
to a pit filled with scrap iron several hundred feet away. 
One end of the 2-in. pipe is welded to the pipe line and 
the other end is laid into the scrap iron pit. Finally the 
small line and scrap iron are buried, affording a groimd 
in which to dissipate the current to prevent its return 
to the pipe line. 

To repair the dam^e done by the “bugs” or by 
electrolytic corrosion, excavation is made arotmd the pipe 
until good pipe is found. The deteriorated section is 
cleaned, spot welded with the electric arc, re-doped, and 
fresh dirt is hauled in to refill the ditch. 

When the deterioration is found on one section of the 
pipe and running in a straight line, the pipe looks as 
though a gouge had been run along its surface, running 
off its course at times and taking a deeper bite in a few 
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places. When this condition is found, a half sole is used 
to cover the affected portion of the pipe. A piece of 
equal diameter pipe is split longitudin^y, then clamped 
tightly to the line and welded along the edges and the 
ends. The pipe is cleaned and re-doped in the ditch, 
leaving no chance to break the dope in handling the pipe. 
Where the half-soling method is used and fresh dirt is 
hauled in to fill the ditch the corrosive reaction seldom 
continues. 

Another method of combating corrosion in alkaline 
formations or when salt water accumulates is to excavate 
the pipe and clean it. H-frames are then constructed 
and set in the ground across which the line is laid above 
the ground. Usually the pipe is cut out of the line at 
each end enabling the welder to do all recondition 
welding in a flat position. The reclaimed pipe is then 
welded back into Uie line and re-doped. 

In New Mexico oil fields, few roads have been con¬ 
structed. Usually they are made by driving from the 
nearest point on a road to the place you wish to reach. 
When traffic demands become great enough, a road is 
built, usually crossing a pipe line. This requires lowering 
and casing the line to a s^e depth through the right-of- 
way. The ditch is deepened and if it is possible to dis¬ 
continue the use of the line for a short time, it is cut at 
one end and a pipe of larger diameter is slipped over it. 
The line is then welded back and a vent is installed at 
each end of the casing outside the right-of-way after 
which the ends of the casing are sealed. If a leak occurs 
inside the casing, the oil is forced out through the vents 
and is easily seen from the road by passers-by. If, due 
to the amount of oil being run, it is impossible to take 
the line out of service, the casing is cut in half longitu¬ 
dinally and the pieces are then placed around the pipe 
and welded together. All oil companies require the 
casing of oil pipe lines through a camp site. 

Running scrapers to clean the lines is one of the most 
important jobs in combating interior corrosion in a pipe 
line. A scraper consists of one or more rubber disl^, 
metal brushes, metal rowels. The disks force sediment 
and water in the pipe ahead of the scraper. The brushes 
clean the pipe walls of scale and paraffin. The brushes 
are usually placed between the two disks or ahead of the 
disk if there is only one. The rowels or rollers are on 
arms which are shoved out against the pipe wall by 
springs. These arms serve as a guide for the scraper and 
as it moves through the pipe the line walker can hear it, 
enabling him to know its location at all times. He 
follows it from the time it is put into the line in the send¬ 
ing trap, a by-pass constructed and welded into the line 
to form a pocket, until it reaches the receiving trap, a 
by-pass similar to the sending trap. * 

^metimes a scraper gets stuck in the pipe. If it is 
not possible to force it through with a pump and another 
scraper, the line is cut and the scrapers and obstruction 
are removed, and the line is welded again. The reason 
for running ^e second scraper when one is already in the 
line is to determine the exact location of the first scraper, 
since it may change position before the repair crew can 
get there. 

If, due to the amount of oil being moved, it is not 
possible to take a line out of service while a lodged scraper 
is being removed, connections are welded to the line on 
either side of the scraper. Gate valves are placed on the 
connections and the line is tapped with a tapping ma¬ 
chine. A by-pass is thus constructed around the clogged 
portion of the line and service is resumed without loss of 
oil. 

During the present labor shortage, maintenance is a 
very important task. Lack of maintaining gathering 
lines or main lines leads to tmexpected repairs. Repair 
jobs interrupt a construction or maintenance job that 


might be under way. A spot of welding in time and at the 
right place would save oil, labor and expense, but since 
it is impossible to foresee these emergencies, sometimes 
a pipe line needs repairs. 

Holes in pipe are responsible for the majority of the 
repairs that we make. These are caused by interior or 
exterior corrosion, or both. Interior corroaon can 
hardly be found by inspection so must become a repair 
before it is known to exist. A stream of oil comes bub¬ 
bling out of the ground and starts nmning over a rancher’s 
grass land, or in some sandy country where it is almost 
impossible to use ordinary transportation, or it may break 
by a road that is frequently or infrequently used. It is 
possible that the leak may be found soon after the oil 
appears. If it is not found soon, oil run reports show a 
shortage and investigation will be made. The line 
walker or rider may find the trouble. 

The repair of a leak is practically the same regardless 
of where it occurs. The pipe must be excavated, the 
leak found, and the oil stopped by some temporary 
method such as wooden plugs until a permanent repair 
can be effected. After the oil is stopped, and the excava¬ 
tion is completed, the pip)e is cleaned and inspected to 
determine the type of clamp to be used. There are several 
types of repair clamps designed for welded repair. How¬ 
ever, I have found it more practical to take a piece of 
pipe and construct a clamp to suit the repair to be made 
bt^ause sometimes the pipe is deformed. After the clamp 
is secured to the pipe, a safety zone is established in the 
area of the repair to be made by cleaning the bell hole 
and covering the oil with fresh t^. Then the clamp is 
welded to the pipe. 

Occasionally a hole is burned in the pipe di™g welding 
operations. If the line is full of oil, th& oil will spray 
out causing a fire. If the welder will run the rod into the 
hole, it will shut off most of the oil and the fire watchers 
can extinguish the burning oil with sand or dirt. Then 
the extra repair can be made by belling one end of a 
section of pipe so that it fits snugly against and over the 
end of the patch that is being wdd^ on. The welder 
places a small gasket in this patch to cover the hole, 
clamps it with a U-bolt and proceeds with the repair. 
The use of welding clamps or patches is standard as they 
leave the inside of the pipe free from obstruction. 

Following the repair of a leak, disposal must be made 
of oil that has not soaked into the ground to prevent live¬ 
stock from drinking it. If a leak occurs on grass land 
and the grass is dry, it must be covered with fresh dirt 
to prevent a grass fire. Where material damage to 
property is not involved the oil is burned. Otherwi^ 
it is completely covered with soil. Damages are paid 
to the property owner because it will be many years be¬ 
fore vegetation will grow in oil-saturated soil. 

Gravity lines are laid in a graded ditch. Sometimes 
it is impossible to keep sags out of the line and in these 
low places water and sediment collect inside the pipe. 
This is the beginning of a leak caused by interior cor¬ 
rosion. The leak is repaired and soon another hole may 
come a short distance from the first. When this has 
occurred several times, the line is excavated and levels 
are taken on this section of the line. The pipe is cut at 
its high points, removed from the ditch and cleaned, 
after which it is thoroughly inspected for holes. If any 
are found they are repaired. The pipe is then turned 
one-half over, the original top now the bottom, and 
welded back into the line. Levels are taken again. 
This section is graded to give it the same de^e of fall 
as the rest of ^e line. This type of repair is possible 
because a gravity line fully loaded has a very low pres¬ 
sure. Water cannot settle in the pits inside the pipe 
which are now on top, and the oil will act as a retarding 
agent to the corrosive action. There is not enough 
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pressure to rupture the pipe in its weakest point on the 
top, so in reality you have the equivalent of a new line 
and the expenditure is only labor, whereas if new pipe 
were laid, cost of the new pipe and the welding of the 
new section would be involved. 

Lines laid with screw-end pipe become loose in the 
couplings or perhaps a thread breaks off. When this 
occurs on the gathering lines the coupling is welded at 
each end, eliminating one joint; if it occurs on the main 
lines carrying a high pressure, a patented collar sleeve is 
used. This sleeve is made of two pieces of pipe of larger 
diameter than the line to be repaired, and swaged on 
each end to fit the pipe, long enough to extend across the 
coupling. The lower piece of this sleeve is drilled and 
tapped and a piece of ’/ 4 *in. pipe is inserted enabhng the 
wdder to run the leaking oil away from the immediate 
vicinity of welding operations. After the sleeve is 
Tvelded the */« pipe is replaced by a threaded plug 
which is welded to effect a completely welded repair. 

After screw-end pipe is remov^ from its present service 
it is beveled and used again in an all-weld^ line. 

Safety is most important in our work. Fire is the 
greatest hazard, and every fweeaution is taken to prevent 


it. During welding operations clean soil is sprinkled on 
the small fires that may start from oil seepage in the 
bell-hole. Dirt is used to extinguish fires caused from 
burning through an pil-loaded line unless it gets out of 
control, then CO 2 type extinguishers are used. The 
welder is the only man allowed in the bell-hole during the 
welding operations. We always use pipe cutters to 
make ^e initial cut on a closed line. Then if other cut¬ 
ting or welding is to be done, each end of the line is packed 
wi^ mud. However, if a section of pipe is to be removed, 
that section is left open. 

We have found it safe procedure any time a line is cut 
to weld a connection on the upstream end of the pipe 
about 500 ft. from the place where welding operations 
are in progress. Then the line is tapped and a man is sta¬ 
tioned at this connection. It is the duty of this man to re¬ 
port any undue amount of oil flowing down the line at this 
place. This makes it possible to take any safety pre¬ 
cautions that may be necessary to protect the welder or 
other men working in the bell-hole. 

During the past three years no member of the main¬ 
tenance and repair crew in this district has suffered a 
time-lost accident. 
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War-Proved Advances in 
Low-Reactance Cable* 


By Myron Zucker^ 


M any war-time “gim-welder” jobs have made 
such severe demands on welding cables that the 
pace of improvements in cable has been rapid. 
This conation applies especially to low-reactance water- 
cooled cables, which were dr^ted into the munitions 
program even though they were not altogether physically 
fit. The technical details by which the interleaved type 
of cable has been brought from a prewar semi-experi¬ 
mental accessory up to the present stage of commercial 
product, are of interest to the welding industry as a basis 
upon wUch to judge its peacetime value, ^me of the 
test methods by which various features were compared 
and improved may also be useful to engineers in select¬ 
ing cables for particular applications. 

We will consider changes that affect cable flexibility, 
weight, life, rating and o&er characteristics of the inter¬ 
leaved type low-reactance gun-welder cable made by 
Mackworth G. Rees, Inc. 

A. Flexibility .—Ease of bending and twisting is of 
prime importance to the welding operator. It may be 
measured by means of an “overhang” test (Fig. 1) and 
a twisting test (Fig. 2). Table 1 gives values for some 
key designs. (In ^ cases, higher numbers mean greater 
flexibility.) The current design of interleaved ^ckless 
Cable compares favorably in flexibility with two ordi¬ 
nary conductors in their water-cooled hose coverings. 

1. The main improvement in flexibility is credited to 
a better outer covering. After trial of several construc¬ 
tions for the hose, each of which had some drawback, 
the present three-layer hose was adopted: steam-hose 
stock inside, wear-resistant stock outside (naturally not 
as good as is anticipated when the rubber industry is less 
restricted), and a fabric reinforcement that is braided on 
the inner hose while still on the mandrel. The reinforce¬ 
ment is the key to the flexibility of the hose: it is essen¬ 
tial that the threads be of the right size and braided 
around the inner layer of hose with the correct pitch, 


* Scheduled for Twenty-Sixth Aanuel Meeting, A. W.S., October, 1945. 
t Meckworth G. Rees, Inc., Detroit. Mich. 



The deflection from horizontal is measured as the cable end 
hangs free. For comparison between cables, the terminals must 
be the same. 



The force is applied one foot frcxn the axis of the cable and the 
cable is twisted 90*. 


separation and tension. That the hose manufacturer has 
learned how to do this is shown by the satisfactory 
service the hose has given despite the admittedly poor 
rubber substitutes available. The greater strength of 
reinforcement allows a thinner section of rubber to be 
used, and this also adds to the flexibility. 

2. Use of larger water-outlet openings has contrib¬ 
uted somewhat to increased flexibility, because of lower 
water pressure in the hose. Although this is not a major 
factor with the type hose now used in Kickless Cable, 
the effect of water-insert size is given in Table 2 for the 
light it may throw on other cases. 


Tabl# I—-Cable Flexibility 

Flexibility of Light-Duty (267 Mem) Rees Interleaved Cable 
30 Psi. Water Pressure; 6-Ft. Inlet Hose 

--Stage-- 

Prewar Early War 1945 

Bending: 

Inches deflection in 1-ft. overhang. 

Type 2-21 terminals (2.5 lb.) 


No water 

3.8 

3.5 

7.5 

Normal water flow 



7.2 

Cable outlet plugged 

Twisting 



6.3 

Degrees twist per foot-pound of 
twisting force 

6-Ft. Cable: 

No water 

33 


53 

Normal water flow 

31 


45 

Cable outlet plugged 

15 


22 

8-Ft. Cable: 

No water 

45* 

40* 

65 

Normal water flow 

36* 

30* 

43 

Cable outlet plugged 

15* 

24* 

25 


*Average of clockwise and counterclockwise values. On these 
cables, there was usually about 50% more flexibility in one direc¬ 
tion than in the other. In modem cables, clockwise and counter¬ 
clockwise values are practically the same. 
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Tabl* 2A—ES»ot of Wator Insort Siao on Watar Rato and Proasuro in Cabla 


Supply Water Pressure: 30 Psi. 

Water Hose to ^ble: 10 Ft. of Vrin- I.D. Rose 

Cable: lO-Pt. Li^t-Duty Kkkless Cable with Regulating Gasket 

Water Hose from Cable (Where Used): 10 Ft. of Vrlo- I.D. Hose 


-‘/rln- I-D. Insert- 

Water Pressure 


Water Outlet Size 

— ^/rln. I.D. Insert- 

Water Pressiue 


-No Inser t - .— 

(‘A-In. I.P.S. Opening) 

Water Pressure 
ater Inside Cap 


Inlet Size: 

‘/»-In. I.D. Insert 

Rate 

Inlet 

Outlet 

Rate 

Inlet 

Cutlet 

Rate 

Inlet 

Outlet 

No hose on outlet 

1.5 Opm. 

10 Psi. 

8 Psi. 

1.75 Gpm. 

3 Psi. 

1 Psi. 

1.7 Gpm. 

2 PsL 

0.3 Psi. 

With hose 
*/4-In. I.D. Insert 

1.2 

17 

15 

1.7 

5 

3 




No hose on outlet 




3.7 

10 

4 

4.0 

6 

1.3 

With hose 

i.6 

2k 

25 

3.1 

15 

10 





3. In early cables, flexibility decreased radically 
with as the rubber separator and core "grew” under 
the influence of hot water. Since one of the essentials 
to the flexibility of interleaved cable is the ability of each 
conductor rope to move fairly independently in its own 
compartment (Fig. 3) the tight packmg that resulted from 
swollen rubber mined the flexibility after usage. This 
has been remedied by selection of stable synthetic sepa¬ 
rator and core material, so that now the cable remains 
flexible throughout its Ihe. 

The current design of cable, with these points added 
to the natiu^ flexibility of the sf^alled, interleaved 
design, has been accepted by some users as more flexible 
than the two ordinary cables they have replaced. 

B. Weight. —1. Weight has been lowered slightly 
by use of the better hose, since—as mentioned above— 
thinner walls are used. In early years of the war, heavy- 
duty hose weighed 0.9 lb. per foot; now it weighs 0.67 
lb. per foot. 

2. When weight is the dominating point, it can some¬ 
times be minimized by use of the smallest possible cable. 
Prewar cable life was so short and rating tmcertain 
enough so that on heavy jobs it was necessary to use 
cables of generous size. Now, with proved application 
charts available, it is sometimes possible to decrease 
weight—and incidentally increase flexibility—by select¬ 
ing a smaller size cable. (This must not be overdone, 
since it is at the sacrifice of both life and electrical effi¬ 
ciency.) 

For example, suppose we want the lightest possible 
8-ft. cable for a gun that welds two sheets of 14-gage 
clean low-carbon steel at the steady rate of 30 spots per 
minute. Is a light duty (267 Mem) cable adequate? 



Fig. 3—Cross Section of Interleaved Type Cable 


Table 2B—Oompariaon of Water Rate and Presaiu?e in 
Prewar su\d Cizrrent Kickleea Cable 

Supply Water Pressure: 30 Psi. 

Water Hose to Cable: 3 Ft. of ‘/i-In. I.D. 

Cable: 6-Ft. Light-Duty Kickless Cable 
No Hose on Outlet 


1945, with Reg^ting Gasket 
and New Design of Water 


I.D. ot inlet insert 

Prewar 

0.125 

0.125 

Inserts 

0.191 

0.25 

I.D. of outlet insert 

0.125 

■ 0.126 

0.250 

0.25 

Rate of water rfoxs—gal¬ 
lons per minute 

Inner wires 

0.7 

1.5 

2.1 

2.6 

Outer wires 

2.5 

1.4 

1.9 

2.4 

Total 

3.2 

2.9 

4.0 

4.0 


Facts upon which to base a decision are the current and 
time to be used in making the weld. For this example, 
we will take from Table 3 (a condensation of the A.W.S. 
suggestions which appear^ as Table 8, page 314-s in 
the July 1944 Welding Joijrnal) a ciurent of 14,000 
amp. applied for 17 cycles. 

First consider the sdection of cable size from the view¬ 
point of heating. The duty cycle factor corresponding to 
17 cycles “on” time, 30 spots per minute continuoi^y, 
is (17 X 30)/3600 = 0.142. (3600 ap^ars here because 
it is the number of cycles per minute in 60 cycle power.) 
Compare this required duty factor of 0.142 with the per¬ 
missible factor of 0.18 obtained from Fig. 4, for a light 
duty cable $ ft. long, carrying 14,000 amp. 

In this case, the light-duty cable, if properly supplied 
with water, will not overheat. Advantage may be taken 
of its lightness and flexibility even on this apparently 
heavy job. * 

This may involve an increase in transformer size— 
for, as Fig. 4 shows, an 8-ft. light-duty cable takes 10 
volts and the heavy duty only 6.5 volts to pass 14,000 
amp. Assuming that the transformer secondary volt^e 
equals cable volts plus 5 volts to send 14,000 amp. 
tluough weld, tool and transformer, we see that a trans¬ 
former secondary of 11.5 volts would be sufficient if 
heavy-duty cable were used, whereas 15 volts will be 
needed to produce 14,000 amp. if the light-duty cable is 
installed. 

If lightness and flexibility are paramount and ample 
transformer capacity is on hand, it is perfectly “legal” 
to use the lighter cable. 

C. Life .—No representative figures can be given for 
cable life, since war production has prevented large-scale 
tests sufficiently weU controlled to give accurate results 
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Tabus 

Excerpt from Tentative A.W.S. Emergency Standard for Spot 
Welding Low-Carbon Steel. Published as Table 8 on pa^ 314-s of 
"Mechanical Characteristics of Resistance Welds in Plain Carbon 
Steel,” by W. Sprararen and M. A. Cordovi, The Welding 
J otniNAL, July 1944. tentative standard also includes electrode 
size and shape, minimum weld strength and electrode force, diam¬ 
eter of fused zone, weld spacing, and overlap.) 


Thickness of Thinnest Outside 

Weld Time, 

Approx.' 

Piece 


Single Impulse 

Current, 

"T” In. 

Gage 

(60 per Sec.) 

Amp. 

0.010 

32 

4 

4,000 

0.020 

26 

6 

6,500 

0.030 

22 

8 

8,000 

0.040 

20 

10 

9,500 

0.050 

18 

12 

10,500 

0.060 

16 

14 

12,000 

0.080 

14 

17 

14,000 

0.094 

13 

20 

15,500 

0.109 

12 

23 

17,500 

0.125 

11 

26 

19,000 


that take into account the variables of construction and 
usage. A few examples, however, indicate the improve¬ 
ment with respect to ordinary cables and early-war inter¬ 
leaved cables (Table 4). 

1. Perhaps the greatest factor in lengthening the life 
of Kickless Cable is the choice of seamless neoprene tube 
instead of the cemented separator formerly used. Before 
this, a large percentage of failures were at the edge of 
the cemented overlap: removal of this weak point has 
effected noticeable increase in cable life. 

2. Emplo)Tnent of nonswelling synthetic separator 
and core has improved life. The sw^ing of old cables 
previously discussed under “Flexibility” frequently got 


so bad that water circulation was practically stopped, 
and cable burned out. This has not occurred since 
synthetics have been adopted: an example of where 
synthetics are better than natural products. 

3. Another important point is increased water flow 
obtained by a redesign of water inlet and outlet. About 


Tabu 4->CabU Ufa 

Cable life is measured here according to cable-months per cable 
failure. That is, if 50 guns are operating for six months and there 
are 30 cable failures during that time, cable life is 50 X 6/30 — 10 
months. This method of stating cable life is crude, since it does 
not account—among other things—for the number of shifts worked 
per day, the severity of the job as determined by current and rate 
of welding, degree of biding or cooling conditions. It is, however, 
as accurate as the method of recording justifies; and if comparisons 
are made of cable on the same job, the figure does fulfill its purpose 
of showing the advance in cable life over a pmod of time. 

Life --Principal Cause of Failure-• 

Job Ratio* Early War Present 

Steel truck frame 6t (Shredding copper) Separator 

Assembly of mill- 2.8 Overheating inner Operators neg- 

tary vehicles wires lect to tiun on 

water 

Railroad car panels 10.0 Failure at terminals Separator 

Reinforcing bus 3.5 Overheating inner Wear outer hose 

frames wires; breakdown 

cemented separator 

Light military ve- 10.7 Overheating inner Wear outer hose 
hide bodies wires; breakdown 

cemented separator 

Farm equipment 3.0 Choking from swell- Separator 

ing 

* Ratio of present life to life of cable on same job in early years of 
war. 

t Compared with ordinary single cables. 




80% of the water pressure is absorbed at these points 
rather than in the length of the cable. Smoothing and 
slightly enlarging the paths results in greater water flow. 
(This is easily measured by seeing how long it takes the 
outlet water to All a 3-gal. pail or a quart bottle to which 
it is diverted. Table 2A shows the effect of size inserts 
and 2B compares the old design with new cables and 
fittings of various sizes.) The hose fittings are furnished 
as standard parts of the cable and users are advised to 
check rate of water flow periodically to make sure they 
are running adequate water. This is a vital factor in 
maximiun cable life and economy. 

Many users of Kickless Cables have added still more 
to cable life by increasing the size of water-hose on their 
own initiative from the usual V 4 to Vrin. I.D. At the 
same time, they are-careful to install large fittings so as 
not to restrict water. Although ratings are based on 2 
gpm., it is not uncommon to find 5 gpm. pouring through 
a light-duty cable in operation. 

4. One practical detail that has radically increased 
cable life in some cases is a better understanding of 
methods of hanging the cable. 

Users have realized that hanging low-reactance cable 
requires careful thought, not only to assme the operator 
a convenient position of the gun, but also to have a 
tniTiitn tiTn of constrictions in the cable hose. It has been 
found that life is materially lengthened on all welding 
cables by supporting them only at the terminals. In 
those cases where the center must be suspended (as in 
Fig. 5) care is taken to keep the pull to a minimum and 
to provide a soft sling or shaped clamp around the hose. 
This minimizes local heating at the point of suspension. 

Also, modem practice calls for running the cooling 
water “uphill.” This is especially important on cables 
that have been looped as in Fig. 3, because this practice 
overcomes the tendency for air to become trapped at the 
high spot. Formation of air pockets is not permissible, 
since one reason for the success of this t)T)e of cable is 
the excellent cooling of all conductors by the water that 
contacts practically every strand. Air did become trapped 
and cables failed prematurely when water ran down the 
cables. The newer scheme of running water upward 
tends to carry away the air and restore normal water 
cooling. 

Incidentally, this water circuit usually permits shorter 
drain hose, which decreases pressure in the cable (see 
Table 2A) with resulting slight advantage in flexibility 
and cable life. 

5. Another detail of operation rather than design, is 



Fig. S—Looped Cable 


There are some applications in which the middle of the cable 
must be raised. In these cases it is especially important to run the 
cooling water “uphill.'' 



12 3 4 


COOLING VAATER — GALS.PeR MIKL 
Fig. 6—Losses Depend on Water Flow 

Decreased power loss from running more water through cable 
in a typical application. This principle applies to ordinary cable 
as well as the two types of low-reactance cables ccsnmercially 
available. The smaller losses not only lower the transformer tap 
and decrease the power bill, but, more important, they greatly 
increase cable life. 


the method of changing welding electrodes. It has been 
found that many failures were catised by draining the 
cables of water when electrodes were changed, and then 
starting to weld before the cable became filled with 
water again. This is cured by either changing the points 
fast enough to prevent draining much water, or by allow¬ 
ing sufficient time after changing points for the water 
level to rise before beginning to weld. 

• 6. Returning to design, a point closely related to in¬ 
creased rate of .water flow is better distribution of water 
within the cable. It was seen in “autopsies” of old-style 
cables that the wires inside the .separator were frequently 
blacker than those outside. This indicated greater 
heating and consequent softening of the rubber. Tests 
with thermocouples showed this to be true, and estab¬ 
lished that the inner ropes needed 10% more water than 
the outer ones if they were to run at ^e same tempera¬ 
ture. This relation is obtained by use of a regulating 
gasket that properly distributes the water (see Table 
2B). 

7. Use of a premium kind of copper, known as OFHC 
(oxygen-free high-conductivity) increases life. Years of 
experience have backed laboratory tests in demonstrat¬ 
ing that such copper* has longer life than the electro¬ 
lytic copper usually fotmd in cables. Although the 
kickless nature of low-reactance cable removes the major 
cause of fatigue failure, the extra margin offered by 
OFHC against failure from the twisting and bending 
caused by gun manipulation is welcome. The bending 
stresses in interleaved cable are less than those in con¬ 
centric, but still the increased cost of OFHC is justified, 
we believe, by the violent service anticipated especially 
in automotive construction. 

8. Selection of wire-strand size to prevent “needling” 
has eliminated the plugging of water passages that 
plagues supervisors who use ordinary cable and some 
older-style low-reactance cables. Thus, one theoretical 
advantage of Kickless Cable has been brought to reality. 

9. The better hose described before, capable of with- 

* See bibliocrepby in '‘Thermnl Reting of Overheed Line Wire," Tramae- 
tions 62, 601-607 July 1»43). 
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Tabl« 5—Tirpical Ouzi-W«ld«r Jobs with Ught'Duty and Haavy-Duty Cablaa « 

Duty Factor* 

Metal Welding Procedure Appli^ Permissible Cable 



18-18 

12 

360 


Continuous 


0.06 

1.00 

0.06 

0.55 

3 

14,000 

19-18 

6 

30 


Continuous 


0.20 

1.00 

0.20 

0.60 

5 

10,000 

19-20 

4 

20 

60 

16.7 

60 

0.20 

0.68 

0.14 

0.18 

8 

14,000 

18-20 

12 

72 

50 

60 

20 

0.17 

0.95 

0.16 

0.48 

6 

10,000 

20-20 

12 

20 

24 

12 

75 

0.60 

0.57 

0.34 

0.45 

8 

9,000 

22-22 

8 

15 

32 

80 

12 

0.53 

1.0 

0.53 

0.55 

8 

8,000 


Heavy Duty 

0.143 10 6 X 6 - 36t 6 X 12 - 72t 16 18 20 0.5 0.72 0.36 0.49 3.5 17.000t 

0.143 10 9 X 6 - 54 t 9 X 12 - lOSf 15 27 20 0.6 0.84 0.42 0.49 3.6 17,000t 

0.126 11 20 40 10 6.0 72 0.67 0.24 0.16 0.32 4 lO.OOOj 

0.094 13 9 17 80 23 6 0.63 0.8 0.41 0.41 6 15.000 

0.125 11 6 X 4 - 24t 36 10 6.0 60 0.67 0.34 0.22 0.28 5 18,000 

0.060 16 14 20 . 0.70 0.24 0.16 0.32 10 12,000 


* Duty factor is similar to the “duty cycle" commonly used to measure severity of the work. The chief difference is that whereas 
“duty c:^e" is simply the ratio of “on" time to total time, the “duty factor" takes account of the fact that welds are usually made in 
grouf». (See “Rating of Electric Equipment Under Intermittent Lo^," Transactions A J.B.E., Vol. 63, November 1944. A discussion 
of a simpler method of applying this principle to welding is in preparation.) 

There is sometimes a great difference between what a cable will carry under steady welding, and its rating when the welding is done 
in groups. For instance, in the third example under Heavy-Duty cables, “duty cycle" computed in the us^ manner is 0.063—much 
less than the duty foctor. In other cases, the difference may be in the opposite direction. 

t In pulsation welding, the duty factor for a weld equals the “on" time for all impulses in one weld divided by the total time between 
welds. 

t Cable has double water connection at inlet and outlet. 


Standing bending and high water pressure (even though 
pressure in the cable is normally quite low) increases 
cable life. Although the quality of outer rubber is not 
what could be desired at present, it has met wartime de¬ 
mands satisfactorily. It is anticipated that the severe 
abrasive service found in some ci^ian factories will be 
served by the present hose design, when tough rubber is 
again available. 

10. Dependable connections of conductor to ter¬ 
minal are assured by improved manufacturing methods. 
They also eliminate trouble-making bits of solder that 
used to stray down the cable. 

11. Oversize gaskets separating the terminal cap 
from the base prevent premature short-circuiting from 
dirt deposits. 

D. Adaptability to all sizes, styles and makes of guns 
has been enhanced by a wide selection of terminals and 
adapters. 

E. Electrical Resistance. —1. High-conductivity cast¬ 
ings for terminals have decreased their resistance. Pre¬ 
vious ordinary copper castings had about 30% conduc¬ 
tivity, where the current ones have about 80%. In 
many cases this difference is unimportant, but the in¬ 
creased percentage of heavy-current jobs diuing the war 
made it imperative to decrease power loss in the ter¬ 
minals so they stay comfortably cool. 

2. Resistance of conductors is lowered, indirectly, 
by the improved water supply mentioned b^ore. Since 
£opper resistance goes up 3.5% for each 10° F. increase 


in temperature, considerably less power is lost in a cool¬ 
running cable (see Fig. 6). Transformer taps can be set 
correspondingly lower to get the required welding cur¬ 
rent. 

F. Consistency results from use of machine methods 
of making parts and assembling major components. 
Resulting economies of manufacture are sufficient to 
balance the increased cost of the advanced design. 

G. Rating Data .—Commercial laboratory tests yielded 
information from which application charts of Fig. 4 were 
drawn. From these charts, the proper size cable for a 
given job may be selected in advance, taking into account 
both welding ability and welding capacity as defined by 
A.W.S. Such selections have been found correct by 
many actual applications in industry. Table 5 gives 
some details of operations in which the two standard 
sizes of cable have been used. The margin of safety is in¬ 
dicated by the excess of “Permissible Duty Factor” over 
“Applied Duty Factor (complete).” 

These improvements, tested in war production by 
welding operators as well as by supervisors, engineers 
and management, may be said to mark the transition of 
Kickless Cable from the experimental to the commercial 
stage. Applications during the last few years have been 
so varied that nearly every imaginable condition has 
been met and satisfied. The future production of com¬ 
mercial goods may, however, re-direct the emphasis on 
some qualities. The cable manufacturer is interested to 
see what changes may still be called for to yield maximum 
life and economy. 
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Economics of Arc Welding* 


By Walter I. Brooking^ 


T he great extent to which the arc-welding 
method of producing machines and structures in 
modem manufacturing is an indication that it has 
certain inherent advantages Iwth from an engineering and 
from an economic standpoint which cause its wide 
acceptance. The great growth in the amoimt of welded 
products during ^e past years naturally has, to some 
degree, displaced older methods of manufacture. 

In many cases the advantages of welding have caused 
units to be fabricated rather than made of cast iron, 
where often from 20 to 40% saving in weight and in some 
cases special mechanical engineering advantages may 
be obtained. 

In other cases welding has displaced bolted or riveted 
construction where frequently an 8 to 15% saving in 
weight has been accomplished because wdding joins 
edges; whereas riveting or bolting fastens membeire of 
joints which have been lapped over one another, and 
often reinforced with side plates with an attendant bulki¬ 
ness of material considerably greater than the joined 
edges in the welded construction. Greater rigidity and 
superior mechanical function frequently are character¬ 
istics foimd in arc-welded construction as compared to 
bolted or riveted construction which cause the choice of 
the welded method. 

Arc welding of steel structural materials has made it 
possible to produce machines the operational efficiency 
of which is directly attributable to Characteristics of de¬ 
sign which cannot be economically obtained by any other 
means of making the machine. The high-speed tractor 
and earthmoving machine shown in Fig. 1 is an example 
of such a machine. 

Much has been said and much reliable information is 
available upon the flexibility, the economy and the over- 

* Scheduled for Twenty^Sixth Annual Meeting, A.W.S.. October 1945. 
t Director of Testing & Research. R. G. LeTounieau, Inc., Peoria, Ill. 



Fig. 1—This Earthmoving Scxapar and High-Spsod Tractor 
Owe Their Superiority Largely to the Difierence Between 
Arc-Wdded D<^gn and Other Ways ol Producing Machinery 


all practical aspects of the use of arc welding in modem 
manufacture. The case for or against arc welding as a 
means of manufacturing economically has already been 
well described in general terms, supplemented.by the use 
of many specific examples, so it ^1 not be reviewed in 
this paper. 

The purpose of this discussion is pointedly to present 
the relationships of several important factors common to 
all welding applications which greatly affect the total 
cost of the welded structure. These factors variously and 
collectively influence the total cost, and therefore the 
economics, of welded structures depending upon the ^ 
amount of control exercised on these various factors.* 

This paper deals with only eight of the many factors 
effecting ^e economics of welded construction; these 
eight being considered espyecially important and all of 
them so general that they are universal problems in 
welded construction. 


* A more complete coverage of bow to control tbeae factors can be found in 
a recent book by tbe author published by McGraw-Hill Book Company entitled 
“Are Welding Engineering and Production Contr<4.'’ 



Fig. 2—This Axc-Welded Machine Baae Has Been Chosen as 
a Representative Welded Structure for the Purpose of This 
Discussion. This View Represents a Base Made According 
' to the "Normally Attainable Good Practice" Herein Discussed 


Fig. 3—The Same Machine Base as Shown In Ag. 2, But There 
Are 2S% More Inches of Welding on It Due to the Joints Which 
Were Cut and Welded on This Base Instead of Bent, as Shown 
in Fig. 2 
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They are as follows; 

1. Design to reduce the amount of weld metal re¬ 

quired in the structures. 

2. Plan the use of material to reduce scrap. 

3. Use setting up fixtures to eliminate measuring and 

to standardize structures. 

4. Use positioning fixtures to deposit welds in most 

favorable positions. 

5. Use the most economical size of electrode. 

6. Obtain good fit-up of welded joints. 

7. Control the size of welded joints to their proper 

size. 

8. Obtain a good operator factor (use of workman's 

time). 

Method of Illustration and Organization Used for This 
Discussion 

This is a generalized discussion of universal factors 
and in order to provide a sound basis for demonstrating 
the importance of each of the foregoing factors, an 
hypothetical welded structure, the simple welded ma¬ 
chine base shown in Fig. 2, has been selected. 

It is assumed that this machine base is made of arc- 
welded steel in any ordinary welding shop, and that it 
would be made on a mass production basis to make the 
manufacture of them a repetitive process like many 
repetitive manufacturing processes in present-day weld¬ 
ing production. This would assume at least 100 units 
to be made. 

To establish a fundamental basis of comparison, a cost 
of production of this machine base had b^n established 
assuming normally obtainable good welding practice in 
their manufacture. 

With good practice, the bases are assumed to cost 
$100 each, based upon the following conditions, assump¬ 
tions and values.' 

The finished weight of the base is 1000 lb., consisting 
.of 950 lb. of steel and 50 lb. of weld metal. 

1000 lb of steel at ^ per pound, allowing 


5% scrap loss. $40.00 

1.64 hr. setting up time at $1.10 per hour, plus 

150% overhead, (2.75 an hour)... 4.50 

5 hours' cutting, shaping machining and form¬ 
ing time at $1 per average, plus 150% over¬ 
head ($2.50 per hour). 12.50 

50 lb. of deposited weld metal at 86ff per 
pound. 43.00 


Total cost with normally obtainable good 
practice. $100.00 


This cost assumes a 70% continuous work, such as 
arc time and electrode changing time, $1.10 per hour for 
labor for setting up and welding, 66*/i% electrode de¬ 


position efl&ciency, electrode cost of per pound, the 
calculation of overhead at 150% of the labor, and the 
use of electrodes averaging in. in diameter. 

In the interests of clarity and relative simplicity of 
making pointed illustrations which show the value of 
each of the factors discussed in detail, several small and 
relatively minor factors have been disregarded and some 
cost factors have been combined for simplicity. 

An example is the combining of the cost of welding 
electrodes into the cost of deposited weld metal and using 
the cost of deposited weld metal per pound as a basis for 
calculating welding costs. The reason for including 
welding electrodjes in the per pound cost of deposited 
weld metal is that for most of the factors which are 
fundamentally associated with the deposition of weld 
metal, any increase in welding results in an increase in 
electrode consumption and material cost. 

Electrode costs themselves are a small percentage of 
the total cost of the entire structure. However, this 
method of expressing electrode welding cost gives a slight 
expansion of total cost because of the assigning of 150% 
overhead against the electrode cost as well as the weld¬ 
ing labor. This is a relatively small percentage in the 
diagrammatic illustration of the machine base example 
selected for this discussion. 

The basis for calculation in the discussion in each of 
the following paragraphs is given, and in all cases where 
a theoretical approach has been made the basis for the 
calctilation, a stop watch analysis of shop operation has 
been found to compare very favorably with the results 
established by the theoretic^ approach. 

A detailed discussion of each of the eight factors 
follows: 

1 . Design to Reduce Welding and Deposited Weld Metal 

As soon as an organization has committed itself to 
produce a certain type of structure or equipment by arc 
welding, a careful analysis of the design of the unit to 
reduce ^e amount of necessary welding often yields im¬ 
portant economic advantages. Fundamentally, weld 
metal is expensive; and all other factors being equal, the 
welded design with the least weld metal is the best. 

In the case of the machine base postulated in Fig. 2, 
asstuning good welding practice, the side plates and top 
plate of the main base as well as the side plates and top 
plate of the smaller secondary box-like base, are made by 
notching the comers of two appropriately cut plates and 
bending the sides down so that the only welding required 
is the welding up of the comers. 

In Fig. 3 is shown a different method of making the 
same structures which requires more cutting and in¬ 
creases the welding 25% over the design in Fig. 2. Here 
the side plates and top plates are all cut from separate 
plates by shearing or flame cutting and are set together in 
the final setup and welded. This makes welded joints on 
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the top corners of both the main base box and the 
smaller upper box instead of bent comers. 

The relative cost of the normally good practice method 
shown in Fig. 2 compared to the design using more weld¬ 
ing and less bending, is shown in the graph in Fig. 4. 

According to the normally good practice shown in Fig. 
2, the total cost of producing the unit is $100; of which 
welding cost, including labor, materials and overhead, 
amounted to $43 or 43% of the total cost. 

In the design shown in Fig. 3, using several pieces and 
welding them together instead of bending, the welding 
was increased 25%. This represents a total increase in 
the cost of the finished unit of 8.66%. It also increased 
the number of parts in the individual structures from 17 
to 25 and the finished weight from 1000 to 1012V8 lb. 

Not included in this enlarged cost is the increase in 
handling and the increase in set-up time using the less 
economical practice but it is assumed that this increase in 
handling and set-up time is offset by the higher overhead 
cost resulting from bending equipment and fixtures used 
in normally good practice for a mass production quantity 
of such units. 

In this case, the largest saving is the result of the re¬ 
duction of weld metal where 8.66% of the total cost is a 
significant margin compared to the normal net profit of 
manufacturing organizations. 

S. Plan to Utilize Material to Best Advantage 

Fundamentally, steel, as purchased for arc-welding 
manufacture, is a relatively inexpensive material. The 
planning to use it economically, however, provides a 
worth-while margin of economy since in- many cases of 
welded construction, parts are taken from sheets, bar, 
strips or plates, and because of their odd shape, cause the 
scrapping of moderately high percentages of the pur¬ 
chased material. 

To illustrate this point, the normally good practice 
assumed for the machine base in this discussion uses 1000 
lb. of raw steel and by carefully planned consumption 
produces only 5% scrap or 50 lb. as illustrated by the 
cutting of two main parts as shown on the left in Fig. 5. 

Figure 5 also illustrates a somewhat less carefully 
planned use of material where the same two parts are cut 
from standard 1250-lb. sheets instead of 1000-lb. sheets. 
On this general basis of efficiency an additional 250 lb. of 
steel are charged to each machine base. Allowing 1^ per 
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pound scrap value to the additional scrap used there still 
is a total increase of $7.50 to the total cost of the unit or a 
7Vi% increase in the total cost. 

In general arc-welding manufacture, square or regu¬ 
larly shaped oblong parts, such as shown in Fig. 2, nor- 
maUy should be produced with a relatively small per¬ 
centage of scrap. However, in the case of circular or ir¬ 
regular shaped, 25, 30 and even up to 50% scrap is not 
unusual nor is it uneconomical in many cases, but it is a 
source of additional cost, some of which may be eliminated 
by careful planning. 

Figure 6 shows the relationship of the increase of the 
stepl scrap to 25% of the raw material instead of 5% of 
the raw material as described above and demonstrates it 
to be a signific^t figure. It would provide a margin of 
$750 on 100 of these machine bases. 

5. Quick Setting Up Fixtures to Eliminate Hand Meas¬ 
uring 

Any method of mass production which is sound must 
produce a standardized finished product. One of the most 
important contributors to standardized arc-welded 
products is a fixture for setting up the component parts 
of the structures prior to welding. 

This setting up operation must be accurately done, yet 
it may be done with a widely varying amount of measur¬ 
ing and careful operator attention with widely varying 
resultant setting up costs. 

Good welding practice dictates that for a repetitive 
operation, there should be setting up fixtures which allow 
an operator to place the component parts of a structure in 
the ^ture without error, and in their proper relationship. 
This should be done with a very minimum of measuring 
of individual parts and careful positioning. 

A fixture such as the one shown in Fig. 7 provides 
stops, a framework upon which to place the parts; and 
plugs, guards and clamps which accommodate pre- 
machin^ parts and all other parts in their proper re¬ 
lationship. It reduces setting up time to a bare minimum 
and provides maximum standardization of the structures 
set up in it. 

Stop watch studies of setting up operations with and 
without fixtures, indicate differences of several himdred 
per cent in setting up without a fixture compared to 
setting up with a good fixture. This is mostly due to the 
addition^ measuring and fastening time required with¬ 
out a fixture. Assuming a very conservative 200% 
difference and assuming the setting up time for these 
machine bases in good practice to amount to only $4.50, 
Fig. 8 indicates ^e total cost of setting up without a 
fixture as $13.50 or a total of a 9% increase in the over¬ 
all cost. This represents a $900 margin on 100 of these 
machine bases and it represents a good margin with 
which to build a simple set-up jig and still realize a 
profit. 

4. Using Positioning Fixtures for Depositing of Welds 

Because weld metal is a liquid at the time it is de- 
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Fig. 9—Jigf Which Poaltion Welds for Meet Economical 
DepoaitiMi Pay Dividends on Mass Production Jobs. This Is 
an All-Welded, Power-Driven, Universal Posittoner 


posited, the position of the joint at the time in which a 
weld is deposited automatically establishes certain limi¬ 
tations on the size of the electrode and the amount of the 
molten metal which can be deposited within a given time 
on a joint. Ordinarily the nearer completely down-hand 
(into a trough-like joint) position into which a weld may 
be placed for deposition, the less difficulty is encountered 
due to the fluidity of the metal; and within certain 
limits, the larger is the welding electrode which may be 
used. This is especially true of heavier plates and applies 
to even the relatively light plates used in this mac^ne 
base. 

There are many types of jigs or positioning fixtures for 
providing means of placing welds in their best position 
for welding. Figure 9 shows a power-driven mechanical 
positioning fixture similar to the rather standardized and 
commercidly available types of fixtures. The use of such 
a fixture would be applicable to a machine base such as 
the one selected for this discussion. It provides universal 
positioning of all welds, and in the case of this machine 
base would provide a good advantage. It would also be 
useable for other welding jobs in an ordinary welding 
production shop. 


Figme 10 illustrates in graphic form the relative cost of 
depositing Vrin. welds in the different positions—verti¬ 
cal, horizont^ fillet and the completely down-hand fillet 
position. 

The basis for the figures in this graph are numerons 
time studies of actual weld deposition time under normal 
shop conditions, using arc time, electrode changing time, 
and adding an appropriate allowance for operator 
fatigue (20% of total time). 

The normally good operating conditions under which 
this machine base was welded assumed down-hand posi¬ 
tion welding, usihg a fixture such as shown in Fig. 9, 
or some similar fixture providing down-hand welding. 
If this unit were not positioned in a fixture, additional 
handling time to block it up and thereby position it or the 
additional time required to deposit the welds in the 
horizontal fillet position and the comer welds in the 
vertical position would increase the cost considerably. 

Conservatively interpreting the values shown in Fig. 
10, the unpositioned welding of this unit would increase 
the cost of welding 50% (since the normally good practice 
figure represents a 33Vi% reduction of the unpositioned 
and theiWore poorer practice). The result of not posi¬ 
tioning the welds in this case would represent an increase 
in cost of $21.50 for welding, or 21*/j% increase in the 
total cost of the structure. 

In depositing the welds in the vertical or horizontal 
fillet position under ideal practice, it would not neces¬ 
sarily mean that a larger amoimt of weld metal would be 
deposited, but under ordinary welding operating con¬ 
ditions, a larger amount of wdd metal would usu^y be 
deposited bemuse of the tendency for the lower leg of a 
wdd deposited in the horizontd fillet position to be 
longer than the upper leg. This produces a degree of 
overwdding if the upper leg is made the specific size. 

The increase of 2Vft% in the total cost as di^am- 
matically shown in Fig. 11, represents a very considerable 
margin for operation, yet based on actual time studies 
and numerous examples throughout the wdding in¬ 
dustry as a whole, it is a margin which is not overstated 
in this case, but rather conservativdy stated. 

5. Using the Most Economical Size of Electrode 

The amount of wdd metal deposited by a given size of 
electrode depends more upon the volume of metal in the 
wire in the electrode than upon any other factor. 

Stop watch studies of the burning off of wdding 
dectrodes of different sizes from Vs in. in diameter to 
Vi6 in. in diameter and all of the same length indicate 
^at with the machine setting correct for the burning of 
that dectrode on an average job, each takes about the 
same length of time. This time varies somewhat, but 
usually it requires about 90 sec. when a 14-in. dectrode 
is burned down to a stub of about 1 Vs in. with a normal 
machine setting. 

Assuming this value to be the correct length of time for 
burning an dectrode and assuming that the length of 
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time for burning electrodes of different diameters is the 
same, then the amount of deposited weld metal for a given 
size of electrode depends upon the volume of the wire; 
and the length of time required to deposit a pound of 
weld metal with each given size of electrode has a definite 
relationship to the amount of wire deposited per elec¬ 
trode. 

This relationship, assuming 90 sec. bumoff and 15 
sec. for changing- electrodes, forms the basis for the 
difference in cost per pound of deposited weld metal using 
different sizes of electrodes, assuming a constant cost per 
hour for labor. 

Figure 12 shows the relative volume of metal in Vf* 
•/«-> Vn-, V4-» Vie*“i- electrodes, based on their 
cross-sectional area. 

Assuming all 14-in. electrodes were being used, and 
assuming ^e number of electrodes per pound to be in 
direct ratio to the cross-sectional area of the different 
sized electrodes, then the cost of depositing of a pound of 
weld metal using different sized electrodes at $1.10 an 
hour for labor, plus 150% overhead and 66*A% deposit 
of the efficiency of the electrode, is shown in Fig. 13. 

There are many times when smaller electrodes are used 
than could be used. Even in some cases where position¬ 
ing fixtures permit the use of welding electrodes of any 
size suitable for a given weld, smaller electrodes are used 
than are necessarily in keeping with good welding prac¬ 
tice. 

Assuming in the case of the machine base discussed 
herein that an average of Vi-in. diameter electrodes 


would be the best size and that only the difference be¬ 
tween the use of an average of ’’/n-'m. diameter electrode, 
the difference in cost is a significant figure as shown in the 
graph in Fig. 14. 

This relatively insignificant difference of V »2 in size 
in the average ffiameter of electrode used (‘A in. instead 
of V«J in.) represents a total difference of 27% in welding 
cost alone or llVi% difference in the total cost of the 
unit. If the '/«-in. electrode is used instead of the 
*A-in. electrode, the total cost of the unit is increased 
11V*% which means $11.50 per unit in this case. This 
is a sizable mai^n arising from a relatively insignificant 
appearing factor. 

6. Good Fitup of Welded Joints Compared to Poor Fitup 
of Welded Joints 

One of the most important of all factors in ordinary 
welding practice is the degree of perfection of fitting 
together of the component members of the joints in the 
welded structure prior to welding. 

The economic basis for this importance lies in the fact 
that deposited weld metal is an expensive commodity 
and that what appears to be a relatively small gap in a 
welded joint, when analyzed from its volume compared to 
the volume of a finished weld, is often surprisingly large. 
These gaps must be filled with weld met^ according to 
good welding practice; and normally a welding operator 
will overweld a gapping joint to be sure that it will not 
fail, rather than produce a weld including the filled up 
gap, equivalent to the correct size of joint which had no 
unusu^ gap. 

Figure 15 shows the volflme of a weld such as might be 
found in this machine base compared to the volume of 
the same weld made with a gap in the joint equivalent to 
one-half the size of the weld, followed by the normal 
practice of the operator of applying an additional amount 
of weld metal to be sure that the weld is properly safe. 

Approaching the economics of this problem from the 
volume of weld metal alone, comparison shows that a 
filled gap one-half the size of the weld, plus the addi¬ 
tional amount placed by a conservative operator for 
safety, represents more than three times the amount of 
weld met^ used in the joint when it has a normal amount 
of gap? 

This assumption leads to a vast understatement of the 
cost of a poor fitting joint because in the filling process a 
much smaller welding electrode is required and a much 
longer time is requir^ for cleaning after each successive 
welding pass and for cooling of the joint between passes 
than for a normal fitting joint. This greatly increases 
the time of deposition over what would norm^ly be used 
with the regular size electrode for a normal joint. 

Tlierefore, the assumption in the case of this machine 
base, that the fitup at tike comers and around the edges 
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averages normally good for 50% of its length and has an 
average gap of Vs inch (assuming V^-in. sidewalls 
and a gap half the thickness of the size weld required in 
this particular case) increases the total volume of welds 
required for the job based on the above assumption by 
100%. This represents a total of 43% increase in the 
total cost of the unit, as is graphically shown in Fig. 16. 

In addition to the voliunetric and related cost con¬ 
siderations, the structural strength and metallurgical 
quality of joints with gaps in them is inferior to joints 
with norm^y good fitup. Therefore, in a study of the 
economics of poor fitting joints, an undetermined 
amount of failure which is costly in good will or replace¬ 
ments of welded structures, jnust be considered. No 
attempt to evaluate that will be made in this discussion, 
but the very conservative figure established above may 
be checked by a stop watch time study of the process of 
filling up gaps and will usually be found to be conserva¬ 
tive. 

7. Correct Size of Weld Compared to Overwelded Joints 

Another one of the most important economic factors 
in welded production is the control of the size of the 
welded joints so that the amount of weld metal is held 
down to the proper size rather than applied in excessive 
amounts. 

If a fillet type weld is increased in size (and therefore 
in strength) to double its original leg measurement and 
strength, there is not just twice as much weld metal 
deposited, instead there is four times as much deposited. 
This relationship is shown in Fig. 17. 

Overwelding is a very common practice and is very 
easily done, especially on structures which involve a 
large percentage of fillet type joints. 

In the case of the machine base under discussion, the 
fact that it is a box shape where the thickness of the side- 
walls is not evident and where the capscrew or bolt 
blocks which are welded to the top are relatively thick, 
would usually increase the tendency for overwelding. 

It is assumed in this particular case that a V 4 -in. weld 
size would be satisfactory for all of the welds in the struc¬ 
ture, since all are box shaped or are blocks fastened all 
around to a V 4 -in. thick wall section by welding. 

For a comparison let us assume that the ‘A-in. weld 
used in normally good practice were increased only 50% 
(from Vi in. to ’/s in.). The result in welding cost is 
demonstrated in Fig. 18, which graphically shows that 
the increase of the dimensions of the weld by one-half, 
more than doubled the amount of weld metal deposited. 
Conservatively figured, it doubled the cost of the weld¬ 
ing. This represents a 100% increase in the welding cost, 
or a 43% increase in the completed unit attributable to 
this factor alone—the cost of overwelding. 

This is another factor where the theoretical value 


based on the volume of the weld can easily be checked 
with a stop watch and satisfactorily demonstrated. It is 
one of the most important economic factors in arc welding 
and is fundamentally the result of the fact that weld 
metal is expensive. 

8. Good Operator Factor (Workmanship Accomplish¬ 
ment) in Welding Manufacture 

A factor which exerts one of the most far-reaching 
effects upon the total cost of an arc-welded unit is that of 
operator factor on all of the direct labor operations. This 
is especially true of the arc-welding operation itself 
since the operation requires constant attention while the 
arc is burning and since the percentage of time which the 
arc is burning fundamentaUy controls the economy of 
the deposition of weld metal. If the ^c is not burning, 
no weld metal is being deposited, no matter what the 
other conditions may be. 

The same is true of cutting, bending, forming, machin¬ 
ing, setting up and other direct labor operations, and the 
total effectiveness of the workman’s use of his time on 
productive work greatly influences the total cost of the 
finished unit. 

Fundamentally, the obtaining of a high percentage 
operating factor is based upon good planning; good lay¬ 
out of the shop; good organization of the tasks which 
must be done; good operation (mechanical condition) of 
fixtures, jigs, machines, etc.; combined with a good 
morale on the part of the workmen themselves. This 
latter element is probably more a combination of the 
former plus many other more or less intangible things, 
which constitute the motivation of the workmen them¬ 
selves on their jobs. Sometimes an incentive system 
contributes tremendously to the effectiveness of work¬ 
manship (or operator factor). 

Figure 19 shows ah example of the relative importance 
of a good operatorfactor compared to one which is less de¬ 
sirable, namely, a 70% operator accomplishment (70% 
effective accomplishment by the workmen, not includ¬ 
ing the normal rest allowance) as compared to a 50% 
operating factor. 

Seventy per cent may soimd a little bit low, but 
assuming eight Vu x 14-in. electrodes per pound and 24 
lb. burned per day, at 90 sec. bumoff, and 15 sec. elec¬ 
trode change for each electrode, it results in a total of 42 
min. of actual arc time and electrode changes per hour for 
8 hr., or a total of 336 min. of actual work. 

Because of the confining and attention demanding 
nature of depositing weld metal with the arc it is not 
uncommon to consider a 20% fatigue or rest allowance 
factor (12 min. out of 60) which, when computed on a 
basis of 336 min. in an 8-lu. day, results in an additional 
total of 83 min. of rest allowance which should be added 
to the 336 min. of work. 
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This amoimts to a total of almost 
exactly 7 hr., leaving only 60 min. 
remaining in the day for handling 
time, job starting and stopping, 
cleaning up, changing jobs, getting 
electrodes; and adjusting the work, 
such as turning fixtures, preparing 
to weld, etc. This, therefore, rep¬ 
resents a very good degree of oper¬ 
ator accompli^ment, although it 
is sometimes possible to achieve a 
higher one imder most favorable cir¬ 
cumstances. 

A 50% operator factor which 
produces only 30 min. instead of 
42 min. of work per hour (not in- 
cludi^ rest allowance) represents 
a 40% increase in the lal^r cost 
over the 70% operating factor on 
all direct lal^r. In the case of the 
machine base this 40% increase in 
labor costs causes a 24% increase in 
the total cost of the production of 
the unit. 

This represents $2400 on a hun¬ 
dred of these machine bases as a* 
margin for improvement between 50 
and 70% operating factor. Since 
the over-all operator efficiency of a 
shop is one of the best indications 
of the degree of efficiency in the 
organization and the association of 
the workmen with the job, it-is 
an extremely important factor. 

Some question might be raised about 
charging 150% overhead to a job 
with a poor operator factor; but 
the fact remains that if a poor operator factor is 
habitually the case in a shop, there are more workmen to 
do a given amount of work, which in turn requires more 
equipment, more payroll taxes, more factory space, more 
supervision and a general increase of the costs which 
contributes to overhead expense so that the relationship 
of the 50 to the 70% from the standpoint of overhead in 
all probability is atout the same. Actually overhead ex¬ 
penses may possibly be greater for the 50% operator 
factor. 


Summary of the Accumulated Affect of Each of the 
Eight Factors on Weld Cost 

In the foregoing eight examples of the specific effect of 
a given factor on the cost of a welded unit only one at a 
time has been considered.- 'This.-h^ been done to make 
the relative value of each factor specific and pointed. 

It is important to show the cumulative effect on the 
total cost of all of the factors all of which were relatively 
conservative in themselves, and compare them to the 
original cost based on normally attainable good practice. 
Figure 20 shows the cumulative effect of ^ of the vari¬ 
ous factors in their proper relationship, based upon the 
assumption made with each factor in the section where it 
was described. 

It should be borne in mind that each of these factors 
are added in Fig. 20 without any special interrelation of 
the effects of one upon the other. For example, the cost 
of the effect of overwelding is based on the assumption 
that V 4 -hi- electrodes were used in good practice and will 
also be used in the overwelding. If a smaller electrode 
should be used, say a ’/as, which makes a difference of a 
total of 11Vj% in the total cost of the unit, the cost of 
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overwelding would be 27% greater than it actually was 
assumed to be. The same might be said of the considera¬ 
tion of the cost of welding up bad fits. 

Even with this conservative approach, it is of con¬ 
siderable interest to observe that while assuming the 
almost ideal 70% operator factor, the total cost of the 
unit, with the accumulated cost effect of the less desirable 
practice (conservative though it may have been) amounts 
to $244.16. This is an increase of over 144%. It repre¬ 
sents the difference between a cost of $10,000 for 100 
machine bases, compared to $24,416 for the same 100 
machine bases. 

Should we asstune a 50% operator factor instead of a 
70% operator factor, the cost immediately goes to 
$322.80 or an increase of 222.8% above the cost of the 
normally attainable good practice, rated at 100%. Even 
if proper discount is made for the inclusion of elements 
which slightly expand overhead in some of these costs, the 
accumulated cost of making these bases with the less de¬ 
sirable practice exceeds 300% the cost with normally 
attainable good practice in arc-welding manufacture. 

These differences when accumulated may look to be 
very large. In actual practice,»carefui study with stop 
watch and other accifrate measuring devices indicate that 
they are of such great importance that they represent 
the largest common margin for economic improvement in 
arc welding. 

New applications of arc welding in manufactiuing 
seldom begin at the highest degree of obtainable good 
practice, yet often provide a very desirable margin of 
profit even at the start. The margin of additional profit 
or economic advantage obtainable by improving the 
various phases of the operation to the best practice at¬ 
tainable for that job adds much to the competitive posi¬ 
tion of the manufacturer. 
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X'l' is Qow 50 years since ‘Vilhelm Konrad 
Roentgen discovered the X-ray. From this dis¬ 
covery came not only a great new instrument of 
medicine, but also a method of industrial inspec¬ 
tion revealing flaws and imperfections not 
visible to the human eye. 

But the X-ray of today is very different from the 
X-ray of Roentgen's period. Fifty years of im¬ 
proving—of reflning—of perfecting—^have gone 
into it. 

KELEKET —oldest company continuously in 
X-ray, was in business within five years of Roent¬ 
gen's discovery. KELEKET and X-ray grew up 
together. And now KELEKET leads the way in 
producing the industrial inspection equipment 
which so greatly accelerated the wartime output 
of the nation. 

In saluting the achievement of Roentgen, 
KELEKET also pledges that just as KELEKET 
X-ray medical equipment has gone hand in hand 
with the progress of medical science, so KELEKET 
industrial X-ray equipment will keep pace with 
the technological developments of the industrial 
world. 

THE KELLEY-KOETT MANUFACTURING CO., 21811 W. FOURTH ST., COVINGTON, KY. 



Al Mrly e, ^ 905 K*T«lc«( perfect.d thTi "GfOM* Plomma" 
X-ray ceil, to coll.d because it "drew a flame of 12 Inches" 
when ether ceils produced but a few inches of spark. 

The New KELEKET 220 KV Is a powerful Industrial 
X-ray unit with plenty of power and penetralion to 
cover o wide ronge of inspections. 
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Application of Capacitor Discharge to 

Welding* 

By H. J. Bichsel and J. R. Parsons^ 


Bitroduction 

C apacitor discharge welding control has been 
applied in the past five years mainly in the in¬ 
dustries eng£^^ in the fabrication of aluminum. 
The use of such control was brought about primarily to 
meet the demand for a method of welding aluminum con¬ 
sistently in high-production assembly lines with low kva. 
demand and without frequent stoppage for electrode 
dressing and replacement. Aluminum and its alloys, 
such as 17S, 24S and 52S are difficult to weld by ordi¬ 
nary means because of their high electrical conductivity 
and their narrow plastic range. Metals with suoh char¬ 
acteristics require that the heat applied to the weld be 
precisely controlled if welds free from defects and of 
acceptable strength are to be made in large quantities. 

The capacitor discharge system was developed with 
many features of a precision nature because it had to 
meet the difficult problems involved in welding alumi¬ 
num. On the mai^ines, for example, the use of the 
double pressure head was evolved when it was foimd 
necessary to “forge” the welds on the heavier materials. 
This also necessitated the use of lights or low inertia 
heads on the welding machines so that the electrode 
movement could follow the deformation of the material 
and respond quickly to the forge pressure. At the same 
time it was found that the use of high pressures, and 
precision initiation of the weld discharge at the correct 
pressure resulted in more consistent welds. This neces¬ 
sitated the development of the present calibrated pressure 
heads—such as the spring and air bellows types—and 
micrometer adjusted initiating switches. 

To keep in step with these refinements in welding ma¬ 
chines, the controls must accurately r^ulate the capac¬ 
itor energy regardless of line volts^e variations. The 
sequencing circuits in the control must be designed to 
initiate the welding discharge when the proper welding 
pressure is reached. The sequence of machine opera¬ 
tion also must be automatic^ly controlled by the se¬ 
quence circuits. A precision forge timer is included in 
l^e control to time the interval t^tween the start of the 
weld discharge and the application of the forge pressure. 
It also supplies the energy for operating the forge valve 
very rapidly and consistently. 

A welding system incorporating all of these refinements 
is necessarily very expensive. However its cost is quite 
easily justified for aluminum welding. With a decrease 
in the manufacture of aircraft, a decrease in aluminum 
welding may well be expected. It is, therefore, logical 
to ask what the future application of capacitor discharge 
equipment will be. 

* Scheduled for Twenty-Sixth Annual Meeting, A.W.S., October IMS. 
f Reaistance Welding Dept., Westingbouse Electric Corp., Boat Fittaburgh, 

Pa. 


The present capacitor discharge equipment is capable 
of welding magnesium, stainless steel and mild sted be¬ 
sides aluminum. Since welding stainless steel and mild 
steel is not as critical as welf^g aluminum and mag¬ 
nesium the cost of the system may be considerably re¬ 
duced for these applications. Some welding data will 
be given for these materials and the application of cap£^- 
itor discharge systems for welding them will be dis¬ 
cussed. 

Description of System 

Capacitor discharge control consists fundamentally of 
a thyratron tube rectifier (usually of the three-phase 
bridge type), a capacitor bank and an igni^n tube or 
contactor s^em for discharging the capacitor energy 
into the primary of the welding transformer. This sys¬ 
tem is shown in block form in Fig. 1. The rectifier acts 
as the source of d.-c. voltage to charge the capacitor 
bank. The capacitdr voltage is regulated by controlling 
the grids of the rectifier tubes. When the capacitors are 
charged to the proper voltage and the electrodes on the 
welding machine have be^ brought together under 
presstue, the capacitors are discharged through the con¬ 
tactor or a tube system into the primary of &e welding 
transformer and produce a weld in the material between 
the electrodes. Tlie welding cycle is shown graphically 
in Fig. 2. 

The capacitor discharge control accumulates energy 
for the wdd in the capacitor bank. This capacitor bank 
then acts as an independent source of energy for the 
weld and instantaneous variations in supply line voltage, 
due to the operation of other welding machines or to the 
starting of motors, have no effect on the weld current. 
As additional protection from supply voltage variations 
no current is drawn from the line during the weld. This 



Fig. 1—Block Diagram Showing the Vaiioui Components of a 
Capacitor Discharge Control 
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Itg. 2—Diagram of a Welding Cycle Showing Reference of the 
Pretfure and Current Functions 


allows the welding current to be completely independent 
of the supply source and results in highly consistent 
welds. 

Capacitor discharge control provides adjustment of 
the following factors: (1) The amount of energy can be 
controlled very precisely by adjustment of the capacitor 
voltage, and by selection of the amount of capacitance. 
The capacitor voltage is the principal quantity in deter¬ 
mining the capacitor energy as shown in tJie energy 
equation 

W = ( 1 ) 

where W is expressed as joules, C is the capacitance in 
microfarads and K is the voltage to which the capacitors 
are charged. It is evident that doubling the capacitor 
voltage provides four times the amount of energy to the 
weld. The equation shows that capacitance also affects 
the energy, but only to the first power. (2) The wave 
shape of the weld current can be adjusted by proper se¬ 
lection of capacitance, and by adjustment of the turn 
ratio of the welding transformer. The shape of the weld 
current wave determines the rate of heat transfer to the 
weld zone. Capacitance principally affects the time the 
current wave takes to reach its peak value. The greater 
the capacitance, the longer the time taken to reacdi peak 
current. The transformer turn ratio changes the initial 
slope or rate of rise of the discharge current. The 
higher the turn ratio, the less the slope of the wave be¬ 
comes. 


Kva. Demand 

A comparison of line demand between an energy stor¬ 
age machine and a single-phase a.-c. welder is a difficult 
one to make unless two specific machines are compared. 
In general, the kva. demand of an energy storage system 
is related to the maximum number of operations per 
minute of which control is capable, on the thickest ma¬ 
terial to be welded. This speed of operation determines 
the time available for charging the capacitors. It also 
determines the maximum kva. demand of the control. 
The kva. demand, once determined, remains constant 
for all capacitance and voltage settings, and all operating 
speeds. 

An a.-c. welding machine, on the other hand, operates 


on a variable kva. demand basis. Its demand is just 
that required to make the weld and is supplied only dur¬ 
ing the time the weld is taking place. 

Most of the capacitor discharge controls built during 
the past few years are capable of making between 20 and 
40 welds per minute on two pieces of 0.102-in. material. 
This allows approximately 1 sec. to charge the capacitors 
and results in a maximum three-phase demand of be¬ 
tween 50 and 70 kva. An a.-c. welding machine, oi>er- 
ating at 50% pxjwer factor would have a demand of 
approximately 300 kva. when welding two pieces of 
0.102-in. aluminum. When welding the lighter gages 
the demand decreases until with 0.020-in, materi^ the 
single-phase demand would be about the same as three- 
phase demand of the capacitor discharge control. This 
example represents present design practice for the ma¬ 
jority of ^e energy storage machines and may be 
changed in the future if higher .welding speeds are de¬ 
sired, Generally the capacitor discharge machine will 
effect a saving in demand charges over those of an a.-c. 
machine because the weld energy is taken from the line 
over a relatively long period of time compared to an a.-c. 
machine. 


Forglnq 

In welding aluminum alloys, it has been found that a 
rapid increase in electrode pressure a short time after 
the current discharge is started, eliminates cracks and 
voids irt the weld. This process known as “forging” or 
"double pressure” is most effective when the forge 
pressure is 2 or 3 times the initial pressure and when the 
pressure change is completed in less than 0.016 sec. after 
starting. Application of the forge pressure must be 
timed to occur very shortly after the peak of the current 
wave. The timing is very critical and must be controlled 
accurately (within ±0.1 cycle) to produce the desired 
restUts. The weld “nugget” is freezing very rapidly 
when forge pressure is applied, so that too early an ap¬ 
plication results in deforming the weld, while too late an 
application acts on a ^lidified weld and has no benefit. 
Generally, the more pressure used in forging the less 
critical is the time of application of the pressure to pro¬ 
duce crack-free welds. However, the pressure is limited 
by the amount of indentation allowed on the material 
and by the maximum pressure developed by the welding 
machine. 

Types of Machines emd Control 

Three different sizes of machines and control are used 
generally. The smallest size, suitable for bench or wall 
mounting, is used for welding small wire (usually sp)ecial 
alloys), very light gage sheet metal, and many of the 
small parts used in electronic tubes. The controls for 
the machines have a capacitance range of 20 to 60 ^f- 
and a voltage range of 500 to 1500 v. The welding 
transformers have three or four taps and the turn ratios 
can be varied from 450:1 to 100:1 in 100 or 150 turn 
steps. The controls have no sequence, the weld dis¬ 
charge being initiated by a pressure switch on the head 
of the welding machine. The operator presses the foot 
lever to apply air pressure (or mechanical pressure 
through levers) to the electrodes to bring them together. 
When the pressure has been built up to the setting of the 
pressure switch, the capacitor bank is discharged through 
the transformer to make a weld. The machines are 
capable of between 50 and 100 operations per minute at 
maximum capacitance and voltage with about 7 kva. 
demand. 
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Fig. 3—An Znvtallation of a 2640 lii. Capacitor Diacharge 
Control and a Rocker Arm Machine 


The second size of control is made to go with any of 
the three sizes of welding machines for welding materials 
below 0.102 in. it incorporates a maximum capacitance 
of 2640 /if* Heavier gages of material can be welded with 
tliis control by the addition of capacitors in auxiliary 
housings. Xn installation of a control and machine of this 
type is shown in Fig. 3. 

These controls are equipped with a precison capacitor 
voltage control system that regulates the voltage to 
within *2% of the preset value and stops the charging 
current without undershooting or overshooting this 
value. This control is capable of making 20 to 30 welds 
a minute continuously, on 2 pieces of 0.102-in. 24ST 
aluminum and will weld as fast as 200 times a minute on 
0.020-in. 24ST aluminum. The capacitance is adjustable 
from 240 id. to 2640 Mf., in steps small enough to give a 
continuous range of energy. The control is provided 
with a sequence that times the electrodepressurebuild-up, 
the discharge interval, and the off time, and is arranged to 
give automatic repeat operation as long as the foot switch 
is held down. The rectifier is block^ (output reduced 
to zero) during the discharge but begins to charge the 
capacitors immediately after the discharge has stopped. 
The control is also provided with safety devices that re¬ 
move the high voltage when the cabinet doors are opened. 
Another cir^it prevents operation of the control if the 
capacitor voltage is too high. 

The third and usually largest size of machine is the 
roll spot. This machine is a combination spot and seam 
welder whose electrodes consist of two copper alloy 
wheels rotating against ^ch other. The material to be 
welded is fed between the wheels and current discharges 
are made at intervals while the wheels rotate. These 
discharges produce welds on the material at spaced 
intervals. 



Fig. 4—An Installation of a Roll-Spot Maohino and a 10,000 /uf. 
Contrcd 


' The control is built with an automatic sequence that 
allows adjustment of the spacing between welds by ad¬ 
justing the time interval between discharges. If the time 
interval is small the spots will overlap and form a seam 
weld. The wheels never lift from the woric during opera¬ 
tion, so that it is necessary to supply the welding trans¬ 
former primary current firet in one polarity, then in the 
opposite polarity to prevent saturation of the transformer 
core and consequent decrease of welding current. 

A machine of the roll-spot type has t^n built to weld 
materials up to */u in. I^ck, at the rate of 20 welds a 
minute. This madiine will weld thinner material such 
as 0.016 and 0.020 in. at about 300 welds per minute. 
Figure 4 is a picture of this installation. Other m ac h i n es 
of the roll-spot type using a double rectifier have been 
built to operate as high as 600 times per minute on thin 
material. These machines are used most advantageously 
on flat work or on work that can be continuously fed into 
the machine. 



Fig. 5—Energy and Electrode Force Tersiu Sheet Thickneu for 
24&T Alclad Aluminum. The Effect of Forging on Energy 
Required It Evident 


Users of this type of machine find that electrode pickup 
is much less than on an a.-c. machine doing the same job. 
An example of this was noted recently when a manufac¬ 
turer was welding the same item on a roll-spot machine 
of the energy storage type, and on an a.-c. machine. The 
a.-c. machme was capable of making 70 welds per minute 
on the item, while the energy storage machine could make 
only 50. However the output of the energy storage roll 
spot exceeded that of the a.-c. machine during a day’s run 
because the electrode pickup was so severe and required 
such frequent stoppage for deaning of the electrodes that 
the difference in speed of operation was more than made 
up. 

Welding Data 

Aluminum 

The high thermal conductivity of aluminum makes it 
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necessary to supply the weld energy to the material at a 
very high rate so ^t the heat lost by conduction to the 
metal around the weld is small. The high rate of heat¬ 
ing and quick forming of the weld prevents loss of temper 
and consequent weakening of the material around the 
weld. The lighter gages require fast application of weld 
energy, which is obtained with small capacitance, low 
turn ratios and relatively high voltage. This is shown in 
the thickness versus energy curve, Fig. 5. * Heavier gages 
require slower application of energy so that larger values 
of capacitance and transformer turns ratios are used. 
For example, a typical setup for welding two pieces of 
0.020-in. 24S-T alclad aluminum would be 480 ^f*. at 2200 
V. and a turn ratio of 150:1. Welding two pieces of 
0.102-in. material requires about 2640 /if., at 2600 v., and 
a turn ratio of 450:1. 

The pressure applied to the material to be welded is 
critical as it not only affects the indentation of the ma¬ 
terial, but also the heat developed in the weld. If the 
pressure is too low the weld nugget” (metal actually 
fused between the pieces) will be excessively large, and 
the molten material may actually come through to the 
outer surfaces, with consequent high electrode pickup and 
surface marking. When the pressure is too high, the 
surfaces are excessively indented and the weld “nuggets” 
are too small. . The approximate pressure values re¬ 
quired for various thicknesses of aluminum are ^own in 
Fig. 5. 

From Fig. 5 it is seen that the pressure necessary to 
weld increases almost as the square of the material tluck- 
ness. The pressure required to weld V«*in. material is 
about the maximum that can be obtain^ with a stand¬ 
ard welding machine. Special machines using hydraulic 
pressure systems have been built to handle material up to 
V 4 in- thick, but this is about the upper practical limit. 

Forging on aluminum alloys is most beneficial on ma¬ 
ter!^ 0.040 in. and heavier. Forging allows welding of 
the material with less energy than with a single pressure 
system as the lighter initi^ pressure allows more inter¬ 
sheet resistance, and consequently more heat to be de¬ 
veloped in the weld. This is shown by the energy curve 
(with and without forpng) of Fig. 5. The sheet indenta¬ 
tion is also somewhat less than with a single pressure 
system as the pressure remains low imtil the molten 
metal begins to solidify. When the nugget begins to 
solidify and the tendency to shrink and crack is greatest, 
the forge pressure is applied to compress the metal and 
allow ^e weld to form free of cracks. However the 
strength of the material returns rapidly as the metal 
solidifies, so that the work is not indented as greatly as if 
a single Mgh pressure had been used throughout the weld. 

Before satisfactory welds can be made in aluminum, 
the surface of the material must be properly cleaned.^ 
Cleaning is necessary because of the oxide which forms 
on the surface of most alloj^ (especially the Alclad ma¬ 
terials) when they are exposed to the atmosphere. The 
electrical resistance of this oxide coating is relatively high 
and varies considerably from point to point on the sur¬ 
face. Consequently, when the material is placed between 
the electrodes of the welding machine and a discharge is 
made, the current passes through the material in the 
path of lowest resistance, which is not always directly 
under the electrodes. This results in expulsion of metal, 
welds with areas of little or no fusion and very incon¬ 
sistent spot strength. Pickup (metal deposit) on the 
electrodes is excessive becatise considerable heating takes 
place between the electrode surface and the material. 
This heating causes alloying of the surface layer with the 
electrode, and quickly forms a layer of metal that distorts 
the electrode face making it useless for further welding. 

Proper cleaning removes the oxide coating and pro¬ 
duces a surface of uniformly low resistance—about ten 


micro-ohms for Alclad aluminum. Thoroughness of 
cleaning can be checked by measuring the surface re¬ 
sistance.* 

Two methods of cleaning are used generally, through¬ 
out the industry. The first of these is chemical cleaning. 
Chemical cleaning produces excellent results in that the 
material can be uniformly and quickly cleaned in large 
quantities. The diflBculty experienced with this type of 
deaning is that the time the material is in the deaning 
solutions is critical and must be dosdy checked. The 
concentration of the solutions themsdves must be dosdy 
controlled so that the deaning time will remain con¬ 
stant. Either too short or too long a time results in high 
surface resistance. 

Wire brushing is another method of deaning the ma¬ 
terial. This type of deaning produces excellent results if 
done by an experienced operator. It is difficult to use, 
however, where large quantities of material are involved 
and much of its quality depends on the ability of the 
operator. 

Magnesium 

Magnesium wdding, in general, requires slower appli¬ 
cation of the wdding energy than aluminum as its dec- 
trical conductivity is only about two-thirds that of 
al umin um. A wdd can be made in two pieces of 0.020-in. 
magnesium (Mg-Mn-1.5) using 120 /rf. at approximatdy 
1500 v. and a turn ratio of 450:1. For the 0.102-in. ma¬ 
terial the setting would dosdy approach that of alu¬ 
minum uf the same thickness and would be about 2640 
fit at 2800 V. and 450:1 turn ratio. The energy and 
pressure versus sheet thickness graph for this material is 
shown in Fig. 6.* 

Magnesium alloys are usually supplied with protective 
coatings of either chrome pickd or oU. The oil coating is 



Fig. 6—Energy'and Electrode Force vereua Sheet Thickness for 
Magnesium (Mg-Mu 1.5) Annealed Sheet 
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Rg. 7—Energy and Bectrode Force versue Sheet Thicknea lor 
Mild Steel 


easy to remove either chemically or by wiping. The 
chrome pickle coating is removed by wire brushing or in 
the case of magnesium alloys containing aluminum by 
the use of steel wool. Chemical cleaners for this material 
have not been too satisfactory. 

Magnesium alloys have a great affinity for electrode 
material and pickup is difficult to control. When welding 
these materials high conductivity electrodes should be 
used. 

Sled 

The welding of steel with a capacitor discharge machine 
requires exceptionally long wave shapes which are ob¬ 
tained by using high capacity and high turn ratio with 
relatively low voltage. Sted wdding is not nearly as 
critical as aluminum wdding, and wide variations in 
settings produce good welds. The dectrical conductivity 
of steel is about a fifth of the conductivity of aluminum, 
so that when the material is inserted in the secondary 
circuit of the wdding machine it makes up a large part of 


the secondary circuit resistance and thus absorbs most of 
the energy put into the circuit. A typical setting for 
two pieces of 0.036-in. SAE 1010, is 15W /rf. at 1300 v. 
and 450:1 turn ratio. A setting to weld 0.102-in. ma¬ 
terial requires about 6650 td. at 1700 v. and 450:1 turn 
ratio and results in an extremdy long wave shape. The 
energy and pressure versus sheet ^ckness curves for 
mild steel are shown in Fig. 7.® 

A great deal of sted wdding is done with no surface 
preparation other than wiping off the scale and oil. 

Since present experimental data indicate that large 
capadtance and low voltage are required for sted wdd¬ 
ing, it is possible to reduce the cost of the s 3 rstem by the 
application of proper capadtors. Further reductions in 
cost may be possible by using wdding machines with 
heads similar to those used on single-phase a.-c. wdders 
(without low inertia, calibrated pressure devices or 
double pressure systems). 

Future Trends 

Most capacitor discharge equipment available at 
present was designed primaj^y to wdd aluminum; con¬ 
sequently, the equipment is elaborate and more expensive 
than comparable a.c. apparatus. The equipment is ap¬ 
plicable alk) to the wddmg of mild steel. Since mild st^ 
is not critical to wdd, many of the spedal features required 
for aluminum wdding can be eliminated. The cost of the 
equipment can then be reduced so that it will compare 
favorably with a single phase system using series capacitors 
and a voltage regulator. 

Undoubtedly the dectrical power obtainable will be 
limited in many localities for some time to come. There¬ 
fore, it is reasonable to expect that capacitor discharge 
wdders will be used for welding materials other thim 
aluminum in the future. 
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Welding of Propulsion Shafting* 


By Hugo W. Hiemke^ and Commander James C. Blake, USNRt 


Introduction 

B efore the Navy’s shipbuilding program could 
gain momentum in 1940 and 1941, many produc¬ 
tion bottlenecks, especially those arising in con¬ 
nection with the procurement of machinery and equip¬ 
ment items, had to be broken up. The difficulties were 
aggravated by the simultaneous expansion of the mer¬ 
chant shipping program. Ship shafting was one of the 
most important items for which the demand exceeded 
the capacity of existing production facilities. Few people 
realize the magnitude of the job of supplying shafting 
for a single escort vessel, for example. One of these 
relatively small warships requires 225 ft. of shafting, ag¬ 
gregating 30 tons of steel. Now multiply this by lOQO 
ships and it is obvious that a man-sized manufacturing 
problem is involved. When it is recalled that the na¬ 
tion’s shipyards were also turning out battleships, air¬ 
craft carriers, cruisers, destroyers, submarines, cargo 
vessels, oil tankers, troop transports by the hundreds 
and landing craft and assault boats by the thousands, 
and that each one needed its share of shafting, the sizes, 
types and quantities reach astronomic proportions. 

Ship shafting has traditionally been a high-quality 
forged product, of high physical properties, frequently a 
3V5% nickel steel. Nearly all shafting steel has a car¬ 
bon content between 0.35 and 0.45%, lx>th in the carbon 
steel and alloy steel grades. Since the shafting of naval 
vessels is part of the main propulsion machinery system, 
it is subject to very careful inspection. Modifications in 
design, materials or methods of construction must be 
carefully scrutinized before being adopted. No change 
can be made unless an important advantage can be 
gained by its adoption. 


Shafting from Formed and Welded Plate 

With enormous production requirements on the one 
hand, and the need for great care in evaluating new 
methods on the other, a survey of manufacturing meth¬ 
ods for ship shafting was instituted by the Bureau of 
Ships in September 1940. One of the methods which 
appeared to have promise involved the fabrication of 
l^ge diameter shafting by “boiler drum’’ methods. This 
involved the forming of two semi-cylindrical sections 
from heavy alloy steel plate, welding these halves to¬ 
gether with two longitudinal welds and then welding 
forged flanges to the ends of the cylindrical section by 
means of circumferential welds. A number of con- 


* Th« opioions expressed in this article are the private opinions of the 
nutbors and are not to be construed as the official opinions of the Navy De¬ 
partment. Scheduled for the Twenty-Sixth Annual Meeting, A.W.S., October 
1046. 

tPormerly of the Welding. Casting and Forging Section, Bureau of Ships. 
Kavy Department. More recentlv with the war Metallurn Committee of 
the Natlona) Research Council. Now with the A. O. Smith Corporation of 
Millwaukee and Los Angeles. 

t Office-in-Charge, Welding, Casting and Forging Section, Bureau of Ships, 
Navy Department. 


ferences were held with representative fabricators and 
the plan was finally abandoned for the following reasons: 

(a) Forming presses capable of producing the long, 
semicylindrical sections were almost as scarce 
as forging facilities. 

(5) Facilities for welding thick-walled alloy steel 
sections were also scarce and were fully oc¬ 
cupied with other important war work. 

(c) The desired dimensions of the shafting (very 
heavy wall and relatively small inside diameter) 
had to be produced by welding from the outside 
only. Inspection of the bottom of the root weld 
would be impossible. 

{d) Alternatively, the shafting could be made with 
larger inside (and outside) diameters to facili¬ 
tate root chipping, root inspection and reweld¬ 
ing. The increased outside diameter would 
have required complete redesign of struts, 
stem tubes, bearings and shaft bearing saddles. 

Centiifugally Cast and Welded Shafting 

Soon after it became apparent that the formed and 
welded shafting would have to be abandoned, it occurred 
to one of the authors that the fabrication of shafting by 
welding together centrifugally cast tubular sections and 
flanges might be a promising solution. The Army 
Ord^nce Department used centrifugally cast gun bar¬ 
rels—why should not this method be adopted for the 
manufacture of shafting? The more the proposition was 
analyzed, the more attractive it sounded. Accordingly, 
it was decided that a line shaft section for a minesweeper 
be fabricated by welding flanges onto a centrifugally cast 
center section. 

The next question was to get a suitable centrifugal 
steel casting. Since the problem was to replace a steel 
forpng, there should be no doubt as to the soundness or 
metallurgical quality of the product. It was quite 
natural to turn to Watertown Arsenal for help, since 
they, too, were substituting a casting for a forging in 
gun tubes, in which the metallurgical quality had to be 
of the highest order. After conferring with the respon¬ 
sible officers at Watertown, it was found that a mine¬ 
sweeper shaft, flanges and all, could be machined out of a 
90-mm. gun casting. One of these castings was shipped 
to the Naval Engineering Experiment Station at An¬ 
napolis, Md., where the casting was cut up, rough ma¬ 
chined, welded and finish machined. Figure 1 shows the 
layout and method of assembly of this shaft section. 

When the feasibility of producing ship shafting by this 
method had been demonstrated, the next step was to 
find a source of supply for shafting in quantity, capable 
of producing to the high quality standard necessary for 
ma in propulsion machinery. After several unsuccessful 
attempts, it was found that the American Cast Iron 
Pipe Co., of Birmingham, Ala., had the necessary facili- 
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large shafts for naval vessels have, in recent years, been 
bored to an I.D. of approximately Vxo of the O.D. 

In a forged shaft, t^ saving in weight has been ob¬ 
tained at a considerable increase in cost. For this reason, 
hollow shafting has been used only on combatant vessels, 
where the weight saving was most important. 


1. PIECE ® TO 9E CUT PROM BREECH END OP CASTING FOR 

physicXl tests. 

2. PIECE ® TO BE COT PROM BREECH END AND WELDED TO 
MUZZLE END OP PIECE © IN THE POSITION SHOWN. 

a PIECE ® AVAILABLE FOR PHYSICAL TESTS. 

Fig. 1—Centrifugally Cast Shaft Made from SO-Mm. Gim 
Casting 


ties and know-how for making the castings. At that 
time, this company was not prepared to do the welding, 
although subsequently, welding facilities were installed. 
Accordingly, an experimental contract was arranged in 
which the centrifugal castings were furnished by Ameri¬ 
can Cast Iron Pipe Co. and the welding, heat treating 
and machining were done by the Charleston Navy Yard, 
Charleston, S. C. 

This first contract was for destroyer escort shafting. 
When this contract indicated the feasibility of producing 
centrifugally cast and welded shafting on a production 
basis, anotW contract for tug shafting was arranged. 
In this case, all of the work including the welding was 
done by the casting manufacturer. 

The next step was to get a service test. By the time 
that the shafting had been installed in ships, and 6 mo. of 
operating time at sea had elapsed, the procurement 
problem was no longer critical, so the opportunity for 
widespread use of the method had been lost. But the 
feasibility of the method and its suitability in service 
have beeii demonstrated. In the opinion of the writers 
this method of manufacture offers economies without the 
sacrifice of quality, which will give it a real postwar 
future. 


Comparison of Forged and Centrifugally Cast Shafting 

The function of ship shafting is to transmit torque 
from the propulsion machinery to the propeller. The 
sliear stress in a cylindrical member under torsional 
loading may be represented by the following formula: 


16/ QD \ 

T \D* - d*/ 


in which 


Sf — unit shear stress, psi. 

Q = torque, in.-lb. 

D — outside diameter of shaft, in. 

d = inside diameter of shaft, in. 

J = polar moment of inertia (in.^) 

It should be noted that the inside fibers of a hollow 
shaft transmitting torsional loads are subject to a rela¬ 
tively low unit stress, the ratio of shear stress at the 
inside fibers being V* that of the shear stress at the outside 
surface (where the I.D. is Vs of the O.D.). In view of 
this situation, and the fact that the Navy is always con¬ 
cerned with weight saving when this can be accom¬ 
plished without sacrifice of reliability of operation, most 


•900'1' 

\ ..<> 4 . 



' ' ' ' 











Fig. 2—SectionB oi Cast Hollow Shafting 
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In the case of centrifugally cast shafting, however, the 
hollow cylindrical shape is produced as a characteristic 
of the manufacturing process; therefore, it is not neces¬ 
sary to pay a premium for this weight-saving feature. 
In applying this process to the manufacture of ship shaft¬ 
ing, it is entirely feasible to apply the hollow shaft 
principle to all sizes. 

Another important advantage which results from the 
use of the centrifugal casting process, as compared to 
forging, is the reduced macWning cost. Balance and 
straightness are necessarily developed in centrifugal 
casting by the nature of the process. If the castings 
were not balanced, they would destroy the spinning 
machine in which they are produced. By maintaining 
the initial balance and straightness in the subsequent 
cooling, heat-treating and welding processes, a shaft 
can be delivered to the machine shop which requires a 
very minimum of finish allowance. On the escort vessel 
shafting, each forged shaft required 24 hr. more macl^e 
time t^n the centrifugally cast and welded shaftii^. 
This difference amounted to approximately a 30% 
decrease in machining cost. 


Quality Control and Inspection 

Great care was exercised in the development of this 
process of shafting fabrication, to be certain that the 
physical properties and soundness of the castings and the 
welds were of the highest possible order. 

The development and control tests used in the course 
of this project included the following: 

(a) Sectioning and destructive testing of the cen¬ 

trifugal castings. 

(b) Development of chemical analysis needed for the 

physical properties. 

(c) Devdopment of casting technique for flanges. 

(d) Development of welding procedure. 

(c) Radiographic and magnaflux inspection of cast¬ 
ings and welds. 

(/) Torque test of a finished shaft. 

These six phases of the project will be discussed in detail 
in the following paragraphs. 


Testing of the Cylindrical Castings 

An initial series of five castings, 9 in. O.D. x 4*78 in. 
I.D. x 16 ft. long were cast, and examined destructively. 
A 1-in. wide slab was cut from each shaft for the entire 
16 ft. length and after cutting into 12 in. lengths, the 
slabs were deep-etched. The etched sections were re¬ 
markably sound, as will be seen from the photograph 
(Fig. 2). The inside surface was found to be somewhat 
rough, but not severely notched. A chemical segrega¬ 
tion occurs in the last ‘/s in. of metal to solidify (next to 
the inside surface). Since the unit stress on these inside 
fibers is only Vs of that occurring on the outside of the 
shaft, this segregation was considered to be unimportant. 

No evidence of cracking or stirface overlapping was ap¬ 
parent in these centrifugal castings. Since the castings 
are made in sand molds, such d^ects in the cylindrical 
sections of the shaft castings are not likely to occur. 

The degree of chemical segregation was determined on 
several of the castings. Table 1 shows carbon and sul¬ 
phur contents from the inside to the outside surface of 
six castings as well as the complete chemical analysis at 
the center of the section. 


Table 1—Chemical Segregationa 
Results of Chemical Analysis 
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Development of Physical Properties 

Two types of tension test specimens were made in th« 
study—separately cast coupon test bars, and test bars 
mac^ned from the actual castings. The coupon bars 
were made as a check of melting practice, to compare 
with the routine tests made on each heat of static cast¬ 
ings. The bars machined from the actual castings were 
an exact measure of the properties of the product. While 
such tests are rarely conducted on cast articles, it is 
customary to conduct such tests on forged shafting, and 
it was considered essential that the tests of the castings 
be made in a manner identical with that which is custom¬ 
ary in acceptance testing of forgings. 

Because of the greater mass of the shafting as com¬ 
pared to separately cast test bars, the yield point and 
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tensile strength of the specimens cut from the shafting 
was usually lower by 2000-5000 psi. than the corre¬ 
sponding properties of the coupons. Table 2 shows the 
comparison of average properties representing mean 
values of 40 or more determinations for each value re¬ 
corded in the table. It will be noted that the elongation 
in 2 in. and the reduction in area of the shafting speci¬ 
mens tended to be lower also. 


Tahl* 2—Avarag* Valuw of Fhyaieal Pr oparti —, 
Cantrifugally Cast Skaftizxg 


Yield point, i>8i. 

Ultimate tensile strength, 
psi. 

Elongation in 2 in., % 
Reduction in area, % 


Specimens Cut from Separately 

Shafting Cast 


Longitudinal 

Transverse 

Coupons 

46,500 

44,600 

49,100 

76,600 

75,900 

79.400 

23.4 

22.5 

27.1 

40.8 

37.6 

46.7 


Notb 1; Vsdues for shaft specimens represent average of 43 
tests with average chemical analysis of 0.201 % carbon and 0.884% 
manganese. 

Notb 2: Values for separately cast coupon specimens repr es ent 
average oi 130 tests with average chemical analsrsis of 0.201% 
carbon and 0.754% manganese. 



Fig. 3—Section Through the Shaft Wald 


As a result of the experience gained in this study, the 
following chemical analysis and physical properties 
were specified for the shaft castings, as determined by 
specimens cut from the shafting itself. 


C. 

Mn. 

P. 

S. 

Ultimate tensile strength 

Yield point. 

Elongation in 2 in., %... 
Reduction in area, %.. - 
Bend test. 


0.35% 

max. 

1.10% 

max. 

0.05% 

max. 

0.05% 

max. 

90,000 

psi. max. 

37,000 

psi. min. 

15% 

min. 

30% 

min. 

120° 

min. 


Development of Flanges 

In the initial stages of this development, an effort was 
made to cast each Ifi-ft. section of shafting with one 
integral flange. It was soon found, however, that it was 
preferable to cast the long sections as simple cylinders, 



with the spinning axis horizontal, and to cast the flanges 
separately. The integrally cast flanges were found to be 
subject to occasional circumferential cracks on the out¬ 
side surface, or just below the outside surface of the 
flange, at its heaviest cross section. By casting the flanges 
with the spinning axis vertical, and providing adequate 
feeding, fl^ge castings entirely free from cracks have 
been produced. These castings are subjected to magna- 
flux examination during the various stages of man^ac- 
ture, to be certain that they do not contain surface de¬ 
fects. Destructive examination of a number of these 
flange castings has shown that internal shrinkage cavities 
are practically nonexistent. 


Development of Welding Procedure 

The welding procedure adopted for joining the cen¬ 
trifugal castings was based on experimental work per¬ 
formed at the Naval Engineering Experiment Station at 
Annapolis, Md. This work had demonstrated the im¬ 
portance of a close fitting backing ring and liberal root 
opening if a sound first pass is to be deposited. The thick 
weld in a relatively small diameter combined with con¬ 
siderable hardenabtlity of the base metal made it impera¬ 
tive to follow a rigidly prescribed procedure for all of the 
welding. 

The joint design details are shown in Fig. 3. Figures 4 
and 5 illustrate the assembly of the shaft sections and 
the backing ring to form the groove for welding. Since 
a close fit is required, the O.D. of the ring and the I.D. 
of the shaft are both machined before assembly. 



Fig. 5—Weld Groove, Backing Ring in Place 
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All weld zones were preheated before proceeding with 
welding. The shaft was rotated during preheating to 
assure a uniform distribution of heat. A temperature 
of 300® F. was used, and this temperature was main¬ 
tained at all times during the progress of welding. 

The first pass of weld metal was deposited with an 
E 6010 type of electrode, using a beading technique of 
deposition. This electrode was used because of its 
tendency to form a convex bead, thus producing a 
weld metal cross section which is best able to resist the 
shrinkage stresses and notch effects of the solidifying 
first pass. The remainder of the weld was made with a 
Navy Class 2 type of electrode (either E 6020 or E 7020), 
using a weaving technique. The 7020 was used in 
some cases because it supplied a slightly higher margin 
of strength. Either electrode produces weld metal hav¬ 
ing a yield strength in excess of that required for the 
base metal. 

All welding was done in the flat position. The shafting 
was rotated by means of a motor, under the control of 
the welding operator, keeping the pool of molten weld 
metal just back of dead center. The layers of weld metal 
were deposited by means of a split-pass technique, rather 
than being woven across the entire joint. 

After the welding was completed, the welds were post- 
heated at 1100° F. for 4 hr. in a local heat-treating 
furnace. To avoid misalignment of the shaft* the shaft 
was rotated slowly during the heat-treating operation. 
Figure 6 illustrates the local heating equipment used to 
perform this operation. 

Radiographic and Magnaflux Exeunination of Castings 
and Welds 

The completed welds were examined by means of 
gamma-ray radiography, to guard against possible gross 
internal defects. Because of the thick wall and small 
diameter of the shafting involved, radiographic examina¬ 
tion could not be expected to be sensitive for locating 
very small defects. On the basis of the examination 
made, the internal integrity of the welds was found to be 
^cellent. 

Magnafltix examinations were conducted on the first 
pass of the welds, and again after the weld was com¬ 
pleted. The final magnaflux examination was made 
after rough machining of the shaft in way of the weld. 



Fig. 6—Local Heating Equipment 



a loading lever ann extending 15 ft. on either side of the shaft was 
bolted to the flange. From one end of the loading lever arm a 
tray was suspended, upon which lead weights were placed to give 
load increments. A jack supported on scales pushed upward on 
the other end of the loading lever arm. 

Fig. 7—Arrangement of Test Apparatus 

This examination was conducted primarily for surface 
cracks. Under the controlled, conditions of welding used 
in fabricating this shafting, weld cracks were rarely en¬ 
countered. Such defects as were located were minor in 
character, usually associated with weld craters. 

A complete magnaflux examination was also made on 
the entire shaft casting, just before finishing machining. 
On some of the early shafts, nests of porosity were locat^ 
by magnafluxing, but these were overcome by providing 
a slightly greater finish allowance. Also, as was stated 
in a previous paragraph, magnaflux examination did 
locate circumferential cracks on some of the flanges 
which were cast integral with the shafting. After Uie 
flange castings were cast separately, no serious difficul- 
ties with cracks were encountered on the castings. In a 
few cases, it was necessary to chip out local areas and 
repair them by welding. Such repair welds were heat 
treated in a manner si^ar to the treatment given the 
main circumferential welded joints. 

Torque Testing of Finished Shafting 

After the first centrifugally cast and welded shaft had 
been finis h machined, it was considered desirable to 
subject it to a full-scale torque test to destruction. This 
test was conducted at the Charleston Navy Yard. The 
shaft exhibited the same shearing modulus of elasticity 
as a conventional forged shaft. It behaved in a perfectly 
elastic manner up to a shearing unit stress of 19,000 psi., 
at which point a permanent detrusion (set) took place. 
This yield point corresponds to a tensile yield point of 
38,000 psi., which was almost exactly the yield point of 
the tensile test coupon cut from a section of the cen¬ 
trifugal casting from which the shaft was fabricated. 
Figure 7 illustrates the test arrangements for conducting 
this full scale torque test. 

Ccmclusion 

The most convincing proof test of any fabricated 
article is a life test under actual service conditions. 
Shafting fabricated by the methods described in this 
article have been operating on naval vessels for periods 
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of 5-14 mo. without incident. It is recognized that this 
time period is short, compared to the normal life of 
ships’ propulsion shafting but, on the other hand, suf¬ 
ficiently long, it is believed that any serious difficulties 


would have been exposed by this time if they existed. 

The use of c^trifugally cast and welded shafting ap¬ 
pears to be entirely practicable for highly stressed appli¬ 
cations such as ships’ propulsion shafting. 
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Welding of Combat Vehicles 

By 1st Lt. L. M. Dalchei* 


F or the past 4 years, all tanks, self-propelled wea- 
p>ons and other combat vehicles manufactured for 
the Armed Forces of the United States have been 
of welded construction. By this is meant that welding 
has been used as the joining process for practically all 
joints subject to direct or in&ect ballistic attack, where 
failure of ^e joint might incapacitate the vehicle or cause 
bodily injury or loss of life to the using troops. Nearly 
all other metal-to-metal joints in these vehicles have 
likewise been welded. When it is considered that during 
the past three years the Army Service Forces have pro¬ 
cured over 75,000 tanks, over 40,000 self-propped 
weapons and over 100,000 miscellaneous combat vehicles, 
it will be realized that the importance of welding to 
modem warfare can scarcely be overestimated. 

In controlling this vast amount of welding, the Ord¬ 
nance Dept., Army Service Forces, has utilized to ad¬ 
vantage the principle of the Ordnance-Industry team. 
This principle or policy operates on the premise that 
industry possesses the requisite technical knowledge and 
production “know-how,” and is capable of producing war 
mat^el of satisfactory quality and in sufficient quanti¬ 
ties if the Ordnance Dept, indicates clearly what is 
needed. The principle is simple, and it has worked. 
The purpose of this article is to indicate how it has 
worked in the field of welding, and to illustrate certain 
forms which the Ordnance Dept, has found useful and 
which may prove valuable in connection with com¬ 
mercial, non-Ordnance welding. 

Design of Combat Vehicles 

Some types of Army vehicles are not originally de¬ 
signed in detail by the Ordnance Dept., but are pur¬ 
chased from commercial concerns who have themsdves 
worked out the design in such a manner as to produce a 
vehicle complying with certain military characteristics 
which the Ordnance Dept, has prescribed. Jeeps, 
trucks, tractors and trailers have nearly all been pro¬ 
cured in this manner. In the case of tanks, gun motor 
carriages and similar vehicles, however, the Ordnance 
Dept, has reserved to itself the complete responsibility 
for the design of the vehicles. This was necessary be¬ 
cause such vehicles have to meet service requirements of 
a very unusual nature as compared to commercial 
vehicular operation, and because industry did not possess 
a background of experience in designing or producing 
such vehicles. 

The designing of a vehicle necessarily involves working 
out the det ai ls of the welded joints. In the case of a com¬ 
bat vehicle, as has been said, the Ordnance Dept, per¬ 
forms this function. This does not mean that the Ord¬ 
nance Dept, decides how the welding shall be done. The 
design of the joint involves decisions as to the location 
of the joint in the vehicle; the nature of each individual 
joint, whether butt, lap, comer, edge or tee; the type 
of wdd, whether single-bevel, double-bevel, single-vee or 
double-vee, etc.; and such dimensional details as the 
root opening, included angle and size of fill ts. 


How the welding will be done is left to the concern 
that will actually fabricate the vehicle. In this way the 
individual contractor is encouraged to select his own 
welding processes, whether a.-c. or d.-c., manual or auto¬ 
matic; to devise his own welding procedures; to select 
whatever kinds and sizes of electrodes he bdieves will 
work most satisfactorily; and to recommend joint de¬ 
sign changes which will simplify his operations or improve 
the quality of the vehicle. 

Welding Controls 

Since the details of welding are left to the discretion 
of the individual contractor, some form of control by the 
Ordnance Dept, is required to insure that the welded 
joints of production vehicles will actually be satisfactory, 
both from a structural and from a ballistic standpoint. 
This is particularly true because most of the important 
joints in a combat vehicle involve the welding of armor, 
which is a much more precarious operation than welding 
ordinary mild steel. Control by means of X-ray exami¬ 
nation of every weld, even if practicable,- would not be 
entirely satisfactory, for the reason that soundness 
alone provides no assurance of the ballistic properties* of 
a -weld. The methods of control employed by the 
Ordnance Dept, are of five types, namely: 

1. Review of contractors' welding procedures. 

2. Qualification tests of welding procedures. 

3. Qualification tests of welding operators. 

4. Inspection of welding in progress. 

5. Inspection of completed welds. 


* The term baUUtie propertks, when used in this sense, refers to the nbUitr 
of e welded joint to resist the shock end penetration incidental to the impact of 
a projectile. 



Fig. 1—Medium Tank M4 (the “General Sherman"). This 
the Principal Tank Employed in the North African Opera¬ 
tions and in the European Invasion 


* Ordnance Dept., ASP. 
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Fig. 2—76'Mm. Gun Motor Carxiaoe M18 (th« "HsUcat"). This High-Speod Tank 
Dostroyer Was Employed Efiectlvely in the European Inva^on 


Review of Contractois' Welding Procedures 

The U. S. Army specification which covers the weld¬ 
ing of armor is similar to many other welding codes and 
specifications (e.g., the A.S.M.E. Code for Unfired 
Pressure Vessels; the A.S.A. Code for Pressure Piping; 
the A.W.S. Code for Arc and Gas Welding in Building 
Constructions; etc.) in that it requires the contractor to 
establish and record the welding procedures which he 
intends to employ in production. The factors which 
must be included in such welding procedures are the 
same as those prescribed in other welding codes, namely: 
composition and thickness of base me^; dhnensions 
of root opening, root face and included angle; position 
in which the welding will be performed; type and size 
of electrodes; source of power, whether a.-c or d.-c.; 
welding current range and voltage range; location and 
number of passes; preheating temperature; etc. These 
written welding procedures are subnutted by each con¬ 
tractor to the Chief of Ordnance for review prior to 
qualification of the procedures or welding operators. 

Ordnance review of these welding procedures consists 
chiefly of checking the joint designs for conformance 
with the applicable drawings, and seeing that the 
contractor has not omitted any important factor. In 
addition, comment may be made if some specific detail 
of the procedure seems irregular or unreasonable, as for 
example if the range of welding current for a given size 
of electrode is unusually wide. (Recommended maximum 
current variations, plus or minus, for electrodes of various 
sizes: 15% for electrodes, 10% for Vw ‘A- 

in. electrodes, 5% for */ie- and ’/a-in. electrodes.) There 
are two other important reasons for requiring the con¬ 
tractor to prepare written welding procedmes. The 
first is that it calls to his attention the fact that there 
are a large number of variables that must be controlled 
within reasonable limits if uniformly satisfactory welds 
are to be obtained. The second is that it provides some¬ 
thing tangible which the Ordnance inspector can use to 
ascertain whether production welding is being carried 
out in accordance with the contractor’s declared welding 
procedures. 

Qualification Tests of Welding Procedures 

Before a welding procedure is used in the fabrication 
of a combat vehicle, it must be qualified by means of 


certain prescribed tests. The prin¬ 
ciple and purpose of such tests are 
the same as in the case of welding 
pressure vessels, bridges, buildings or 
other important structures. In this 
case, however, since the application 
is distinctly different, the actual test 
requirements are also different. The 
details of the qualification test plate 
cannot be revealed at this time. 
Nevertheless, it may be stated that 
the test plate is welded by the con¬ 
tractor in accordance with his re¬ 
corded welding procedure, and then 
tested for soundness and ballistic 
properties. The test plate must pass 
both a radiographic examination and 
a ballistic test before the procedme is 
considered qualified. 

A procedtu-e once qualified may 
be used indefinitely, and for any 
vehicle, unless the contractor decides 
to make a change in the proce¬ 
dure. Specification requirements 
provide that a minor change which is not likely to affect 
the properties of the weld may be made without re- 
qualifying the procedure. A major change, however, re¬ 
quires that the new procedure be qualified in the same 
manner as the original. The Ordnance Dept, has en¬ 
deavored to reduce the number of requalification tests 
to a minimum consistent with safety. One method of 
accomplishing this objective has been to provide that 
requalification is not required in the case of a change in 
electrode brand, provided the new brand and the original 
brand have both been qualified imder some one grade, 
class and type of an Ordnance Dept, or U. S. Army elec¬ 
trode specification. These electrode qualification tests 
are .conducted at a Government laboratory, and lists 
are issued showing the commercial brands of electrodes 
that have been qualified under a given electrode speci¬ 
fication. Thus it is possible for a contractor to change 
from one to another electrode on the same list, without 
requalifying his procedures. 


Standardization in Ordnance Welding 

Shortly after the United States entered the present 
war, the Ordnance Dept, took steps to fill the need for 



Fig. 3—Heavy Tank M26 (the "General Pezahlng"). This 
New Tank Saw Action Dozing the Later Stagea ol the European 
Invasion 
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Ordnance Dept, standards and specifications relating to 
welding. • Fortunately the American Welding Society 
as well as other technical societies had been developing 
many such standards over a period of years. Inasmuch 
as those standards had reached a considerable degree of 
perfection and had been used extensively by American 
industry, the Ordnance Dept, was glad to adopt them as 
the basis' for many Ordnance specifications. As an ex¬ 
ample, it may be cited that the present Ordnance Dept, 
standards for welding symbols and welding nomencla¬ 
ture and definitions are identical with those issued earlier 
by the American Welding Society. The Army has 
also employed the A.W.S.-A.S.T.M. Specification for 
Iron and Steel Arc Welding Electrodes as the basis for a 
U. S. Army si>ecification. 

This cooperation between the Ordnance Dept, and the 
technical societies has been continued. It is a policy of 
the Ordnance Dept, to coordinate its standards and 
specifications with Industry before they are published, 
and the technical societies have afforded an excellent 
medium for this coordination. Another example of this 
cooperation was the appointment by the American 
Welding Society of an A.W.S.-Army Ordnance Ad¬ 
visory Committee to assist the Ordnance Dept, wherever 
possible on matters pertaining to welding. This com¬ 
mittee has already prepared a comprehensive “Ordnance 
Inspection Handbook for Manual Metal Arc Welding, 
which was published by the Ordnance Dept, somewhat 
over a year ago. 


Standeird Form for Recording 'Welding Procedures 


Hg. A —^Primary Modification of Form Used for Recording 
Welding Procedures 

Note: The data shown on this form are purely fictitious and in¬ 
tended simply to illustrate how the form might be filled in. 


Earlier in this article it was indicated that one of the 
welding controls exercised by the Ordnance Dept, is 
the review of the contractors’ welding procedures prior 
to their use in production. The difficulties which this 



Fig. 5—Perspective Drawing of Tank Hull Assembly Showing Locations of Typical Welded Joints 
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T«bl« I—Sunxmary of Walding Procodure Qualification Taats 
Base Metal Welding 


Joint 


Reference 

Procedure 

Status of Procedure Qualification Tests In Each Welding 

Position 

Designation 

Type of Joint 

Designationf 

No. 

Flat 

Horizontal 

Vertical 

Overhead 

A-A 

Double-V groove 
butt joint 

I 

1 

Passed 

(Plate No. 17) 

Not tested 

Not tested 

Not tested 

B-B 

Double-V groove 
butt joint 

I and III 

2 

Passed 

(Plate No. 18) 

Not tested 

Not tested 

Not tested 

C-C 

Double-V groove 
comer joint, 
fillet reinforced 

I and 11 

3 

Passed 

(Plate No. 19) 

Not tested 

Not tested 

Not tested 

D-D 

Single-V * groove 
butt joint 

land 11 

4 

Passed 

(Plate No. 20) 

Not tested 

Not tested 

Not tested 

E-E 

Double-V groove 
comer joint, 
fillet reinforced 

II 

5 

Passed 

(Plate No. 21) 

Not tested 

Not tested 

Not tested 

F-F 

Single-V groove 
ccHTier joint, 
fillet reinforced 

11 

6 

Passed 

(Plate No. 22) 

Not tested 

Not tested 

Not tested 

G-G 

Single-V groove 
comer joint, 
fillet reinforced 

II 

7 

Passed 

(Plate No. 22) 

Not tested 

Not tested 

Not tested 

H-H 

Fillet-welded tee 
joint 

II 

8 

Passed 

(Plate No. 23) 

Passed 

(Plate No. 26) 

Not tested 

Not tested 

J-J 

Fillet-welded tee 
joint 

I and II 

9 

Passed 

(Plate No. 24) 

Passed 

(Plate No. .26) 

Not tested 

Not tested 


* The data shown in this table are purely fictitious and intended simply to illustrate how the table might be filled in. 
t See Table II. , 


policy might have introduced may readily be imagined. 
The problem of devising some method of presenting all 
the pertinent factors of a welding procedure might have 
perplexed many an Ordnance contractor or subcontrac¬ 
tor. He had to indicate the composition and thickness 
of the armor or armors to be joined; the dimensions of 
root opening, root face and included angle; whether a 
backing or spacer strip was to be used; the position 
in which the joint was to be welded; the grade, type and 
class of electrode; the type of current, whether a.-c. 
or d.-c., and polarity if d.-c.; the size of electrode for 
each pass; the welding current range and arc voltage 
range for each pass; the location and number of passes; 
the preheat temperature, if any; the method of prepar¬ 
ing the root of the joint before welding the second side; 
and any other pertinent factors. Fifrthermore, the 
problem was directly multiplied by the number of joints 
involved, for this same information had to be supplied 
for every important joint in the structure. Not only 
would this have been a serious problem for the dozens of 
Ordnance contractors and subcontractors working on 
combat vehicles; it would also have meant a nearly im¬ 
possible task for the Ordnance Dept., whose job it would 
have been to review thousands of welding procedures 
presented in possibly a hundred different fashions. 

To preclude any such possibility, the Office, Chief of 
Ordnance—Detroit, evolved and presented to Ordnance 
contractors a standard form for recording a welding pro¬ 
cedure. Figure 4 illustrates the form in its primary 
modification. What it represents is an attempt to devise 
the simplest possible form for recording a complete weld¬ 


ing procedure.* It will be noted that all of the factors 
called for in most welding codes and specifications have 
been included, and that nevertheless the form is un¬ 
cluttered and the information conveyed is simple to com¬ 
prehend and analyze. 

In preparing a complete set of welding procedures for 
an entire vehicle, it is advisable to employ an isometric 
or perspective sketch of the entire structure, as illus¬ 
trated in Fig. 5. This sketch is then used as a key to the 
individual welding procedure forms, one of which should 
be filled in for every different joint in the structure. 

In connection with the use of these forms, it has been 
found desirable to prepare summaries similar to those 
illustrated in Tables I, II, and III. The tabular summary 
illustrated in Table I, although not specifically required 
by the Ordnance Dept., is nevertheless almost indis¬ 
pensable to this system of recording welding procedures, 
as it provides in one place a complete picture of the 
various joints involved and the positions of welding 
that have been qualified for each joint. The summary 
here illustrated serves the following purposes: 

1. It indicates the type of weld for each joint in the 
structure. (Qualification of the welding procedures is 
ordinarily based mi weld t 3 q)es.) 

2. It provides an index to ^e detailed welding pro¬ 
cedure for each joint. 

3. It indicates the kind of base metal in each joint. 

4. It simplifies the problem of determining the mini- 

* Strictly speaking, the writer should perhaps use the term joint wtlding 
procedure rather tbu simply velding procedure, since the procedure refers 
only to welding a particular joint and does not encompass such items as the 
sequence of welding the various joints in a structure. 


Table Il-^iunmary o£ Base Metal Tjrpes, Compoaitiona and Heat Treatmenta* 


Base Metal 


Specifi¬ 






Reference 


cation 

Manu- ' 


~Ohcinic^ Composition Rftnzci 


s -- 'XAWL XI 


Designation Type 

No. 

facturer.^ C 

Mn 

Si 

S 

P 

Cr 

Ni 

Mo 

V Quench 

Temper 

I 

RoUed 

XYZ 

“X” ‘ 0.26 

0.96 

0.60 

0.035 

0.035 

0.60 


0.20 

.. lOSO® F., water 

800® F., 2 hr. 




0.30 

1.16 

0.90 

max. 

max. 

0.70 


0.25 



II 

Rolled 

QRS 

“Y” 0.23 

0.85 

0.20 

0.04 

0.03 

0.76 

0.90 

0.30 

.. 1575® F., water 

600® F., 4 hr. 




0.30 

1.00 

•0.30 

max. 

max. 

0.90 

1.10 

0.35 



III 

Cast 

TUV 

“Z” 0.21 

1.30 

0.26 

0.05 

0.05 

0.20 


0.25 

.. 1600® F., water 

1100® F., 2 hr. 




0.31 

1.80 

0.75 

max. 

max. 

0.70 


0.45 




* The data shown in this table are purely fictitious and intended simply to illustrate how the table might be filled in. 
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Tabl« HI—Suznnxary of Electrodes and Welding Currents and Voltages* 


A. Electrodes Conforming with Specification ABC-123: 


Electrode 

Reference 

Designation 

Manu¬ 

facturer 

Brand 

Name 

Grade 

Type 

Class 

A 

“X” 

Bestweld 

V 

1 

1 

B 

“X” 

Superweld 

VI 

1 

1 

C 

‘■Y’* 

Bestalloy 

VI 

1 

1 

D 

"Y" 

Superloy 

VI 

3 

2 

£ 

"Z” 

Bestarc 

V 

1 

1 

F 

"Z” 

Superarc 

VI 

1 

1 


B. Electrodes Not Conforming with Specification ABC-123: 


Electrode 

Reference Manu- Type of «-Chemic^ Composition Range, %— -- 

Designation facturer Brand Name Coating C Mn Si S P Cr Ni Mo V Others 




(Core wire 0.15 

3.50 

0.26 

0.03 

0.04 

19.5 

9.0 


Excelweld 

Lime 

) max. 

4.50 

0.60 

max. 

max. 

21.5 

10.5 




] Deposited 0.17 

3.00 

0.80 



18.0 


o '.«) 



\ weld metal max. 

4.50 

max. 



20.6 


1.00 .. 



(Corewire 0.15 

1.50 

0.25 

oloa 

0.04 

19.5 

9^0 


Wonderweld 

Titania 

) max. 

2.00 

0.60 

max. 

max. 

21.5 

10.5 




j Deposited 0.17 

1.25 

0.80 



18.0 


l'.^ 



f weld metal max. 

2.00 

max. 



20.5 


2.25 .. 


C. Ranges of Current and Voltage'to Be Used with Each Size Electrode: 


. ■ ■— ■Current Range, Amp. ■ ■ —• • ■ Voltage Rimge ' - - 

Diam. of Flat ' Vertical Horizontal Overhead Flat Vertical Hcxizontal Overhead 

Electrode Position Position Position Position Position Position Position Position 

V« 86-115 75-100 80-105 75-100 21-28 20-26 20-28 20-26 

Vi* 160-185 135-166 145-175 135-166 23-29 22-27 22-27 22-27 

V* 200-245 . 190-230 . 24-30 ... 23-28 

Vii 310-340 . . . 26-32 


* The data shown in this table are purely fictitious and intended simply to illustrate how the table might be filled in. 


mum number of tests required to qualify all welding on 
the structure. 

5. It provides space for recording the results of pro¬ 
cedure qualification tests. 

6. It indicates whether a given procedure has been 
qualified, whether that procedure has been qualified in 
more thaai one position of welding, and provides support¬ 
ing evidence by indicating exactly what test plates 
effected the qu^fication. 

Tables II and III illustrate two other forms that have 
been fotmd useful in connection with this system. The 
use of these tables will make it possible to simplify the 
welding procedure form illustrated in Fig. 4, since the 
detail^ information on base metal composition and heat 
treatment, types of electrodes and welding current and 
arc voltage ranges can be indicated simply by reference 
to a table. Figure 6 illustrates how the form illustrated 
in Fig. 4 will appear after these simplifying modifica¬ 
tions. It will be noted that brief references to Tables II 
and III replace the detailed description of the base 
metal, the designation of the welding electrodes and the 
listing of the welding current and arc voltage for each 
pass. The value of this simplification will be evident 
when it is considered that this form is filled out for each 
of the dozen or more different joints in a given assembly 
or subassembly. 

When the system outlined above is employed in pre¬ 
paring a complete set of welding procedures for a given 
structme, the following steps are carried out in the order 
indicated: 

1. Prepare an isometric or perspective drawing of the 
complete structure or subassembly showing the locations 
of the welded joints (Fig. 5). 

2. Prepare a chart assigning a welding procedure 
number to each joint and providing spaces for indicating 
the status of procedure qualification (Table I). 

3. Prepare a chart indicating the pertinent data for 
each kind of base metal incorporated in the structure 
(Table II). 


■•laliif freewr* Ho. 


0*t*M« of ^Ut: 




1 _ 1 

>••• HiUl (r*f*rM«* 

ElMtrotf* (raf*r*ne* B,C om _ 

ftmr Scare* (AC or DC) Po'arttr nr. D-C. 

VtldlKO Carroftt S Arc Buf ^9 arATeO /N TMOLe 

Ua* of SMttar Coafooitd o* Se«r(*d Edg**.—- 




poiltlon of *»»«!— 

Postiwttlng_ 

Details of Hsldleg Procedure: 



Fig. 6—Simplified Version oi Form Used fer Recording Welding 
Procedures 

Compare this form, which utilizes the charts illustrated in Tables 
II and III, with the form shown in Fig. 4. (Note: The data shown on 
this form are purely fictitious and intended simply to illustrate how 
the form might be filled in.) 
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4. Prepare a chart indicating the pertinent data for 
each brand of electrode to be used in fabricating the 
structure (Table III). 

5. Record the wdding procedme to be used in weld¬ 
ing each joint, utilizing the form illustrated in Fig. 6. 

6. Determine, by r^erence to the applicable code or 
specification, the minimum number of tests required to 
qualify all of the welding procedures to be used on the 
structme. 

7. Conduct the required procedure qualification tests. 

8. Record the resets of the procedure qualification 
tests in the appropriate spaces of the chart mentioned 
in step 2 (Table I). 

Adaptability to Commercial Non-Ordnance Welding 

Ihe forms and tables here presented have been ex¬ 


plained in detail because of their possible usefulness in 
commercial non-Ordnance welding. This is particularly 
true in the case of welding being performed under the 
requirements of a code or other regulations, such as a 
municipal building code, the A.S.M.E. Unfired Pressure 
Vessel Code, or the Rules for Building and Classing 
Steel Vessels of the American Bureau of Shipping. Since 
the forms are easily reproducible, copies may be obtained 
for all who will have use for them. One copy can be used 
by the welding shop as a job sheet. Another copy can 
be used by the inspector on the job as a check list to 
verify that the welding procedures actually in use cor¬ 
respond to those that have previoudy been qualified. 
Still other copies will be required as part of the contrac¬ 
tor’s permanent records for future reference, and for the 
records of the inspection agency in the event that the 
fabrication and the inspection are not performed by the 
same organization. 


Emergency Repair of 
Magnesium Parts by 
Gas Welding* 

M agnesium parts which have broken or cracked 
usually can be suflSdently repaired by gas 
welding to enable the part to be placed back 
into use. Generally speaking such repair should be 
considered only as a temporary measure until a replace¬ 
ment part can be obtained. This is particularly trae in 
the case of repairs made on magnesium castings. The 
emergency wdding of magnesium parts often requires 
deviation from normal practice in order that the parts 
may be placed back into service quickly. Examples of 
such deviation are: The use of multiple bead welds, 
the welding of sections that are impossible to thoroughly 
clean, the welding of cast metal, and inadequate clean¬ 
ing of welds due to lack of facilities. 


Materials and Equipment 

Table 1 serves as a guide to the selection and regula¬ 
tion of welding equipment when using oxyacetylene gas. 
The welding of heavy sections may sometimes require 
the use of tip orifice diameters larger than the maximum 
of 0.059 in. specified in the table. 

* Ma^esium Dlvinon, The Dow Chemical Company, Midland. Michigan. 


Table 1—Otiide to Selection and Regulation of Oxyaeetylene 
Welding Equipment 


Metal 

Welding 

Rod 

Tip Orifice 

Oxygen 

Pressure 

Acetylene 

Pressure, 

Thickness, 

Diameter, 

Diameter 

Lb. per 

Lb. per 

Inches 

Inches 

Inches 

Drill No. 

Sq. In. 

Sq. In. 

0.020 

Vi«-Vii 

0.035 

65 

1 to 4 

1 to 3 

0.032 

ViH/b 

Va-Vi 

0.035 

65 

3 to 5 

1 to 3 

0.040 

0.035 

65 

3 to 5 

1 to 3 

0.051 

v«-v. 

0.035 

65 

3 to 5 

1 to 3 

0.064 

Vb-V. 

0.040 

60 

3 to 5 

3 to 5 

0.072 

Vb“V. 

0.040 

60 

3 to 5 

3 to 6 

0.081 

Vb-^A 

0.046 

56 

3 to 5 

3 to 5 

0.091 

Vi -Vb 

0.046 

56 

3 to 5 

3 to 5 

0.128 

Vi -Vb 

0.059 

53 

3 to 5 

3 to 5 


Torch: An ordinary oxyacetylene torch can be used. 
Tips with orifice diameters ranging from 0.035 in. to 
about 0.081 in. should be on hand. 

Welding Rod: Magnesium alloy welding rod is used 
and it should be of the same composition as the material 
being welded. If rod of the same composition is not 
available, a rod of a different magnesium alloy slightly 
lower in melting point may be substituted. If standard 
welding rod is not available it is possible to use strips cut 
from sheet, extrusions or castings. Such strips should be 
thoroughly cleaned immediately before use with steel 
wool, emery cloth or by scraping. Extruded welding 
rod is available in convenient 36 in. lengths in a variety 
of alloys and diameters as listed in Table 2. A conven¬ 
ient color identification is used to distinguish rods of 
different compositions. 


Table 2— Magnaaium Alloy Welding Rod* 


Dowmetal 

Meltbg 
Point, * F. 

Color 

Alloy 

Identification 

C 

1110 

Yellow and red ’ 

FS-1 

1160 

Blue and green 

H 

1135 

Green and black 


1145 

Yellow and green 

M 

1200 

Yellow 

0-1 

1130 

Green and purple 


• Rod diameters—inches ’/«, */**, */«, */i«, */«• 


Welding Flux: A welding flux must be used to prevent 
oridation of the metal dtuing the oxyacetylene welding 
of magnesium. Dow 450 and 460 welding fluxes are 
esped^y recommended for this purpose. If these ma¬ 
terials are not ayailable, satisfactory repair welds can be 
made with most aluminum welding fluxes. 

Dow fluxes for magnesitun are supplied as a dry 
powder which is prepared for use by mixing two parts of 
the powder with one part of water. After opening a 
bottle of flux, it should be kept tightly closed because 
welding fluxes for magnesium are hygroscopic and will 
take on moisture. The mixing of the flux and water 
paste should be done in glass containers which should be 
kept covered when not in use. Metal containers are not 
recommended because of the chances for contamination 
of the flux. 

Operator's Equipment: Welders working with mag¬ 
nesitun alloys shoiffd wear gloves and the usual type of 
welding goggles. Blue glass gives best visibility during 
welding. 
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Field Repair of Magnesium Castings 

The first step in making a repair on a magnesium cast¬ 
ing is to clean the casting thoroughly from grease, oil, 
dirt, chemical coatings, paint and the like. This can be 
done by the use of alkaline cleaners, carbon tetrachloride, 
gasoline or soap and water. 

After cleaning, the immediate area in which the repair 
is to be made must be prepared. The edges of the hole, 
crack or other type of defect must be dressed down to 
clean, sound metal. This may be accomplished by 
routing, filing, chipping, scraping, or similar means. 
The slope of the sides of the defect should be about 45®. 
If a defect penetrates the wall of the casting, a land or 
root face of about in. should be left on the bottom 
side. The surface of the casting around the zone to be 
repaired should also be scraped, sanded, filed or wire 
brushed, to be certain that all oxide, paint or other 
coatings are removed. 

The first step in the welding operation is to apply the 
flux paste with a small brush to the edges of the area to 
be welded. Before starting to weld, the torch should be 
adjusted to a neutral or slightly reducing (carburizing) 
flame. The torch should be adjusted to a V 4 fe- inner 
cone or until such inner cone slightly “feathers” at the 
tip when the oxygen pressure is lowered. 

The casting to be welded should be preheated with the 
torch or in a furnace before actual welding is started. 
The entire casting should be brought up to a preheat tem¬ 
perature of about 650° F. A mark made on the casting 
with ordinary blue carpenter’s chalk will turn white 
when a temperature of approximately 600° F. is reached. 
Actual welding is started by slowly preheating a small 
area with a fanning action of the welmng flame. As the 
metal begins to melt, the welding rod is dipped into the 
molten puddle and Uien withdrawn as sufficient molten 
metal is obtained. The rod is held in the outer flame 
and is dipped into the puddle intermittently, the torch 
being moved forward as rapidly as possible. The flame 
should be moved forward in a straight line, the torch be¬ 
ing inclined at about 45° to the work. All welds should 
be made in a one continuous pass if possible, since this 
keeps the surrounding metal up to temperature. If 
insufficient heating is being maintained, as indicated by 
cracking, a larger tip size is indicated. 

After welding is completed, the casting should be 


placed in a furnace for one hour at about 650® F. If no 
fmnace is available, a gas flame can be played over the 
entire casting to bring it up to a temperature of about 
650® F., after which the casting should be allowed to 
cool slowly away from drafts. 

When the repaired casting is cool enough to handle 
with the bare hands, all excess flux should be removed by 
thorough scrubbing with a stiff bristle brush and plenty 
of hot water. 


Welding of CaBtings to Wrought Parts 

When magnesium fittings or castings are gas welded 
to sheet or extrusions, the edges of heavy cast sections 
should be tapered or beveled down to the thickness of 
the sheet or extrusion. If such sheet or extrusion exceeds 
Vs in. in thickness, it likewise should be dressed down. 
The casting should be thoroughly preheated with a torch 
or in a furnace to about 650° F. before starting to weld. 
During the actual welding operation, the welding flame 
should be directed principally upon the casting. 


Field Repair of Wrought Magnesium 

The repair of wrought magnesium parts by gas welding 
does not require preheating. Otherwise the procedure is 
the same as recommended for the gas welding of castings. 


Cleaning and Painting 

Gas welds should be cleaned immediately after com¬ 
pletion by scrubbing with a stiff bristle brush and plenty 
of hot water. Next they should be immersed for 1 min¬ 
ute ina “Chrome-Pickle” solution consisting of iVi pints 
of nitric acid and IV* pounds of sodium dichromate 
(Na«Cr 207 * 2 Hj 0 ) plus enough water to make one gallon 
of solution. After thorough rinsing and drying, parts 
should be painted. In the case of emergency repair 
jobs, the ingredients for making the “Chrome-Pickle” 
bath may not be available. When such is the case, gas 
welded parts should be painted immediately after scrub¬ 
bing with the brush and hot water. 
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Welding of LST's at Seneca, Ill. 

By L. C. Stiles* 


T he Shipbuilding Division of the Chicago Bridge 
& Iron Co. has recently completed and delivered 
to the Bureau of Ships, Navy Dept., its 157th and 
last LST (Landing Ship Tank) called for on the Seneca 
shipbuilding program. Some of the methods employed 
there may be of interest to others in the shipbuilding 
industry and to anyone concerned with the construction 
of large welded structures, as they might be profitably 
applied to other work of comparable size. 

To better understand the welding problem, it seems 
advisable to briefly describe the ship and the facilities 
at Seneca for its construction. 


The LST 

The LST is an ocean-going, Diesel-powered ship 327 
ft. long, has a 50-ft. beam and is 3 decks high. It has a 
flat bottom and shallow draft. Under normal loading 
the bow end draws about 7 ft. less water than the stem 
to facilitate landings on beaches. The bow is equipped 
with hinged doors which swing horizontally. Just be¬ 
hind the doors is a ramp which is hinged at the bottom 
and which can be lowered when the bow doors are open. 
Over this ramp, tanks or other vehicles can be driven 
under their own power from the ship’s cargo space, which 
is 30 ft. wide and about 200 ft. long, to a beach. A 


second ramp, hinged at the main deck level, can be 
lowered to connect with the upper end of the bow ramp 
which makes it possible to also drive vehicles carried on 
the main deck directly to a beach. This arrangement 
permits unloading in a minimum length of time which, 
during an invasion, is of utmost importance. Approxi¬ 
mately 1200 tons of steel plates and stmctural shapes 
went into each ship. Three-eights-inch plate was used 
in the bottom and sides except at the bow end and in the 
bilge course where slightly heavier plates were used. 
Decks, bulkheads and the superstmcture were Vn-. 
V 4 - and plates. Double lap-welded joints were 

used throughout in the plate work except in the heavier 
plating in the bow end and in the bilge course where 
single-V butt joints were used. Roughly 60,000 lb. of 
welding electrodes were used per ship at S^eca. Several 
thousand additional pounds per ship were used in our 
fabricating plants on preassemblies. 


The Shipyard 

The shipyard at Seneca (Fig. 1) occupies a 192-acre 
tract of flat land on the north bank of the Illinois River 
70 miles southwest of Chicago. The site was previously 
pasture land with a thin layer of top soil over solid 
sandstone. The top soil was removed leaving a surface 
of sandstone on which foundations, roads and railroads 
were built at very low cost. Because of this fine site, 
it was possible to spread the work out 
over a much larger area than is possi¬ 
ble in the average shipyard with the 
result that much of the usual conges¬ 
tion, and consequent loss of efficiency, 
was avoided. You will note in Fig. 1 
that there were 3 parallel rows of 
ships under construction. There were 
8 building berths on the east or near 
side of the yard and 7 on the west or 
far side of the yard. The middle row 
consisted of 15 transfer berths, 5 of 
which were occupied by ships at the 
time this picture was taken. The 
hulls were completely fitted and 
welded on the two side rows of build¬ 
ing berths. When each hull was com¬ 
pleted, it was picked up on 16 special 
cars (Fig. 2) and moved to the middle 
row of transfer berths. 

Readers interested in heavy rigging 
may be interested in these cars and 
may be curious to know bow such a 
load could be equally divided among 
16 cars. These cars were designed to 
carry 100 tons each. The platforms 
are movable vertically and may be 
raised or lowered by means of a hy¬ 
draulic jack built into each car be¬ 
tween the frame of the car and the 


* The author was the Hull Welding Superintendent on this project. He is 
presently the welding engineer at the company's Birmingham, Ala. plant. 



Fig. 1—This View of the Seneca Yard Was Made in February 194S, at Which Time 
There Were Still Ships Under Construction on All 15 Construction Bertha. Five 
Ships Were on Transfer Berths and 3 Tied Up to the Dock 
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Tig. 2 —One of 16 Care Used to Transfer Ships from Building 
Berths to the Launching Ways. The Capacity of Each Car b 
100 Tons 


platform. A pressure gauge was connected to the oil 
cylinder and indicated ^e load on the car at all times. 
While a ship was being moved, one man walked along 
beside each car watching the gauge and raised or lowered 
the jack to maintain the desir^ pressure as his car passed 
over an uneven section of railroad track. Moving a ship 
from a side building berth to a center transfer berth, 
a distance of 400 ft., required only 15 min. and was 
always scheduled during a limch period. 

The installation of piping, mechanical and electrical 
equipment, insulation and outfitting items was started 
while the ships were on the side building berths, but the 
bulk of this work was done while they were in the center 
row of transfer berths. As the work progressed, each 
ship was from time to time moved along the row of trans¬ 
fer berths toward the single set of launching ways at the 
edge of the river. At the time of launching, each ship 
was 90% complete. After launching, the ship was tied 
up at the dock in the wet basin where the last 10% of the 
work was completed, which consisted chiefly of loading 
aboard the last of the outfitting items, fuel oil, fresh 
water and provisions, conducting dock trials, making 



Fig. 3—Typical Shop ProafsembUes Arriving in Seneca from 
Our Fabricating Planta at Chicaao, Ill., Birmingham, Ala., and 
Greenville, Pa. 


final adjustments and touching up the paint. Each ship 
was commissioned and turned over to a Navy crew who 
departed with it down the Illinois River toward the 
Mississippi, New Orleans and the Gulf of Mexico. 

The original contract was for 40 ships, to be delivered 
during the 1943 calendar year at the rate of 1 per month 
on the first 2, 3 per month on the next 6, then at the rate 
of 1 per week for the balance of the contract. Delivery 
schedules on succeeding contracts were gradually stepp^ 
up until a rate of 7 ships per month was reached where 
the schedule leveled off. All ships were delivered on or 
before the scheduled delivery dates. 

The Task System 

There had never been any shipbuilding and but little 
heavy construction work in the ^neca area. Therefore, 
the available labor in the vicinity was very inexperienced 


Fig. 4—Shop Proawmblod Box Sectioiu in Storago Yard at 
Seneca 



Fig. 5—Lower Bow Preasaembly in Foreground. In the Umwr 
Right-Hand Comer May Be Seen Two Upper Bow Preaeeembues 


in the work to be done. There were farmers, coal miners, 
glass workers, automobile mechanics, housewives and 
even preachers hired to help build ships who had to be 
trained. Since it would take too long to train enough all- 
around mechanics in each craft to complete the ships 
within the allowed time, individuals were picked and 
trained to do one small part of the work done by any 
particular craft. This was similar to the practice followed 
by the automobile industry on assembly lines. The 
difference was that since the ships could not be moved 
to the man, the man moved from ship to ship. From 10 
to 15 such individuals were grouped together into a crew 
under a subforeman. Enough work, which was called a 
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in Place. All Down-Hand and Vertical Weldf Were Made at 
Thia Stage, Before the Shin Plates Were Fitted 


task, was assigned to each crew to keep it busy for one 
building period on one ship and the same work was re¬ 
assigned to each crew on every ship. The length of time- 
covered by one building period varied from 1 wk., when 
1 ship per week was being built, down to 3Vi days, when 
7 ships per month were bang built. Thus, a green worker 
was quickly taught to do a particular job, or task, on 
every ship as a part of a particular crew. He and his 
subforeman knew just how much time they had to com- 
(>lete that job. To avoid the possibility of several crews 
trying to work in one compartment at the same time, 
the total time which was scheduled to elapse between 
the laying of the keel and commissioning was divided 
up into 20 work periods, and one of these periods was 
assigned to the crew as the definite time during which it 
was expected to do its work. By careful sch^uling, it 
was generally possible to avoid working more than one 
crew in any compartment at any one time. 

As an example of how this system was applied to the 


Fig. 7->-View of Lower Stem with Fitting of Skin Flatee Under 
Way. Fitting Devices Are in Evidence in This View 


welding, one crew, consisting of a subforeman, 10 welders, 
2 chippers and 2 welder helpers, was assigned to weld the 
deck house on every ship and allowed the eleventh build¬ 
ing period on every ship in which to do it. After weld¬ 
ing several deck houses, this crew had memorized the 
wddtng sequence, type and size of rod for each weld, 
weld sizes and how to best place their bodies to make 
obstructed welds. Other crews assigned to the welding 
of other parts of the ship became especially proficient 



Rg. 9—Upper Stem Preaseembly Setting Upside Down on lig. 
The Down-Hand and Vertical W^ds Were Made While the Unit 
Was on the Jig. After This Section Was Turned Right Side Up and 
ntted to the Ship, the Balance of the Welding Was Completed 


Fig. 8—Lower Stem Preassemhly with Skin Flatee Fitted 
Ready for Welding 





Fig. 10—Bottom Plates with Longitudinal Angles and Tians* Fig. ll—Transrerse Bulkheads, Lower Wing Boxes and 

verse Frames Attached Setting on a Building Berth Lower Bow Preassembly Have Been Erected 


in their particular jobs. The value of this plan was 
demonstrated on several occasions when it became neces¬ 
sary to temporarily assign a crew to work in some other 
part of the ship which was new to them. Production in¬ 
variably dropped off from 10 to 15%. In the case of 
crews permanently assigned to new work, from 2 to 4 
wk. were required for them to learn the new job well 
enough to produce at a normal rate. 


Training Welders 

When the yard was started, the company transferred 
a number of field welders to Seneca, most of whom were 
used as instructors or supervisors. In addition, a number 
of skilled welders were hired at the gate. Eighty per 
cent of the welders eventually used in the yard, however, 
had to be trained. To do this, welding schools were set 
up in several nearby towns, as well as in the shipyard. 
The outside schools, in general, gave students a fair 
knowledge of the fundamentals of welding, but very few 
were able to pass the Navy welders’ qualification test 
at the end of their course of training. The students 
were then hired at the shipyard either as tack welders 
or as student welders. In the early days of the yard, 
students who could pass the test were put on production 
work immediately and given considerable more instruc¬ 
tion by the subforemen over the welding crews. When 
the shortage of welders eased slightly, students were 
required to tack for at least 2 mo. before going ori produc¬ 
tion welding. Tacking helped the students tremendously 


as it gave them a chance to see welding and welded work 
aboard the ships with the result that they had a much 
better idea of what was expected of them when the time 
came for them to start on production welding. .Another 
advantage was that while tacking, they gained some 
knowledge of fitting. Those who had tacking experience 
generally exercised better judgment than those who 
didn’t have that experience whenever it was necessary 
for them to decide whether a given seam was or w’as not 
properly fitted for welding. 

It is generally assumed that the new crop of wartime 
shipyard welders learned the trade in welding schools. 
It is true that most of them were taught the fundamentals 
of welding in the schools and they did learn to make 
passable test plates under the most favorable conditions. 
To give this partial training to so many in so short a 
time was a real accomplishment and much credit is due 
to the schools and instructors in them. At Seneca, the 
subforemen over the welding crews, all of whom were 
themselves first-class welders, took over the task of 
completing the training of the student welders as soon 
as their formal schooling was completed. It was their 
duty to make finished welders out of the student welders. 
Approximately 25% of the average welder’s instructions 
were received while in one or more of the welding schools. 
The other 75% was received from the welding subfore* 
men while on production work. We feel sure that the 
additional instruction given our student welders by our 
welding supervisors definitely speeded up the develop¬ 
ment of highly skilled welders which, in turn, con¬ 
tributed greatly to the general quality of the welding 
which went into the ships built at Seneca. 
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Fl9> 13—^Here the Upper Bow, Bow Ramp and Bow Doors Have Fig. 14—Bow End with Bow Doors Open. The Lower 

Bmp Fttted. Notice the Simple Scanolds. This Was the End of the Upper Ramp Leading to the Main Deck and the 

Standard Type Used for Practicwy AU Scaffolds on the Outside Uj^r End the Lower Ramp May Be Seen in This View 

of All Ships 
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Fig. 12 —The Upper Bos Sections Have Been Erected. The 

Upper Bow Preassembly Sets on the Ground Ready to Be 
Turned Right Side Up and Set in Place on the Ship 

The Incentive System 

The Chicago Bridge & Iron Co. has for many years be¬ 
lieved in paying for production work on an incentive 
basis. Before the introduction of arc welding, work on 
riveted structures was paid for on a piecework basis. 
Since welding was first introduced, it has been paid for 
also on a similar basis. During the course of years, piece¬ 
work rates have been developed which were applied to 
the welding at Seneca. The advantages of piecework 
welding on this work were as follows: 

1. Approximately one-half as many welder man¬ 
hours were required to weld an LST at Senca as were re¬ 


quired to weld an LST at other yards where the welders 
were paid on an hourly basis. 

2. Since the average piecework welder produced twice 
as much as the average day work welder, only half as 
much welding equipment was needed for the work. 

3. A more ambitious type of worker was attracted to 
the welding because of the possibility of higher than aver¬ 
age earnings, depending upon his skill and speed. As a 
group, the piecework welders were the hardest working 
craftsmen in the yard. 

4. A higher standard of quality could be and was de¬ 
manded of the piecework welders. 

5. Weld sizes were kept closer to the required sizes, 
which tended to minimize residual stresses, the waste of 
welding rod, electric power and time which results from 
making oversized welds. 

6 . Welders on piecework were more willing to use the 
largest size electrodes possible for a given weld than were 
welders who were paid on an hourly rate. This avoided 
much wasted time due to the use of smaller rod than 
necessary. Various sizes of rod were used in the follow¬ 
ing proportions: 

Vi in.—25% 

Vm in.— 4% 

Vifl in.—47% 

V« in.-22% 

Vs in.— 2% 

There were certain disadvantages of piecework which, 
even though they did not begin to equal the advantages 













on this work, should be mentioned. They were as fol¬ 
lows: 

1. Most piecework welders were inclined to cut down 
on weld sizes and to use more heat than they could prop¬ 
erly handle. Close inspection by the supervisors was 
necessary. Faulty work was repaired by the welder who 
did it with no pay allowed for the repairs. Welders soon 
learned they could earn more by doing their work right 
the first time. 

2. The accounting problem was considerably greater 
when working piecework. It was necessary to keep very 
detailed records of all work performed. To avoid argu¬ 
ments, pieceworkers had to be paid to the penny exactly 
what they earned. 


Inspection 

Under piecework disadvantage No. 1, attention is 
called to the necessity of close inspection. In addition to 
the usual visual inspection, lyg-in. diameter circular 
plugs were periodically cut from each welder’s work by 
the trepanning method. These plugs, containing a sec¬ 
tion of weld, were deep-etched by boiling in a 50% hydro¬ 
chloric add solution for 30 min. and then examined for 
faults such as slag or gas inclusions, incomplete fusion, 
cracks or any other defect that could not be seen on the 
surface. Also, throat thicknesses of lap and fillet welds 
were checked. For instance, many arguments regarding 
the size of lap welds were quickly settled by cutting a 
plug from the weld in question and measuring the 
throat. Welds found to contain bad defects had addi¬ 
tional plugs cut from them to determine the length of the 
defect and were chipped out and rewelded. A record 
of all plugs cut from each welder’s work was kept and 
each welder was rated according to his percentoge of 
good plugs. If his rating fell below 75%, he was either 
demoted to tacking or sent back to school for further 
instruction and a retest. Each plug cut was shown to 
the welder who made the weld from which it was re¬ 
moved, and to his subforeman who was also held re¬ 
sponsible for the quality of the work. The welders and 
the subforemen were extremely interested in their plugs 
and unquestionably learned much by examining them. 
Every few months a list of all welders showing their plug 
ratings was printed and distributed. Welders with high 
ratings bragged about their ability and were careful to 
maintain their high rating. Those with low ratings 
generally worked harder to improve their ratings before 
the next list was distributed. This method of inspection 
has been used by the company with considerable success 
for the past 10 yr. 
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15—Main Deck Looking Forward from Navigating Bridge. 
Notice Welding and Ventilating Equipment in the Foreground 
and Central Portion ^ This Picture 



welding in these sections was in vertical connections in 
the structural members and was welded with Virin. 
diameter rod. Fig^es 5 to 9 show bow and stem pre¬ 
assemblies. You notice that all bow and stem sec¬ 
tion views show them setting on the jigs upside down. 
While in this position all of the down-hand seams were 
welded, to avoid welding them overhead after the sec¬ 
tions were set right side up on the ship. Vertical seams 
in preassemblies were, with few exceptions, welded while 
the units were still on the jigs. The balance of the weld¬ 
ing on each section was left to be -completed after the 
sections were set in place and fitted to the rest of the ship. 
By this procedure, the amount of slow, expensive, over¬ 
head welding was kept to a minimum. 


Preassemblies 

The hull material was fabricated, preassembled and 
welded into sections as large as could be shipped by rail 
in our plants located at Chicago, III., Birmingham, 
Ala., and Greenville, Pa. Each plant was assigned a 
certain portion of the ship, built die necessary jigs and 
specialized in the production of its partic^ar part. 
(Figs. 3 and 4.) 

Many larger preassemblies, which could not be shippied 
by rail, were made at Sepeca. Bottom, third deck and 
main deck sections measuring 24 x 30 ft. were assembled 
on jigs, the stmctural stiffeners attached and welded on 
the top side. They were then turned over and welded 
on the other side. This permitted doing 90% of the 
welding on these sections in the down-hand position 
using diam eter electrodes, the largest diameter 

allowed by the specifications. The other 10% of the 


Welding Procedures 

Figures 10 to 18 show the progress of the constraction 
from the laying of the keel to the launching. A general 
idea of the methods used can be had by examining these 
views. 

The welding procedures for the various parts of the 
ship were worked out and sketches were made showing 
the joints to be welded in a given section. By means of 
numbers placed on the joints, the sequence of welding 
was clearly indicated. The joint marked 1 was welded 
first, the one marked 2 was welded second, etc., in 
numerical order. In the early days of the first few 
ships which were built on a comparatively slow schedule, 
it was possible to follow a rather conventional procedure. 
The 30- x 24-ft. bottom sections were laid on a building 
berth and welded together. The keel beams were set 
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tig. 16—Aft End of Main Deck, Deck Honae and Pilot Houae. 
Anti«alrcraft Gun Emplacements Are Very Much in Evidence. 
Several Other Ships at Various Stages of Construction Appear 
in the Background 



Rg. 17—This Ship Was 85% Comi^ete When This Picture Was 
Taken. A Week Later, It Was Launched 


Up, welded together, then tacked to the bottom. The 
keel was then welded to the bottom, starting at midship 
and working forward and aft. These welds were back- 
stepped, as were all welds a foot or more in length 
throughout the ship. The welding on each side of the 
keel was kept nearly even to prevent drawing the keel 
beam out of line. The center compartment bulkheads 
were set up and welded to the bottom, starting at the 
keel and back stepping outboard. The lower box sec¬ 
tions were then welded together and to the bottom plating 
starting at midship and working forward and aft. The 
third deck and supporting structural work was then 
welded together and to the side box sections with the 
welding progressing from the middle of the ship both 
forward and aft. Then the preassembled lower bow and 
lower stem sections were welded to 
their respective ends which completed 
the ship up to the third deck level. 

The third deck to main deck box sec¬ 
tions and main deck sections were 
then welded together and to the third 
deck starting at midship and working 
forward and aft. After this, the upper 
bow and stem sections were welded, 
to complete the bulk of the hull weld¬ 
ing up to the main deck level. This 
procedure was considered good and 
entirely safe, but too slow to satisfy 
the demands for the delivery of LST’s 
at faster and faster rates. 

Everyone familiar with steel fitting 
knows that considerable force is 
usually used unfitting. They have 
seen tack welds break in completely 
fitted joints when too much force is 
used in fitting nearby seams. The 


reason for the failure of the tack welds is obvious. More 
stresses were being set up in the structiue by the use of 
force in fitting than the tack welds could carry, so the 
tacks broke. So far as residual stresses are concerned, 
there is no cause to worry because the tack welds are 
expected to develop only a small percentage of the ultimate 
strength of the completely welded joint. The usual pro¬ 
cedure is to refit the seam, making a small adjustment in 
the dimensions between the parts if necessary and 
retack it making the tacks a Uttle heavier. Likewise 
everyone has seen buckles appear in plate areas and 
bows come into structural members while fitting is in 
progress and before the welding is even started. Since 
the welding had not been started, these deformities could 
not be the result of welding stresses. They must be the 
result of fitting stresses. Such deformities are usually 
easily corrected by cutting open all or parts of nearby 
joints, adjusting dimensions across these joints tmtil 
the buckle or bow disappears, and retacking those 
joints. 

Because of the urgent need for speed, it was decided 
to deviate from the practice of completing the welding in 
each section before starting the welding in the adjoining 
section, as that practice seriously limited the number of 
welders that could work on a given ship at any particular 
time. After the bottom, k^ and engine bases were 
welded, the crews assigned to lower wing boxes, third 
deck sections and lower bows and stems were moved onto 
the ship. Each crew immediately proceeded with the 
welding of its regularly assigned section, even though the 
adjoining section had not been welded. Before the weld¬ 
ing below the third deck was completed, the crews as¬ 
signed to the various sections between the third deck 
and main deck were moved onto the ship and the welding 
of their regularly assigned sections got under way. In 
this manner, it was possible to be welding many sections 
of the ship simultaneously, which, in turn, made it possi¬ 
ble to use more welders per ship. Naturally, by using 
more welders, each ship was welded in a shorter period of 
time. It was reasoned that it was safe to do this because 
the tack-welded seams between the various scattered 
sections being welded could be watched and would give 
warning of mounting residual stresses which might be¬ 
come dangerous, '^e tack welds, plate areas and 
stractural members were under constant watch for signs 
of distress which would show up in the form of broken 
tacks, buckles in the plate area or in the bowing of struc¬ 
tural members. If none of these adverse results were ob¬ 
served, the residual stresses were assumed to be no more 
severe than the usual residual stresses ordinarily set up 
by the fitting, which were considered to be tolerable. In 
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Fig. 18—LST 1150. Waterborne After Launching. At This Stage, It Waa 90% 

Complete 
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a very few instances, tacks were broken or deformation 
restilted. This usually necessitated some readjustment of 
joint dimensions before retacking. In some cases it was 
necessary to cut loose seams already welded to relieve 
the stresses causing buckles in the plate or bows in struc¬ 
tural members. The welding sequence of course was 
immediately changed to avoid a recurrence of the diffi¬ 
culty. 

Cold Weather Welding 

It is generally agreed that welding during cold weather 
is not desirable. The danger of cracks occurring in the 
plate or in the welds is considerably greater. Here again, 
in the interest of speed, it was decided to deviate from 
the generally accepted good practice of stopping the weld¬ 
ing at low atmospheric temperatures. At first, welding 
was stopped at 10° F. Then it was decided to continue 
down to zero. Last winter the lower limit was removed 
and the ability of the welders to endure the cold deter¬ 
mined the temperature at which welding stopped. The 
result was, the welding continued on days when the 
temperature went to 12 and 14° below zero, but stopped 
on one day when it went to 16° below the zero mark. 
When the temperature was below freezing, local pre¬ 
heating at the starting point was customary, bringing the 
temperature of the steel up to something above 32°, after 
which the heat of welding was depended upon to preheat 
the steel immediately ahead of the arc. An exception 
was made in the welding of the main and auxiliary engine 
bases and skegs. General preheating and the continuous 
application of heat to keep the steel well above freezing 
was found necessary) because of the thicker steel to be 
welded and the greater rigidity of these parts. It was 


found desirable to preheat armor plate to 100° F., 
or until it felt warm to the bare hand. 

Cracks from welding in cold weather were expected 
and were constantly watched for. Surprisingly few were 
discovered. All were short and none was of serious con¬ 
sequence. It was observed that most of them occurred 
in the plate close to heavy welds which were the result 
of either poor design or of the welder putting on excessive 
weld metal. It was further observed that about 75% 
of the cracks were discovered within 48 hr. after the 
welding in the vicinity .of the crack had been completed. 
About 99% were discovered within the first week and all 
of them were found within from 4 to 6 wk. after welding, 
if we assume no more were discovered after the ships 
left the yard. No cracks in any of the ships built at 
Seneca have ever been reported to the company, so this 
assumption seems to be reasonable. There is no way of 
determining exactly how much time elapsed between 
any actual break and its discovery, unless there was a 
report which was heard. Very few were ever heard. 
Therefore, it seems reasonable to assume that 75% of 
the cracks in the ships occurred within a period of less 
than 48 hr., that 99% occurred within less than 1 wk., 
and that all of them occurred within less than 6 wk. 
These observations might be used as evidence to support 
the theory that residual stresses in steel structures are 
partially relieved in time at temperatures within the 
usual atmospheric temperature range. 

In conclusion, the success of the shipbuilding venture 
at Seneca can be judged by the fact tJiat the yard was 
awarded its first Army-Navy "E” on May 22, 1943, at 
which time 9 ships had been delivered, and has received 
an additional star for the pennant every 6 mo. until the 
work was completed by the delivery of the 157th and 
last LST. 


Determination of Labor Costs in 
Electric Arc Welding* 

By J. L. CahiUt 


B ecause of the increased use of arc welding as a 
means of fabrication, considerable attention has 
been recently focused on the economics of its ap¬ 
plication and this necessarily involves the actual labor 
cost of deposition. Several methods have been employed 
for estimating this cost but so far as is known to the 
writer, none of these methods provides more than an 
approximate estimate. The chirf difficulty in obtaining 
more accurate determination of costs lies in the fact that 
several variables enter into such calculations and it is 
extremely difficult to establish an inter-relationship 
between these variables. 

The variables include (o) weld size, (b) electrode type, 
size and application, (c) basic labor cost and (d) the 
operation factor. 

Obviously, the weld size is a determining factor as it 
represents the amount of work done. Basically there are 
two types of welds, namely, fillets and grooves. Mathe¬ 
matically the weight of metal deposited in either type of 


* The view* expressed in this mrtlcle are those of the author and are not 
neceasarily representative of the Navy Dept, 
t U. S. Navy Yard, Brooklyn. N. Y. 


weld is a function of the cross-sectioned area and, as 
such, may be readily calculated. 

Table 1 indicates this calculated weight per foot for 
fillet welds of various sizes. Figure 1 was prepared to 
show the deposit weight per foot of groove welds for 
various combinations of plate thickness, root openings 
and included'angles. This chart, of course, is ^so ap¬ 
plicable to double bevel joint designs. Similar charts 
can be easily prepared for other less common types of 
joints if desired. 

The quantity of electrodes required for any job is a 
function of the deposited weight. For most work using 
E6010 electrodes the deposit efficiency is 55V2% so 
that the actual quantity of electrodes required is 1.8 
times the weight deposited. 

The deposit rate is directly dependent on the size and 
type of electrode employed as well as the operating con¬ 
ditions under which these electrodes are used. Deposi¬ 
tion data should be determined by_ the individual 
fabricator under actual service conditio*. For all prac¬ 
tical purposes, this deposition rate test is merely a time 
study of production work. The use of electrically 
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operated timing equipment is imperative to minimize 
possibility of errors. A simple means of accomplish¬ 
ing this is to utilize the voltage drop in one side of the 
welding circuit to energize a small bell transformer which 
then operates as a switch in the feeder supply of a self- 
starting electric clock with sweep second hand. This 
results in clock operation only when arc is operating. 
Representative values of deposition test results are 
shown in Table 2. 

The operation factor which is the ratio between the 
actual arc operating time and the total elapsed time may 
be readily determined by use of the above system. This 
factor obviously is influenced by the production setup, 
equipment, operator and several other variables. In 
shipyard work this factor varies between 15 and 30%. 
For shop work where positioners are available it may 
nm as high as 50% or more. 


Table 1—Weight per Foot- 

-FUlet Welds 

Fillet Size, In. 

Weight (Lb./Ft.) 

V. 

0.0266 

Vi. 

0.0599 

Vi 

V.. 

0.1066 

0.1660 

Va 

0.2396 

Vi. 

0.326 

v» 

0.426 

Vi. 

0.639 

V. 

0.666 

Vi 

0.969 

V. 

1.303 

1 

1.704 

The weight of electrodes required per foot—1.8 times the weight 
of deposit per foot. The value 1.8 is based on an over-all electrode 
efficiency of 55Vt% which in turn breaks down to 14.7% stub loss 

and 35% spatter loss. 



The basic labor cost is self-explanatory and may in¬ 
clude overhead charges. 

The various factors influencing cost of operation 
have been grouped together in the nomograph of Fig. 2. 
By using this nomograph as shown in att^ed examples, 
the actual labor cost of any welding job can be readily 
determined provided the following are known: (a) the 
electrode deposit rate, (b) the size of the weld to be made, 
(c) the basic labor cost per hour and (d) the operation 
factor. 

Rate of deposition tests, which are relatively simple to 
run, provide the information under (a) and (rf). The data 
of Fig. 1 and Table 1 serve as a source for (6) and (c) is 
readily available from production figures. 

It is hoped that the nomograph shown will prove of 
value to engineers who have too long had to approximate 
estimates of weld costs because of difficulties experienced 
in correlation of the several variables which make up 
such costs. 

Example of Use of Chart—Groove Welds (Solid Line 

-, Fig. 2 ): 

To determine the actual labor cost of depositing 1 ft. 
of weld in a single vee groove of V/t in. thickness with 


20 ° included angle and Vj in. root opening using ^/ 4 -in. 
25-20 electrodes with an operation factor of 60%. 
Labor cost is $1.25 per hour: 

(A) The deposit rate for the electrode is 4.40 Ib./hr. 
(see Table 2). 

(B) For the total weight deposited per foot consult 

Fig. 1. Run down column “T” to iVi', across column 
“a” to 20°. Read 1.46472. Run back across column 
“a” to V 2 '. Read 2.6625. Add 1.46472 2.6625 = 

4.13 Ib./ft. of deposit. 

(C) Using nomograph draw line between 440 on 
scale (1) through 413 on scale (2). The point of inter¬ 
section of this line with scale (3) is the speed of welding. 
This point is 107. 

(D) Draw line between 107 on scale (3) and 125 on 
scale (4). The point of intersection of this line with scale 
(5) is the labor cost i>er foot at 100% operation. This 
point is 118. 

(E) Draw line between 118 on scale (5) and 60% on 
scale (7). Where this line intersects sc^e (6) is the 
actual labor cost per foot of this job, namely, $1.98. 

(F) The weight of electrodes required per foot for 
this job is 1.8 X 4.13 = 7.44 lb. 

Example of Use of Chart—Fillet Welds (Broken Line 

-,Fig.2): 

To determine the actual labor cost of depositing 1 ft. 
of Vw-in. fillet weld made with Vw-in. E6010 electrodes 
at a labor cost of $1.25 per hour with 30% operation 
factor: 


Tabla 2—Minimum Deposition Rates—Lb./Hr. 
(100% Am Time) 

«-Type Electrod e - ' 


Size, In. 

E 6010 

E6020 

E60U, E6013 25Cr-20 

V. 

2.00 

2.15 

2.00 

2.00 

Va. 

2.60 

2.75 

2.60 

2.60 

Vi. 

3.36 

3.76 

3.20 

3.20 

y» 

4.00 

4.66 

3.66 

3.65 

Vi 

5.00 

5.20 

4.40 

4.40 

Vi. 


6.80 

6.20 

6.20 


(A) The deposit rate for the electrode in question 
is 3.35 lb./hr. (see Table 2). 

(B) The total weight deposited per foot in •/n-in. 
fillet = 0.166 lb. 

(C) Using nomograph draw line between 335 on 
scjde (1) through 166 on scale (2). The point of inter¬ 
section of this line with scale (3) is the speed of welding. 
This point is 20.2. 

(D) Draw line between 202 on scale (3) and 125 on 
scale (4). The point of intersection of this line with scale 
(5) is the labor cost per foot at 100% operation. This 
FK)int is $0.0618. 

(E) Draw line between 618 on scale (5) and 30% on 
scade (7). Where this line intersects sede (6) is the 
actual labor cost per foot of this job, namely, $0,206. 

(F) The weight of electrodes required per foot for 
this job is 1.8 X 0.166 = 0.2988 or approximately 0.30 
lb. 
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TINY GIANT WITH A HISTOkY 



Long before the war, the men who design your Bell 
Telephone System were looking for an electron tube 
with frequency capabilities never before attained. 
With it, they could transmit wide bands of tele¬ 
phone messages — several hundred of them — simul¬ 
taneously through coaxial cable>-economically, and 
over long distances. 




They developed a tube which set a new standard in 
broad-band, high-frequency amplifigation. So minute 
that its electrode system had to be inspected under a 
magnifying glass, the tube could amplify either the 
voices of 480 people talking at the same time, or the 
patterns of television. Long-distance, broad-band 
transmission became a commercial reality. 



Cross-Mction of Etocirodt Systom 
timos actval %izo) 








When war came, this tube excelled all others as an 
amplifier in certain military equipment. It then 
grew into the 6AK5, one of the great little tubes of 
the war. Besides producing 6AK5’s in large quanti¬ 
ties, the Western Electric responded to emergency 
needs of the Army and Navy by furnishing design 
specifications and production techniques to other 
manufacturers, of whom at least five reached quan¬ 
tity production. On every battlefront it helped our 
ships and planes to bring in radio signals. 


Exploring and inventing, devising and perfecting for continued 
impreveinents and economies in telephone service. 



Developing electron tubes of revolutionary design 
has been the steady job of Bell Laboratories scien¬ 
tists ever since they devised the first practical tele¬ 
phone amplifier over thirty years ago. Now tubes 
like the 6AK5 will help speed the living pictures of 
television, as well as hundreds of telephone con¬ 
versations simultaneously over the coaxial and radio 
highways of the Bell Telephone System. 
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AMBBICAM WStDINQ SOCIETY 

ACTIVITIES - BBLATEE EVENTS 


TWENTY^TH ANNUAL MEETING 
AMERICAN WELDING SOCIETY 

The 26tb Annual Meeting of the Ameri¬ 
can Welding Society was held in New 
York at the Hotel Pennsylvania on Octo¬ 
ber 18th. In order to comply with re¬ 
stricted travel regulations, the meeting 
was confined to one day. 

The Meeting opened at 9:30 A.M. with 
a brief address by President A. C. Weigel, 
published elsewhere m this Journal, and 
words of welcome by Chairman E. V. 
David. The first hour was given over to 
the Presentation of Medals and Prizes, 
including the Samuel Wylie Miller Mem¬ 
orial Medal, the Lincoln Gold Medal and 
the RWMA Cash Prizes. Brief descrip¬ 
tion of the winners of these awards is 
given elsewhere in this issue. Three 
Honorary Membership Certificates were 
presented to Messrs. D. S. Jacobus, J. H. 
Deppeler and H. C. Boardman. These 
were presented, respectively, by Messrs. 
Walter Samans. C. H. Jennings and Wen¬ 
dell F. Hess. 

The only technical feature of the entire 
program was the Presentation of the 
Adams Lecture by Dr. Samuel L. Hoyt 
on the subject of Selection of Steel for 
Welding. This was an outstanding ad¬ 
dress enjoyed by all. 

Luncheon was provided for the mem¬ 
bers of the Society and in the afternoon 
at 2 P.M. there was the regular Business 
Meeting which was opened by President 
Weigel. High-spot reports of the year’s 
activities were presented by President A. 
C. Weigel, Secretary M. M. Kelly and 
Treasurer 0. B. J. Fraser. H. O. Hill, 
Chairman of the Technical Activities 
Committee and Dr. C. A. Adams, Chair¬ 
man of the Welding Research Council. 

Below is given an Amendment to the 
Constitution of the A.W.S., which was 
offered by the Board of DirectCES for the 
consideration of the membership. In 
explanation of this Amendment, H. M. 
Priest, Chairman of the By-Laws Com¬ 
mittee pointed out that it was the opinion 
of the By-Laws Committee, that this 
Article belongs in the By-Laws rather 
than in the Constitution. The Article 
in question reads: 

"Upon the written request of ten or 
more members with full rights ctf member¬ 
ship stating specific reasons therein, any 
member classifying under Section 2, 
Article 1 of the By-Laws may be recom¬ 
mended for expulsion by the Board 
Directors. If, at a regular meeting or 
special meeting of the Board of Directors, 
it is decided that there is or are presented 
sufficient reason or reasons for such ex¬ 


pulsion, the Board shall notify the ac¬ 
cused of the charges against him, by 
mailing a communication to the address 
of the accused as it appears in the records 
of the American Welding Society. He 
shall then have the right to present a 
written defense, and to appear for trial, 
in person or by duly authmized repre¬ 
sentative before a meeting of the Board 
of Directors, of which meeting he shall be 
notified at least thirty day^ in advance. 
Not less than two months after such a 
meeting, the Board o( Directors shall 
finally consider the case, and if in the 
opinion of the Board of Directors the 
charges have been sustained, the accused 
may be expelled or suspended for such a 
period as the Board may determine, or he 
may be permitted to resign.” 

Upon motion this Amendment was 
unanimously adopted. 

Mr. David Amott then presented the 
report of the Nominathig Committee for 
the election of New Cheers. Dr. Wen¬ 
dell F. Hess, the incoming President, was 
escorted to the platform. His first busi¬ 
ness was to call upon Mr. Deppeler to 
present the Past-President’s Emblem to 
retiring President A. C. Weigel. The 
meeting then adjourned. 

A meeting of the Board of Directors 
was held at 3 P.M. for the approval of 
Committee appointments. These will be 
published in an early issue of The Weld¬ 
ing Journal. 

The membership of the Society was 
invited to participate in the 25th Anniver¬ 
sary Celebration of the founding of the 
New York Section. A brief account of 
this gala occasion is given under Section 
Activities. 


AMERICAN WELDING SOCim ELECTS 
H. C. BOARDMAN TO HONORARY 
MEMBERSHIP 

H. C. Boardman was presented with a 
certificate of honorary membership at the 
Annual Meeting of the American Weld¬ 
ing Society held in the Hotel Pennsyl¬ 
vania, New York City, Oct. 18th. 

Mr. Boardman is research engineer for 
the Chicago Bridge and Iron Co., Chicago, 
Ill., and is a past-president of the Ameri¬ 
can Welding Society. In addition, he is 
vice-chairman of the Welding Research 
Council of the Engineering Foundation; 
chairman of the University Research Com¬ 
mittee, A.W.S.; member of the Handbook 
Committee, A.W.S.; member of the Boiler 
Code Committee, American Society of 



Harry C. Boardman 


Mechanical Engineers. His technical so¬ 
ciety memberships include ones in the 
American Society of Civil Engineers, the 
Western Society of Engineers, the Ameri¬ 
can Society for Metals, the American 
Academy for the Advancement of Science; 
and the National Research Council, Divi¬ 
sion of Engineering and Industrial Re¬ 
search. He is also a member of Tau Beta 
Pi and Sigma Pi. 

Mr. Boardman was bom in Plainfield, 
Ill., April 29, 1887. He received his B.S. 
degree from the University of Illinois in 
1910 and his C.E. from the same school in 
1926. He holds an honorary E.D. from 
the South Dakota State School of Mines. 
From 1910 to 1916 he was a draftsman for 
the Chicago Bridge and Iron Co. Enter¬ 
ing the Army as a private in 1916, he was 
discharged in 1919 as a major in the field 
artillery. From 1919 to 1922 he was in the 
automobile tire and accessory business in 
Kansas City, Mo.; from 1922 to 1924 was 
engineer and superintendent of construc¬ 
tion ioT the International Filter Co.. 
Chicago, III.; and, from 1924 to 1926, 
served as an instructor in civil engineering 
at the University of lUinoU. In 1926 he 
took the position which he now holds. 

He is the author of many technical 
articles published in various magazines 
and of the Handbook on Arcs, Chords and 
Versines. 
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Variout tizea of preciaion Taylor-WInfieM Bench Welders available In weM 
speeds from 10 to 200 spot welds per minute with transformer capacities from 
.5 to 30 KVA. Foot or air operated types using AC or stored energy controls. 
Used for resistance welding small parts of ahoy steels, copper alloys, nickel 
aluminum, magnesium, as well as for such materials as molybdenum, tungsten, 
tantalum. Invar, and stainless steel. 

Even the most inexperienced operators can join 
parts by the thousands — day after day. Setting up 
these compact and simple Bench Welders for pro¬ 
duction runs requires only a few minutes. 

Today, thousands of these foot or air operated 
bench welders are now in production service as a 
production tool. They join solid or stranded wires, 
small studs to flat surfaces, and thin sheets or other 
shapes faster and better than any other method. 

For simple joining, Taylor-Winfield equips bench 
welders with a mechanical type of contactor. For 
precision welding, Taylor-Winfield furnishes elec¬ 
tronic controls. Taylor-Winfield engineers will 
recommend the best type for your work. 

Call or write Taylor-Winfield for profitable data 
on these rugged, precise, compact, and cost-cutting 
Bench Welders . . . full information contained in 
the new easy-to-read Taylor-Winfield catalog. 


The Taylor-Winfield Corporation 


ADVERnsmO 


TAYLOR-WINFIELD Bench Welders 


How To Cut Manufacturing Costs 
On Small Parts- 

Join by Resistance Welding on 
Inexpensive Production Machines. 


Th« Taylor-Winfiold CerporotiM 
Warren. Ohio 


Send me a personal copy of your new catalog. 


PRODUCTION ZONE 


Hardware. Appliances. 
Jewelry. Toys. Novelties, 
Cutlery Tools. 
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Automotive. Optical. 
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DAVm SCHENCK JACOBUS MADE 
HONORAR7 MEMBER 

Perhaps one of the best ways to describe 
Dr. Jacobus, who was honored on Oct. 18th 
by the American Wbl^ino Societv with 
Honorary Membership, is to quote the 
opening paragraph of the presentation of 
the 1942 Miller Medal Award to him by 
Dr. H. C. Boardman. 

“The medalist this year is rich in ex¬ 
perience, deeds, wisdom and character. 
He is a scholar, educator and author of 
note, great engineer and true gentleman. 
His achievements have not been of the 
sensational type, but have resulted from 
steady, patient effort—sometimes in the 
face of much discouragement and opposi¬ 
tion.” 

'Dr. Jacobus was bom in Ridgefield, 
N. J., Jan. 20, 1862. He graduated from 
Stevens Institute of Technology in 1884. 
For 22 years following his graduation, he 
taught at Stevens and became Professor of 
Experimental Mechanics and Engineering 
Physics. He received a degree of Doctor of 
Engineering in 1906. That was the year he 
joined the Babcock and Wilcox Co. with 
which organization he remained until his 
retirement in 1941. 

He has been president of three national 
technical societies—The American Society 
of Refrigerating Engineers, the American 
Society of Mechanical Engineers and the 
American Welding Society. 

He was awarded the Morehead Medal in 
1935 by the International Acetylene 
Association. Dr. Jacobus was selected as 



David S. Jacobus 


National Modem Pioneer by the National 
Association of Manufacturers in 1940. 

Dr. Jacobus served the Society in many 
ways, but he will long be remembered as 
Chairman of the Welding Handbook Com¬ 
mittee of the American Welding So¬ 


ciety which prepared the 1938 and 1942 
editions of its Welding Handbook. The 
Rules for marine boilers and piping bear 
the imprint of his mind. 

Again, we quote Dr. Boardman on the 
occasion of the Miller Medal Award. 

“In the engineering world at large, 
wherein he is recognized as a giant in the 
field of steam engineering, there stands out 
above all of his other great services his 
service as a member of the A.S.M.E. 
Boiler Code Cbmmittee which, beginning 
when all pressure vessels were riveted, has 
been continuous through the bare electrode 
era and into the coated electrode era until 
now when practically all pressure vessels 
are welded. He became chairman in 1936. 
In a very real sense the A.S.M.E. Boiler 
Code, wMch is the pressure vessel bible of 
the world, is a monument to him because 
so much of him is in it. Probably no other 
single document has so advanced the use 
of welding.” 

He now serves as Honevary Chairman of 
the Boiler Code Committee. Some addi¬ 
tional facts concerning Dr. Jacobus are: 

Made a number of tests on acetylene 
which began when calcium carbide was 
first available. 

In 1896 exhibited oxyhydrogen blow¬ 
pipe using oxygen and acetylene at the 
Franklin Institute in Philadelphia. 

An interesting account of the develop¬ 
ment of Codes for Welded Pressure Ves¬ 
sels in which he was a leader is found in an 
article by Dr. Jacobus on this subject in 
the October 1940 issue of The Wbldino 
Journal. 



• You can eliminate costly "Stop-Go, Stop-Go" operations in your 
shop by installing the RegO Manifold designed for your requiremeots. 

You not only gain the advantage of uninterrupted operations, but also 
save valuable production space and eliminate hazards, time and 
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Weld tensile strengths of 50,000 
to 60,000 p.s.i. achieved with SMITH- 
way*developed, paper-coated elearodes made it possible, 
in 1918, to weld longitudinally automotive rear-axle 
housings—a trepiendous step forward in the relatively 
primitive art of welding. 


Never-ending welding research in A. O. Smith laboratories and 
plants makes possible today the welding of 16 forging units to 
build up this 28-ft. Diesel crankshaft—saving up to 50,000 lbs. 
of excess forging metal. ‘ 


THE PROOF IS IN PRODUCTION 


today^ 




a Complete Line of 


SMITHway A. C. Welders 


The expanded line 
ofSMITMwayA.C 
Welders includes 
three new models 
of 150-, 200-, and 
2 SO-ampere capac¬ 
ity, in addition to 
the Heavy-Duty 
Models of 300-, 
400-, and 500-am¬ 
pere capacity. 
Write for complete 
specihcations and 
prices. 


Prior to World War I, welding electrodes were imported from 
England. When war brought shipping restrictions, A. O. Smith 
chemists and metallurgists developed a new and radically improved 
type of shielded arc electrode. They coated the bare wire with 
paper . . . produced welds of high ductility with tensile strength 
equal to that of rolled steel plate. 

The SMITHway welding research and development that began 
in 1917 have never ended.They continue today in A. O. Smith labo¬ 
ratories ... and in A. O. Smith plants, where more than 320,000 
SMITHway Electrodes are used in actual production every day. 
Millions more are used by other manufacturers. 

For detailed specifications on SMITHway Certified Electrodes 
and their application to specific welding jobs, send for the SMITH¬ 
way Welding Catalog. 



SMITHway WELDING ELECTRODES 
Mild Steel...High Tensiie...Stainless Steel 

made welders .». for welders 
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AMERICAN WELDING SOCIETY GIVES 
DOUBLE HONOR TO I. H. DEPPELER 

At its Annual Meeting held Oct. 18th, in 
the Hotel Pennsylvania the members of 
the American Welding Society con¬ 
ferred honorary membership on J. H. 
Deppeler, who was also -the recipient of the 
Samuel Wylie Miller Memorial Medal for 
the year 1944. The Miller Medal is 
awarded annually to the person who, in 
the judgment of the SoaSTV's Board of 
Awards, is most deserving to receive it be¬ 
cause of conspicuous contributions made 
to the advancement of the welding and 
cutting of metals. 

Mr. Deppeler is chief engineer of the 
Metal & Thermit Cwp., New York, and 
was the second president of the American 
Welding Society in 1920-21. He has 
been a member ctf the Board of Directors of « 
the Society since that time. He was made 
chairman of the American Welding So¬ 
ciety’s Filler Metal Committee in 1935 
and is serving as chairman of the joint 
A.W.S.-American Society for Metals Com¬ 
mittee on Filler Metal. He is also a mem¬ 
ber of the Welding Society’s Technical 
Activities Committee, the Committee on 
Safety Recommendations, the Committee 
on Definitions and Chart, The Committee 
on Welding in Marine Construction, the 
Aircraft Welding Committee and the Sub¬ 
committee of the Committee on Standard 
Qualification Procedures. He is currently 
serving on the Battelle Program of the 
Weldability Committee and the Nickel 



John H. Deppeler 


Alloys Committee <rf the Welding Re¬ 
search Council. 

Mr. Deppeler has been connected with 
the Metal & Thermit Corp., or its prede¬ 
cessor—The Goldschmidt Thermit Co.— 
since 1912. He was superintendent of the 
Jersey City, N. J., phmt for many years 
and then became chief engineer for the 
company. During this time he was very 
prominent in developing the Thermit 
welding process to its present state and 
took out many patents on its development 


and on its applications. In the street rail¬ 
way field he developed the use of the Ther¬ 
mit weld for joining rails and, with the help 
of E. M. T. Ryder, adapted the process to 
be used on rails under traffic. The process 
has been extended to use in the steam rail¬ 
way field. Important applications in steel 
mills and in marine construction have also 
been directed by Mr. Deppeler. 


PRESENTATION TO lOHN H. DEPPELSt 
OF THE SAMUEL WYLIE MILLER 
MEMORIAL AWARD 

By H. C. Boardman 

Each year the American Welding 
Society donates a medal to commemorate 
Samuel Wylie Miller, his character, his 
services to welding, and especially his help 
to the Society in its formative years. 

The recipient of this medal is chosen by 
the Board of Awards as most deserving of 
the honor because of conspicuous con¬ 
tributions to the advance of the science 
and art of welding or cutting metals. 

This year’s Medalist is well known in 
engineering and welding circles. 

Since 1912 he has been connected with 
the Metal & Thermit Corp. or its prede¬ 
cessor—the Goldschmidt Thermit Co. 
For several years he was superintendent of 
the Jersey City, N. J., plant, and then 
became Chief Engineer, which position he 
still holds. 

His was a prominent part in developing 



• The "Sight Feed’’ principle, which is found on all portable Sight 
Feed Acetylene Generators, is a mighty important feature if you are a 
user of acetylene. ^ 

When you start a welding job you can tell at a glance whether or 
not you will have enough acetylene to finish it. You never need to stop 
and refill your generator or to change acetylene cylinders in the middle 
of a job. (Incidentally, that hopper is made of Pyrex, reinforced with 
a heavy steel screen.) 

A Sight Feed Acetylene Generator will furnish you with acetylene 
at about one-third of the cost of "bottled" acetylene. If you do any 
welding, you can’t a£ford NOT to have a Sight Feed Generator. 


Confocf yovr iobbmr,or.,. 
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ANOTHER METHOD: Reproducini; 
working drawings directly on tem¬ 
plate material, the Kodak Linagraph 
Process employs light-sensitive Kodak 
Linagraph Transfer Paper—laminated 
to the template sheet —permits "print¬ 
ing” the layout by either contact or 
projection. In the contact method, 


reproduction is identical in size with 
the original drawing. In the projec¬ 
tion method, variation in scale is pos¬ 
sible . . . valuable in the making of ex¬ 
perimental models. With either 
method, reproduction is photographi¬ 
cally accurate and complete; and time 
and money arc saved. 


Kodok 

Transfai: 

Process 
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1 Using an ordinary spray gun, coat the tern- 
* plate material with Kodak Transfax Primer... 


Kodak Transfax 

reproduces working drowings Uiiii|||lly o| 
metal in 5 swift steps •. • 


O Spray with quick-drying 
^ Transfax Spray, for a 
light-sensitive surface that 
reproduces any drawing . . . 


in contact with the sensi¬ 
tized surface.. . expose to arc 
or mercury vapor light. 


A Rinse, first with weak am- 
” monia solution, then with 
water . . . and there’s your 
drawing on metal. 


C After sprayiul on an pyer-eoat of Tfancftx. 
Primer, your reprodu clion is ready—in 8 


minutes—for fattrication^'ttllll will withstand 


bending, punching, and flaAle-cutting. 


O NE of industry’s most revolutionary time and labor 
savers—rapid, accurate, economical—the Kodak Trans¬ 
fax Process takes hours less than laborious scribing . . . pre¬ 
pares templates for fabrication in as little as 8 minutes. 

Easy to iuslall, the Kodak Transfax Process calls for no 
priorities ... no scarce equipment ... no special training of 
■workers ... is handled in ordinary light with a spray gun and 
a water hose. Five simple steps—simple even for beginners— 
complete the process in a jiffy. 

Efficient, economical, the Kodak Transfax Process speeds 
production in many ways—where layouts are complex . . . 
where instructions must go on templates ... where multiple 
reproductions are needed. For full information write: East¬ 
man Kodak Company, Rochester 4, N, Y. 









the Thermit-welding process. Many pat¬ 
ents related to it are in his name. He 
adapted the process to the joining of street 
railway rails and, working with Mr. 
E. M. T. Ryder, to their welding while 
under traffic. The method has been ap¬ 
plied to the steam railway field also, and 
has found many applications in steel mills 
and marine construction, many of them 
under his direction. 

In 1920-21 he was the second president 
of the American Welding SoaETY, and 
since then has served continuously on the 
Board of Directors. In 1935 he became 
chairman of the A.W.S. Filler Metal Com¬ 
mittee, and is now chairman of the joint 
A.W.S.-A.S.T.M. Committee on Filler 
Metal—a post which he is eminently 
qualified to fill. He is also a member of 
many other technical committees of the 
Society, and is active in the work of the 
Welding Research Council. 


He is a true gentleman and diplomat— 
and engineer of men as well as of materials 
and forces. Time after time, without ever 
raising his voice or losing his poise, he has 
demonstrated his ability to get action out 
of large committees, representing many 
conflicting views. 

In the name of the American Welding 
Society and its Board of Awards, and in 
recognition of your contributions to the 
science and art of welding and cutting, I 
confer upon you, John H. Deppeler, the 
Samuel Wylie Miller Memori^ .Medal, 
and the Certificate of Award. 


LINCOLN MEDAL AWARDED TO 
LEON C. BIBBER 

Leon C. Bibber, welding engineer for the 
Camegie-Illinois Steel Corp., received this 
year’s award of the Lincoln Gold Medal 
and Certificate at the Annual Meeting of 
the American Welding Society held Oct. 
18th in the Hotel Pennsylvania, New 
York. This annually awarded and valued 
prize is given to the author or authors of 
the paper published in The Welding 
Journal which in the judgment of a board 
of awards represents the greatest original 
contribution to the advancement and use 
of welding. J. F. Lincoln, president of the 
Lincoln Electric Co., Cleveland, Ohio, is 
the donor of the prize which was given this 
year for the paper entitled, “Tensile Prop¬ 
erties of Heavy Longitudinally Welded 
Plate Specimens Simulating Deck and 
Shell Joints,” which appeared in the April 
1945 issue of the American Welding 
Society’s Welding Journal. 



Mr. Bibber was born in Portland, Me., 
Nov. 2, 1893. He was graduated from the 
University of Michigan with the degree of 
Bachelor of Naval Architecture in 1916 
and received the degree of Master of 
Science in Engineering in 1917. 

For a number of years Mr. Bibber 
worked at the plant of the Newport News 
Shipbuilding and Drydock Co. in Newport 
News, Va., in various capacities and while 
there, began his interest in welding. In 
1929 he accepted the position of Senior 
Welding Engineer for the Bureau of Con¬ 
struction and Repair of the United States 
Navy Department in Washington, D. C. 
In 1936 he became Welding Engineer for 
the Camegie-Illinois Steel Corp. in Pitts¬ 
burgh, Pa. From that date to the present 
be has been concerned with problems of 
weldability of various types of steels and 
the applications of those steels to welded 
products in industry. 
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RESISTANCE WELDING PRIZE PAPERS 



Leon C. Bibber 


Mr. Bibber is the author of numerous 
technical papers which have been prepared 
for presentation before various technical 
societies. He has served on many of the 
technical committees of the American 
Welding Society of which he is a member 
and, at present, he is serving as chairman 
of the Committee on Symbols. He also 
holds memberships in the Society of Naval 
Architects and Marine Engineers, the Am¬ 
erican Society for Testing Materials, the 
American Society for Metals and the Am¬ 
erican Iron and Steel Institute. 


In order to stimulate the preparation of 
high-type papers for The Welding Jour¬ 
nal, the Resistance Welding Manufactur¬ 
ers Association, has offered four prizes 
totaling SIOOO, to be awarded by a Com¬ 
mittee on Awards of the American Weld¬ 
ing Society. These awards were made as 
follows. 

$500 Prize for the best paper emanating 
from an Industrial Source in which the 
major portion of the subject matter is con¬ 
cerned with design for resistance welding: 

L. A. McIntosh for his paper on “Resist¬ 
ance Welding for Economy and Qual¬ 
ity,” published in the October 1946 
Welding Journal. 

$200 prize for the best paper emanating 
from a University Source: 

W. F. Hess, R. A. Wyant and B. L. 
Averbach for their paper on “The Sur¬ 
face Treatment at Room Temperature 
of Aluminum Alloys for Spot Welding,” 
published in the September 1944 Sup¬ 
plement of The Welding Journal. 

$200 Prize for the second best paper ema¬ 
nating from an Industrial Source: 

G. W. Scott, Jr., L. G. Sutton and J. H. 
Widmyer for their paper on “Radiog¬ 
raphy for Development and Control of 
Aluminum Alloy Spot Welding,” pub¬ 
lished in the November 1944 Supple¬ 
ment of The Welding Journal 

$100 Prize for the third best paper from 
an Industrial Source: 


J. C. Barrett fen* his paper on “Flash 
Welding of Alloy Steels—Physical and 
Metallurgical Characteristics,” pub¬ 
lished in the January 1945 Supplement 
of The Welding Journal. 

Honorable Mention; 

H. W. Brown for his paper on “The 
Spot Welding of 0.0375-In. Aluminized 
Low-Carbon Steel/’ published in the 
September 1944 Supplement of The 
Welding Journal. 

E. M. Callender for his paper on “Small 
Portable Condenser Welding Set,” pub¬ 
lished in the October 1944 Welding 
Journal. 

F. R. Hensel. E. I. Larsen, E. F. Holt 
for their paper on “Problems in Spot 
Welding of Heavy Mild Steel Plate,” 
published in the January 1945 Supple¬ 
ment of The Welding Journal. 

Biographical sketches of the Prize Win- 
ners follows. 


L. A. Meintoeh 

Mr. McIntosh was bom January 1916 at 
Detroit, Mich., and educated in the De¬ 
troit Public Schools, graduating from De¬ 
troit NOTthwestem High School in January 
1934. He received his first drafting ex¬ 
perience the following spring and summer 
and entered the College of Engineers, 
University of Michigan, with the class of 
1938, continuing to work summers design¬ 
ing tools and dies for heavy gage steel 


Best for AC General Purpose 

DUCTONE AC 

(E6011 AND E6013) 

WELDING RODS 


Ductone AC electrodes are available 
again. This Is the famous welding rod 
that was designed and manufactured 





especially for AC welding. DUCTONE 
AC reds assure lew cost of operation. 
They have a high deposition rate and 
are noted for their ease in striking end 
maintaining an ere. Small sizes are 
good for thin sheet metal. Excellent for 
vertical and overhead welding on DC 
positive polarity. Extruded in all sizes 
from 1/16” to 1/4”. 
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for Distributors 


Chicago Steel and Wire Co. 
103rd St. ond Torrence Ave. 
Chicago 17, tllinols 
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KRE-CO 

MULTICHEMIC FLUXES 

As the science oF brazing and welding has ad¬ 
vanced KRE-CO FLUXEd have been specially 
compounded to keep pace with improved 
methods. As metals diFFer so do KRE-CO 
FLUXES — each For a speciFIc purpose. Ask 
For Bulletin N8. J 
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VERSATILE MODERN 
PRODUCTION TOOLS 


\ hurry; 


ALUMINUM WELDING SIMPLIFIED 

Importam developments in ^uipment 
for automatically resistance welding alumi¬ 
num, accelerated by critical war demands, 
are now being applied to the speeding of 
production in every branch of industry, from 
the making of household utensils and appli¬ 
ances to auto bodies I»rt5, and accessories. 

Difficulties encountered in welding alum¬ 
inum alloys were due to the narrow "margin 
of safety" in their thermal response. The 
extreme accuracy of timing heat and pres¬ 
sure r^uired were difficult to attain until 
perfection of the "stored energy" principle 
combined with full electronic controls. 

The Federal Machine and Welder Com¬ 
pany, perfected the first successful welders 
built specifically for aluminum. In collabor¬ 
ation with manufacturers of electronic 
controls, this company developed the Federal 
UnipulseSvstem,io which a capacitor bank is 
charged (during comparatively long periods 
between welds) to a precise voltage level, 
then discharged direaly into the welder 
as a single, uni-directional current pulse 
for production of the welds. 

Among the important advantages of 
current Federal Aluminum Welders are . . . 
increased welding speed, higher quality 
welds, increased volume of production per 
cleaning of electrodes and lower KVA 
demands on the power line. Remarkable 
uniformity and high mechanical strength 
make it possible to design parts where stress 
may be involved with a full measure of 
exactness not possible with old methods. 


"TEAMING” METALS BY WELDING 

More and more combinations of metals 
of different characteristics are being teamed 
into single "product-units" for reasons of 
economy or greater workability, because of 
the ease with which such metals can be 
permanently united by resistance welding. 
Stainless steel is saved in the making of 
knives and tools by flash welding to mild 
steel shanks . . . heavy axe heads are made 
with most of their weight in low-cost steel, 
to which high grade hardenable cutting 
edges are welded . . . innumerable com¬ 
binations are possible in radio and instru¬ 
ment manufacture, where perhaps a high 
conductivity must be combined with good 
spring qualities, not found in any one metal 
. . . stainless steel can be used for heads of 
large diesel engine valves and still have 
stems of steel best suited to stem wear. The 
Federal Machine and Welder Company de¬ 
signs and builds welders for all of these 
prpes of production ... offers its engineering 
ucilities to anyone with similar problems. 


10 TO 20 SPOTS PER SECOND 

For fabricators of metal who have pro¬ 
duction involving ten to several hundred 
fastenings on one plane a special type of 
amomatic spot welaer is available in which 
automatically operated electrodes are set up 
in multiples, much like a gang drill. Power 
demand is comparatively low, as electrodes 
weld one at a time in rapid sequence. For 
high production, machines may M had with 
electrodes in any desired pattern. 

Called Ultra Speed Spot Welders, these 
machines are made by The Federal Machine 
and Welder Company. Descriptive litera¬ 
ture available on reauest. "Bulletin 519". 


FBDERAt RADIAt PROJEC¬ 
TION WELDER illustrates bow 
odd shaped stampings of all 
kinds can be assembled with 
great economy and speed, by 
completing this eight-tnch-diam- 
eter cooling fin assembly, 49 
proiection welds at once, in tea 
seconds. 


FEDERAL MULTIPLE 
SPOT WELDER 
speed;, stove produc¬ 
tion by welding this 
oven liner (on four 
sides at once) into a 
sturdy, economical 
sub-assvmbly. 


NAME OF AUTHORITY IN RESISTANCE WELDING 

MACHINE AND WELDER CO. 


206 DANA ST., WARREN, 0. 
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L. A. Mclntoch 


stampings. However, in 1936 he returned 
to Detroit and attended Wayne Univer¬ 
sity night classes and later bec^e a Regis¬ 
tered Licensed Mechanical Engineer in the 
State of Michigan. His first large under¬ 
taking was in 1938 to design several auto¬ 
motive body "Gun” spot-welding fixtures. 

In the ftdl of 1938 he jctoed the McIn¬ 
tosh Stamping Corp., Detroit, and subse¬ 
quently was elected by the Board of Di¬ 
rectors as vice-president in charge of 
engineering. 


Dr. WendeUF. Hess 

A biographical sketch of Dr. Hess was 
published in the October 1945 issue of Thb 
Welding Journal in connection with his 
election to the Presidency <rf the American 
Welding Society. 


Robert A. Wyant 

Robert A. Wyant was bom on a farm 
near Auburn,N. Y., on July 7,1909. Hav¬ 
ing attended rural schools and the Auburn 
Academic High School, he became a stu¬ 
dent at Rensselaer Polytechnic Institute, 
and received the degree of Electrical Engi¬ 
neer in 1930. The following two years, he 
spent in the development of electric wave 
filters, as a member of the technical staff 
of the Bell Telephone Laboratories. He 
attended Cornell University, summer ses¬ 
sion. in 1933, taking courses in education. 
From 1934 through 1938 he was a member 
of the engineering staff at the Auburn 
Works of the International Harvester Co., 
where he first became interested in weld¬ 
ing. His license as a Professional Engineer 
was granted by the State New York in 
1938. 

In 1939, he went to Rensselaer Poly¬ 
technic Institute as a research fellow on 
the staff of the Welding Laboratory, and 
fcE* the next two years was engaged in re¬ 
search sponsored by the Welding Research 
Council of the Engineering Foundation in 
the field of electric resistance welding. 
Since 1941 he has been associated with 


various research projects dealing with the 
spot welding of aluminum alloys for air- 
oaft stmetures and the spot welding of 
magnesium alloys. The latter projects 
have been sponsored by various govern¬ 
ment and private agencies. He was pro¬ 
moted to an assistant preffessorship in the 
Department of Metallurgical Engineering 
in 1942, and received the degree of Master 
of Science in Metallurgy from Rensselaer 
Polytechnic Institute in 1944. He is a 
member of the Society of Sigma Xi, the 



R. A. Wyant 


DOES YOUR PRODUCTION LEND 
ITSELF TO WELDED CONSTRUCTION? 

The urgency of wor-yeors produced con¬ 
clusive proof that welded construction is 
invariably lighter, yet stronger, and luually 
more economical. This is the time to find 
out if your product lends itself to welded 
construction. United Welding engineers con 
give you the onswer, Submit your drawings. 
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For 32 years United Welding has been o 
leader in the field of welding fabrication. 
United has the capacity, equipment, and 
knowledge to hondle any fabricating 
assignment. 


THE UNITED WELDING CO. 


MIOOIITOWN, OHtO 
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PAGE Keefts cw 
MAKING NEWS 
FOR WELDERS 




• Since this time last year, page has made the follow¬ 
ing announcements to the welding industry: 

new Hi-Tensile '*AF’* electrode for welding light¬ 
lygauge mild steel, using AC or DC. 

^^A new book about stainless steel electrodes and how 
(^to use them for best results. 


A new stainless steel electrode for AC or DC 


A new book of information on the use of Hi-Tensile 
*'AF*’ electrodes. 


A new pocket-size manual of general information 
about electrodes and their use. 


A new line of '*midget’* electrodes for welding very 
light-gauge mild steel. 

.■ Here is tangible evidence that page is 

K,: keeping up with the times. For uniformly 

high quality electrodes and for up-to- 
* date information about welding tech- 

.f-.niques, it will pay you to . . . 


Monessen, Po., Atlonta, Chicago, Detroit, Denver, Los Angeles, New York, Pittsburgh, Portland, Son Francisco, Bridgeport, Conn. 



PAGE STEEL AND WIRE DIVISION 

AMERICAN CHAIN & CABLE 


1 Vcqjk _ 


TRAOt .W, 

«tARK 'Sc 
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Society for Promoticm of Engineering Edu¬ 
cation, and an associate member of the 
Ambrican Welding SoaBXY. He has 
been an author and co-author of numerous 
papers pertaining to subjects in the field of 
electric resistance welding. 


B. L. Averbach 

Mr. Averbach was bom in Rochester, 
N. Y., Aug. 12. 1919. He graduated from 
Rensselaer Polytechnic Institute in 1940, 
and received the degree of M.Met.Eng. in 



Bob Averbach 


1942. He served as Research Fellow at 
R.P.I., 1940-43 on a program for the spot 
welding of aluminum alloys for aircraft 
structures. He became ChW Metallurgist, 
l'943-45. for U. S. Radiator Corp., Mag¬ 
nesium Division. At present, he is metal¬ 
lurgist in Works Laboratory of General 
Electric Co., Schenectady, N. Y. Mr. 
Auerbach is author of papers on manga¬ 
nese alloys, spectrography and helium arc 
welding of magnesium. He is co-author 
with W. F. Hess and R. A. Wyant, of 13 
papers on spot welding of aluminum. 

Mr. Auerbach is a member of A.W.S., 
A.S.M., A.I.M.E.. A.S.T.M.. A.F.A.. 
Sigma Xi, Tau Beta Pi and Phi Lambda 
Upsilon. 

G. W. Scott, Jr. 

G. W. Scott, Jr., Assistant Chief Physi¬ 
cist of the Armstrong Cork Co., Research 
Laboratory, Lancaster. Pa., was born Feb. 
20,1912, in Auburn, N. Y. He was gradu¬ 
ated from Wesleyan University in 1934 
with an A.B. Degree in Physics. He re¬ 
ceived an M.A. Degree (Nuclear Physics) 
from Cornell University in 1935 and a 
• Ph.D. (Experimental Physics) from Cor¬ 
nell in 1938. He was a post-doctorate 
fellow in Applied Electronics at Massachu¬ 
setts Institute of Technology from 1938 to 
1940, and a Research Associate at M.I.T. 
from 1940 to June 1941, when he joined 
the Armstrong Cork Co. as a Physicist in 
the Research laboratory, becoming As¬ 
sistant Chief Physicist in 1942. 

Since 1934 Dr. Scott has been active in 



C. W- Scott, Ir. 


research work in electronics, high volt^e, 
resistance welding and dielectric heating. 
He is a member of Phi Beta Kappa, Sigma 
Xi, the American Physical Society, asso¬ 
ciate member of the American Welding 
Society and a member of the American 
Institute of Electrical Engineers. 


L. G. Sutton 

L. G. Sutton, of the Armstrong Cork 
Co. Research Laboratory, Lancaster, Pa., 



RECONVERSION DERINNDS 
LOWER COSTS 


CUT 

WELDING 

COSTS WITH 

NO-SPAT 


The Non-Toxic 
WoUing Fluid 


NO-SPAT prevents adherence of spatter, 
saves cleaning time, cuts overall welding 
costs and protects metal against rust; Tnalntains maximum 
welding strength; reduces fumes 30% ; does NOT pro¬ 
duce carbon monoxide gas. Inexpensive, ready to use. 

SAVES TIME SAVES MONET SAVES LABOR 


Send for FREE SAMPLE and detailed engineering test 
bulletin. 


The Midland Paint &Varnish Co. 

9126 RENO AVENUE aEVELAND 5, OHIO 



We manufacture a complete line 
of resistance spot welders from 
to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 


TRANSFORMEBS OF AU TYPES 


WE INVITE CONTRACT SPOT WELDINC 
IN LARGE OR SMALL QUAMTITIES. 


CHAS. EISLER 
EISLER ENGINEERING CO. 

779 -SO. 13'** ST. N... AVON AVE N E W A R K, 3 N J 
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Two brazing operadons are required for 
each gaa-type circulating water beater^ join* 
ing the inner and outer eoib to the two 
pipe castings—make four Phos-Copper 
. joints in each. 




...a tip to design engineers t 


The coil being brazed has just been rotated from two ocher 
poaidons where gas flames preheated the joints. The flame at the 
braang position maintains the heat and flows the ^-inch Phos- 
Copper rod. The ten-pondon rotadng fixture produces 1600 braz- 
•ing operaQons of two joints each, or 800 coil assemblies per shift. 


You get high production sJeed —and elimi¬ 
nate costly machining tim^when you use 
Phos-Copper brazing. With mis process, many 
cast and machined parts arabeing replaced by 
structures built up from ftmple, easily pro- 
duced components. 

With Phos-Copper brazing of copper, bronze 
andbra'ss, tests have shown joints stronger than 
the parent metal. ..corrosfon resistance equaling 
the parent metal . . . Ilectrical conductivity 
asgreat. Its low, free-flowing temperature 
permit ilii M"l 'jiig i d/light sections. 

Phos-Copper brazing may be done in any of 
five ways—by gas, incandescent carbon, dipping 
and electronic heat and in a furnace. Phos- 
Copper comes in rod, strip and special shapes. 

Because of the many advantages, Phos-Cop¬ 
per is replacing tin and silver-base solders. For 
further information on Phos-Copper, ask your 
Westinghouse representative for book B-3201. 
Or write for it, to Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Pa. 

J-905S6 


Westinghouse 

PIANT& IN 75 CPTHS . . . (^W OFF<t$ fVtRVWHm 
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L. G. Sutton 


was born Dec. 19, 1918, in Lemoyne, Pa. 
After graduation from Millersville (Pa.) 
State Teachers College in 1940, he became 
a Physicist in the Armstrong Research 
Laboratory. 

From January 1943 until September 
1945 he worked on aluminum spot-welding 
research and control. 



]. H. Widmyer 


I. H. Widmyer 

J. H. Widmyer, of the Armstrong Cork 
Co. Research Laboratory, Lancaster, Pa., 
was bom Feb. 28,1897, in Lancaster. Fol¬ 
lowing service in the U. S. Navy as a radio 
operator in World War I, he was graduated 
from Lehigh University in 1921 with a B.S. 
Degree in Chemistry. He served as Metal¬ 
lographer and Assistant Metallurgist of the 
l^ancaster Steel Products Corp. from 1921 
to 1926, when he joined the Armstrong 
Cork Co. as a Physical Chemist in the Re¬ 
search Laboratory. At present he is in 
charge of Metallography, Photomicrog¬ 
raphy and related physical research prob¬ 
lems in Armstrong’s Research Laboratory. 

He is a member of Tau Betal Pi and the 
American Association for the Advance¬ 
ment of Science. 


1. C. Barrett 

Mr. Barrett was bom on Jan. 19, 1912, 
Ossining, N. Y. He graduated from 
Massachusetts Institute of Technology, 
Cambridge, Mass., with the degree of B.S. 
in Physical Metallurgy in 1934. 



I. C. Barrett 


From June 1934 to February 1936 Mr. 
Barrett was connected with the American 
Manganese Steel Co. He then joined the 
Materials Testing Laboratory, General 


Electric Co., River Works, L)mn, Mass., 
where he remained until July 1942 when 
he was made Metallurgical Assistant to 
the Engineer of Tests, Baldwin Locomotive 
Works, Eddystone, Pa. 

In July 1942 he took the position of 
Metallurgist with the Taylor-Winfield 
Corp., Warren, Ohio. Here he was en¬ 
gaged in the metallurgical analysis of elec¬ 
trical resistance welds. 

In July 1945 he became Research Metal¬ 
lurgist, The Glenn L. Martin Co., Balti¬ 
more 3, Md. While his work here is more 
general, many of his problems concerned 
themselves with resistance welding. He is 
author of a number of papers on resistance 
welding. 

He is a member of the American Society 
for Metals, he served as Chairman of the 
Warren, Ohio, Chapter of this Society for 
the 1944-45 season, and as Vice-Chairman 
for the 1943-44 season. He is also a mem¬ 
ber of Tau Beta Pi and Sigma Xi (Asso¬ 
ciate). 


27TH NATIONAL METAL EXPOSITION 

Plans have been completed for the first 
great postwar industrial show with the an¬ 
nouncement this week of the 27th Na¬ 
tional Metal Exposition to be held in 
Cleveland's big Public Audittwium from 
Monday, February 4, through Friday, 
.February 8, 1946. Originally scheduled 
for October of this year, the event was 
moved back to February to avoid any in¬ 
terference with heavy wartime transporta¬ 
tion demands, according to W. H. Eisen- 
man, managing director of the Exposition 
and national secretary of the American 
Society for Metals, sponsor of the event. 

“This industrial show will be the largest 
ever held in America," Mr. Eisenman said. 
“Because of the widespread advance inter¬ 
est in the Metal Exposition, the floor plans 
which have been mailed to previous exhibi¬ 
tors this week showed a greater area of 
exhibit space than any event of this type 
in the history of U. S. industrial shows. 

“This interest in the Exposition indi¬ 
cates that manufacturers are ready for re¬ 
conversion and eager for the opportunity 
to show the new machines, materials and 
processes that have been developed in war 
and to demonstrate their possibilities for 
high peacetime production,” Mr. Eisenman 
continued. 



TIP CLEANING PRILLS 

Mounted in Knurled 

BRASS Handled 

LARGE* STOCK 
PROMPT DELIVERy 

NO RATING REQUIRED 

DISTRIBUTORS WANTED 

NEW MEXICO STEEL CO. 

Box 691, Albuquerque, N. M. 
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There are 4000 reasons for specifying 
TUBE-TURN Welding Finings 


W HEN plaooiog aoy piping installadoot it 
saves time and money to be able to get all 
your welding fittings from one source. There are 
more than 4000 items in the complete Tube Turns 
line, available through seleaed distributors in 
every principal city. 

Tube-Turn welding fittings were the first seam¬ 
less welding fittings. In building the complete 
Tube Turns line to meet all welding fitting require¬ 
ments over a long period of years, this organiza¬ 
tion has acquired a wealth of experience in solv¬ 
ing all manner of piping problems. This experi¬ 
ence is yours to command, through your Tube 
Turns distributor. Behind him, at your service, 
stand the nearest Tube Turns branch office and 




Tube-Turn 


TflADI MAJIK 


the vast resources of the home office and lab¬ 
oratories. 

Get acquainted with your Tube Turns dis¬ 
tributor. However large or complicated your 
requirements, he has the answers. Write today for 
your free copy of Tube Turns Catalog 111, con¬ 
taining 240 pages of up-to-date welding fittings 
information. 

Selected Tube Turns distHbutors In every principal 
cltyore ready to serveyeufromtheir complete stocks. 

TUBE TURNS (Inc.), Louisville 1, Kentucky. 
Branch Offices: New York, Chicago, Philadelphia, 
Pittsburgh, Cleveland, Dayton,Washington, D.C., 
Houston, San Francisco, Seattle, Los Angeles. 
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“For the first time in four years,” he 
added, “the Meta! Show, as !t is generally 
known in industry, will be a forthright 
effort on the part of exhibitors to sell their 
products.” 

Mr. Eisenman pointed out that the Ex¬ 
position would again be held in conjunc¬ 
tion with the National Metal Congress 
with the result that thousands of metal 
men will not only see all the new products 
in operation at ^blic Auditorium hut will 
also have the opportunity to hear the out¬ 
standing research papers presented by 
scores <rf engineers and technical experts. 
Cooperating with the American Society for 
Metals in presenting the Metal Congress 
will be the Iron and Steel and Institute of 
Metals divisions of the American Institute 
of Mining and Metallurgical Engineers, 
and the /^mericasi Industrud Radium and 
X-Ray Society.' Many trade associations 
and industry groups will abo meet in 
Cleveland during the week of this event. 


BOABD OF DIRECTORS MEETING 

The meeting of the Board of Directcn's, 
AmbricAh Wblding SoaBTY, was held 
on Septeoiber I3,1945, at the Engineering 
Societies‘^Idg., New York, N. Y. 

Present were the following: President 
A. C. Weigel, C. A. Adams, D. Arnott, 
R. W. Clark, J. H. Critchett, E. V. David. 
J. H. Deppeler, O. B. J. Fraser, E. C. 
Fyke, W. F. Hess. H. O. HiU, H. W. 
Lawson, J. F. Lincoln, F. E. McAtee, 
H. W. Pierce, H. M. Priest. Staff Mem¬ 
bers: W. Spraragen, S. A. Greenberg, 
M. M. Kelly. 

Manner of Replacement of District Vice- 
Presidents in the Event of Death Occurring 
Between Election and Time of Taking 
Office 

This question arose in connection with 
the recent death of W. S. Evans, elected 
to the office of Mid-Southern District 
Vice-Presidency. The present By-Law 
provides only for the filling of a vacancy 
in the event of death, resignation or other¬ 
wise, occurring after the incumbent takes 
office. It was the opinion of the By-jLaws 
Committee Chairman that the vacancy 
caused by Mr. Evans' death before taking 
office, can be filled in the manner pre¬ 
scribed by the present By-Law, for filling 
vacancies after taking office. 

It was voted that vacancy in the office 
of Vice-President of the Mid-Southern 
District, caused by Mr. Evans’ death, be 
filled in manner suggested by the By- 
Laws Committee Chairman, as indicated 
in the above paragraph, and further, that 
the By-Laws Committee be requested to 


prepare suitable revision to the By-Laws 
to cover deaths occturing between date of 
election and time the incumbent takes 
office, for submittal to the Board of Direct¬ 
ors. 

1945 Annual Meeting Progress Report.. 

Mr. David reported that Prof. John 
R. Dunning of Columbia University had 
been seciu’ed as speaker at the New York 
Section Anniversary Dinner, the subject 
being “Atomic Energies—Its Potential- 
ties in Peacetime.” All arrangements for 
the abbreviated Anntial Meeting and the 
New York Section Anniversary Dinner 
having been completed, announcements 
and tickets are being printed and wdll be 
mailed to the members early next week. 

Welding Handbook 

Upon recommendation of the Welding 
Handbook Committee Chairman, it was^ 
voted that Mr. Spraragen be made an 
advisory member of the Welding Hand¬ 
book C^mittee. 

Technical Activities Committee Report 

It was voted to approve recommenda¬ 
tion of the Technical Activities Committee 
for the adoption of the Tee-Bend Test as a 
tentative standard of the American Weld¬ 
ing Society. 

Mr. Hill reported that in,:May 1942, 
in order that the Society might make 
maximum contribution to the war effort, 
a Procedure for Preparing and Issuing 
A.W.S. Emergency Standards was ap¬ 
proved by the Board of Directors. This 
Procedure is shown on page 25 of the 
1945 Year Book. It will be noted that this 
Procedure applies to recommended prac¬ 
tices and procedures vital to war pr^uc- 
tion. In view of the peace declaration 
recently issued, consideration was given 
to the need for retaining or withdrawing 
this Procedure. 

On recommendation of the Technical 
Activities Committee, it was voted to 
withdraw the Procedure for Preparing and • 
Issuing A.W.S. Emergency Staqdarda and' 
revert to the Standard Proceduie for 
Preparing and Issuing A.W.S. Standards. 

Mr. Hill informed the Board that an 
election of officers was held on September 
12th to fill theoffices of Chairman and Vice- 
Chairman of the Technical Activities Com¬ 
mittee, for term ending September 30. 
1947, and that Mr. H. W. Pierce and Mr. 
C. H. Jennings were elected Chairman 
and Vice-Chairman, respectively. 

He further reported that the A.W.S.- 
A.W.W.A. Committee on Specifications 
for Field Welding of Water Pipe Joints 
has just completed specification and has 
submitted it for approval as a Tentative 


Standard of the Society. The spedfica- 
tion was received too late for considera¬ 
tion at the Technical Activities Com¬ 
mittee meeting, and is to be submitted 
for letter ballot approval of that Com¬ 
mittee and the Board of Directors shortly. 

Concurrent approval is being obtained 
from the American Water Wcffks As- 
sodation. 

It was voted that the boundaries of 
Sections reccanmended by the Section 
Advisory Committee be approved sub¬ 
ject to sligKt changes that have been sug¬ 
gested by Mr. Fyke at this meeting. 

It was understood that the Section 
’Mvisory Committee will endeavor to es¬ 
tablish boundaries of Sections not yet 
settled and of new Sections when or¬ 
ganized, and submit their recommenda¬ 
tions- to the Board of Directors for ap¬ 
proval. 

Resolution 

On completion of the program of the 
last meeting of the Board of Directors, 
upon motion, a rising vote of thanks was 
extended to President Weigel in apprecia¬ 
tion of services rendered during ^ term 
of office. Mr. Weigel thanked the Board 
of Directors and expressed regret travel, 
due to war conditions, prevented him 
visiting more of the Sections. He thanked 
those that had contributed their services 
during his term of office. 

Adjournment 

The meeting adjourned at 1:45 P.M. 


POSTWAR INSTRUCTIONS OF 
ARC-WELDING OPERATORS 

In 1939, to meet the growing demand for 
trained welding operators created by the 
increased use of welding, the American 
Weldi.mg Society organized a Committee 
on Minimum Requirements of Instnicticm 
for Welding Operators to prepare suitable 
training standards for vocational courses 
in welding. 

In July 1942, “Part A—Arc Welding of 
Steel Vi* to V« In. Thick,” the first in the 
series, “Code of Minimum Requirements 
for Instruction of Welding Operators,” 
was issued, and found wide use in the train¬ 
ing of welding operators for war produc¬ 
tion. 

The Committee has studied the use of 
Part A and based on the experience re¬ 
ported, as well as experience gained by the 
Committee in subsequently preparing 
“Part B-1—Oxy-Acetylene Welding of 
Steel-Aircraft,” a revision of Part A was 
undertaken to make it most applicable to 
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CAPACITY: 
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3000 ampebes - A 


Provides these 
Important Advantages! 

Here are the principal advantages of the new 

Unamatic Universal Arc Welding Control Panel: 

1. Control Panel operates up to 1500 amperes 
D. C. by paralleling shunt wound D. C. welders 
or up to 3000 amperes A. C. by paralleling 
A. C. welders. 

2. Wire feed is controlled at all times, insuring 
proper starting and operation for Open Arc, 
Protected Arc and Concealed Arc welding. 

3. Panel is smaller, more compect, considerably 
reduced in weight and incorporates a new 
simplified circuit. 

4. Servicing is easier because front panel wiring 
and all leads eire brought to a central 
terminal block. 




5. 


"Trouble Shooting" is made easy because 
of the simplified control circuit and re¬ 
movable cover which pro¬ 
vides complete accessibility 
to all parts. 


SIMPLIFIED, SMALLER, MORE COMPACT, LIGHTEE 

6. Any conventional lighting supply pro¬ 
vides power for the control circuit. 

Information regarding the advantages which 
you may gain by the use of this new control 
panel is available upon request. Write and we 
shall be glad to have a field engineer call by 
appointment... without obligation, of course. 

UNA WELDING, INC 

1615 COLLAMER AVENUE 
CLEVELAND 10, OHIO 
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the postwar training of welding operators, 
including returning veterans. 

The revision embodies primarily a modi¬ 
fication of the manner of presentation, al¬ 
though some changes in the exercises and 
lecture information have also been made 
to provide for a more inclusive course. 

Part A in addition to prescribing equip¬ 
ment and facilities of the school, exercises 
for each position of welding and topics for 
lecture and discussion, contains nine Ap¬ 
pendices intended to be of aid to the indi¬ 
vidual student as well as the schools. 
Topics covered include: Design of Posi¬ 
tioning Equipment; Design and Use of 
Testing Apparatus; Welding Electrodes; 
Suggested Exercises; and Annotated Bib¬ 
liography of Publications Relating to Arc 
Welding. 

Copies of "Part A—Arc Welding of Steel 
*/i* to */< In. Thick" may be obtained from 
Ae American Welding Society, 33 West 
39th St., New York 18, N. Y., at a price of 
50 cents per copy. Special discount is pro* 
vided for group quantities. 

OPENING ADDRESS 25TH ANNIVERSARY 
MEETING CHICAGO SECTION 

By C. G. Bassier 

Ladies and Gentlemen: As present 
chairman of the Chicago Secticm of the 
American Welding Society, it is my 
privilege to welcome you and to express 
our appreciation to you for joining with us 
in the Silver Anniversary of our founding. 
In doing this, you not only honor the 
Society, but in a larger sense you are pay¬ 
ing tribute to the art of welding in its 
many forms and the part it has played in 
the phenomenal industrial development 
of our great country in the last two 
and a half decades. In that period, 
this art of joining metals has progressed 
until it approaches a science and it 
must gladden the hearts of those who are 
here tonight, who had a part at the start of 
this Chapter and, indeed, the national or¬ 
ganization. That was in early 1920. Aug. 
3rd, to give the exact date when Charter 
No. 2 was granted by the New York head¬ 
quarters. Charter No. 1 had been given 
earlier that year, around March, to Phila¬ 
delphia. Pittsburgh was No. 3 on Au¬ 
gust 12th, only seven, days after Chicago 
and New York which came in October, 
ended the chartering of Chapters for that 
year. The next Chapter, Cleveland, did 


not come in until 1921. In Chicago, the 
credit for the original idea of starting the 
Chicago Chapter is given to Mr. L. B. 
Mackenzie, I understand, but he had the 
able assistance of Mr. Joe Jardine and 
Wm. H. Bleecker. These three must have 
done a fine job of organizing, too, because 
they had 57 people at that first meeting. 
They elected for their chairman that year, 
Mr. M. B. Osburn, assistant superintend¬ 
ent of the Pullman Car and Mfg. Co.; as 
vice-chairman, Mr. O. T. Nelson, presi¬ 
dent of General Boilers Co., with Mr. 
Mackenzie as secretary-treasurer. 

In those days, the meetings were of the 
round-table or forum type, not particu¬ 
larly technical, but loud and long. Nearly 
all of the members were operating people, 
using either gas or arc equipment as main¬ 
tenance tools. The dollar volume of the 
welding business that year, 1920, was esti¬ 
mated at l^/i millions, nationally; in 1930, 
10 millions; in 1940, 124 millions; and in 
1944,372 millions. This is 25,000%. 

And in thinking of the many develop¬ 
ments that were responsible for this'grow^ 
perhaps in the acetylene field, the most 
important has been the development of 
the flame-treating processes, including 
cutting, hardening, and softening. In the 
arc-welding field, probably the most im¬ 
portant was the creation of the coated 
electrode which made i)ossible welding in 
all positions. The arc welding of non- 
ferrous metals, automatic welding, and 
alternating-current arc-welding machines 
brought about enormous increases in the 
uses of arc welding. Also, there came to 
prominence during this period an alto¬ 
gether new type of welding known as re¬ 
sistance welding, destined to become a 
production tool of first magnitude, taking 
its place alongside the gas and the arc— 
the three together supplementing one an¬ 
other in that greatest of all tests of evaluat¬ 
ing processes for their production capa¬ 
city—World War II. 

In the shipbuilding industry alone the 
part played by welding will ever stand as a 
breath-taking achievement. In World 
War I, the shortest time achieved by any 
shipyard to build a 10,500-ton ship was 
243 days, while in World War II this same 
size ship was turned out by the hundreds 
in an average time of 43 days and some of 
the west coast yards worked on a 27-day 
schedule. Ships meant men and supplies 
and men and supplies spelled victory. 
Then there were tanks and metal airplanes 


this time instead of the wooden crates of 
the last war; pipe lines and yes—even the 
atomic bomb. But what has the Welding 
Society to do with this, you say. These are 
the achievements of industry. You are 
correct. They are the achievements of in¬ 
dustry, but the prior information—the de- 
developed techniques and factual data, the 
"know how" if you please, was largely de¬ 
veloped by SociBTY-sponsored programs 
or cleared through the Society. And that 
is as it should be because this was one of 
the aims for which the SociBry was 
founded. Let me read you some more of 
these aims and purposes so tha t we may 
determine how well they have been ac¬ 
complished. 

1. To collect and make available au¬ 
thentic and up-to-date information on 
welding and cutting, and to be recognized 
as the authoritative source of such infor¬ 
mation by manufacturers in the welding 
field, users of the process, engineering so¬ 
cieties and legislative bodies. 

2. To provide a means for the inter¬ 
change of knowledge and experience to aid 
in the solution of the problems of the weld¬ 
ing art—technical, ethical and commer¬ 
cial—through cooperative effort. 

3. To be the agent of the industry in 
cooperative research on important tech¬ 
nic^ problems, and to serve as a common 
spokesman of the industry in matters per¬ 
taining to its welfare. 

4. To provide opportunities for social 
intercourse, and thus to promote a better 
understanding among manufacturers, users 
and scientists in the welding field, and to 
foster a spirit of cooperation for the com¬ 
mon good. 

5. To encourage the development of 
welding through improvements in present 
applications and expansion of its use into 
new fields, and to develop technical and 
ethical standards for the welding industry. 
Yes, the aims and purposes for which the 
Society was founded have been well met 
and you here who have been a part of it 
should be well pleased. 

I should feel remisS if I did not take this 
opportunity to point out that the wonder¬ 
ful achievements of which I have been 
speaking were accomplished under the 
capitalistic-free enterprise system. 

There may be some who will say that I 
am out of order in saying this, but I would 
reply that those who advocate an opposing 
economic philosophy never overlook any 
opportunity to tell what their system will 


Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “ANTI-BORAX” 

Aakfor Them Unequalled for Quality 

A Flux for every metali Cast Iron Welding Flux 
No. 1} Braxing Flux No. 2} Braz-Cast Flux No. 4 
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HERE, PRESIDENT CAMACHO, are sources of education for any man 
interested in producing better products and structures at lower cost: 


WELDING A-D-C's. More than 25,000 welders have 
started their careers in Arc Welding with the sound 
foundation afforded by the Lincoln Welding School. 
120 hours of continuous practice in latest techniques 
under leadership of world-famous instructors. In 
addition, special courses are offered in the welding of 
alloys, pipe and sheet metal. Pull details in Bui. 416. 


^ne^ucab (^/iea^7 ftcc7U^ui£ recou^^ 

a/" 


ARC WELDIIVG ( 






EN6INEEIIN6. A course in welding engineering for 
shop supervisors, engineers, designers and executives. 
Held regularly in Cleveland at Lincoln plant. A valu¬ 
able “eye opener” for ways to improve products and 
cut costs. 5 days’ instruction by nationally prominent 
authorities. Write for details and schedule of dates. 


TO SOLVE TOUR PRORLEMS. The Lincoln Engineer 
located nearby has had wide experience in all phases 
of Arc Welding application and will gladly help you 
design and pr^uce better products and structures 
at lower cost. Call him today. No obligation. 


WORLD'S LEADING ROOKS. On all phases of Arc 
Welding. Authentic. New 8th Edition “Procedure 
Handbook” outdates all previous editions. 1312 pages 
of latest facts gathered by experts. Price only $1.50. 
Also: “Lessons in Arc Welding” (50^), “Simple Blue¬ 
print Reading” (50^), “Welding Metallurgy” ($1.50), 
^‘Studies in Arc Welding” ($1.50), “Design, M£uiufac- 
ture and Construction” ($1.50), “Maintenance Arc 
Welding” (50^). Order* C.O.D. Postpaid in U.S.A. 
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AIRCO WELDING ACCESSORIES 


do and 1 think it is high time that the re¬ 
cipients of the benefits of free enterprise 
speak out and say—not what their system's 
will do but what their system has done. 

I thank you. 


WELDING NEW CONTAINERS 

A welder at the Warren City Manufac¬ 
turing Co., the Warren, Ohio, subsidiary 
of Graham-Paige Motors, works on an in¬ 
terior bracket in a new-type aircraft engine 
container. The motor rests on shock¬ 



absorbing rubber cushions attached to the 
six brackets shown. Completed units, 8 
ft. tall and 5 ft. in diameter, protect 
motors from moisture and rough handling 
during shipment. 


SILBRAZ* JOINTS 

The Silbraz Joint—the modern thread¬ 
less connection that actually bonds I.P.S. 
copper tubing and brass pipe into a single 
“one-piece" pipe line—is thoroughly de¬ 
scribed in Airco’s new 16-page, 2-color 
booklet, "How to Cash in on the Silver 
Ring.” 

Profusely illustrated, the booklet show’s 
how Silbraz Joints are made from patented 
bronze pipe fittings, valves and flanges— 
containing a factory inserted ring of silver 
brazing alloy in each port opening. The 
literature shows that when brass pipe or 
I.P.S. copper tubing is properly inserted in 
these fittings and the assembly is brazed, 
the resulting joint is stronger than the pipe 
itself.. .a joint that is leakproof; that will 
not creep or pull apart under any pressure 
which the pipe itself can withstand. 

'Additional photographs and text show 
how the Silbraz Joints resist corrosion and 
vibration; how they simplify and speed up 
installation, making it a simple matter to 
run lines even in hard-to-get-at places. 

Other explanatory sections describe the 
Aircobraze Outfit for making these joints 
and the many other uses for the outfit. 

Copies of the booklet, NO. ADG-2017, 
are available on request from Air Reduc¬ 
tion Sales Co., 60 East 42nd St., New 
York 17, N. Y., or any local Airco office. 


• Registered—U. S. Pat. Off. 


* An up-to-date price list and catalog of 
Airco gas welding and cutting supplies and 
accesstnies has recently been published by 
Air Reduction, 60 East 42nd St., New 
York 17, N. Y. This 16-page booklet con¬ 
tains illustrations, descriptions, engineer¬ 
ing data and current prices. 

Types of equipment covered include: 
welding rods, brazing and welding flux, 
hose, brazing alloys, goggles and spectacles 
gloves for gas welding and cutting, and 
sparklighters and tips. Also listed are: 
carbon rods and plates, hardfacing rods, 
cobalt borium uiserts, pea borium, and 
other items. 

Information concerning properties and 
uses accompanies each article listed. 
Wherever possible, precise quantitative 
data are supplied. Numerous photo¬ 
graphs and sketches supplement the text. 

Ordering is facilitated by the listing of 
sizes and stock numbers in easily read 
columns. Complete directions fw order¬ 
ing are included. 

The booklet also lists the addresses of 
Airco offices throughout the country from 
which these gas welding and cutting sup¬ 
plies can be supplied promptly. 

Copies of this price list may be obtained 
by writing for Catalog No. 40 to Air Re¬ 
duction, 60 East 42nd St., New York 17, 
N. Y., or to the nearest Airco office. 


SPECIAL LENGTH BOILER TUBING 
TAILOR-MADE BY 

OXYACETYLENE PRESSURE WELDING 

Boiler tubing, tailor-made to any de¬ 
sired length, is fabricated from standard- 
length tube stock by the use of oxyacetyl- 
ene pressure welding. Besides welding 
short lengths of tubing to standard 20-ft. 
lengths, this boiler manufacturer also uses 
the process to join together standard 
lengths. In this manner continuous tub¬ 
ing 95 ft. in length has been produced. 
Production delays can now be avoided 
since tube stock of suitable length is 
readily available. 

In welding with this process, squarely 
cut surfaces are butted together under 
pressure. While this pressure is main¬ 
tained, the joint is heated by means of a 
ring of oxyacetylene flames to a high 
temperature but below the melting point 
of the steel. Increased pressure is then 



Fig. 1—Special-Length Tubing of Stand¬ 
ard and tora Heavy Weight Is Welded 
from Standard Lengths with This Oxy¬ 
acetylene Pressure-Welding Machine 



Fig. 2—Closeup Showing 2-In. Tubing 
Being Pressure Welded, ^le Slighi 
Thickening in the Vicinity of the J^nt 
Shows That Plastic Upset Has Just Begun 


applied to the work by means of a hy¬ 
draulic pump and continued until upset¬ 
ting of the joint occurs, producing a weld 
of high quality. 

The oxyacetylene pressure-welding ma¬ 
chine is shown in Fig. 1. Work is clamped 
in the machine by means of two split jaws. 

In the picture the stationary left-hand 
jaw is open to demonstrate the method of 
introducing and removing the work. A 
special ring-type heating head, also open, 
is shown between the jaws. The control 
valve for gases is on the left front of the 
machine. The hydraulic pressure applied 
to the damping and pu^-up pistons is 
provided by the pump shown at the right 
of the machine. 

The ends of the tubing to be pressure 
welded are prepared for welding by a 
simple cut-off operation done on a lathe. 
In this manner, clean, squarely mated 
edges are produced. Such careful edge 
preparation is necessary for making con¬ 
sistently strong welds in tubes subject to 
high temperatures and pressures. With 
the two lengths of tubing clamped into the 
machine, the initial pressure is applied and 
the welding flames are lighted. During 
the heating operation the welding operator 
positions the welding head directly over 
the joint. A slight lateral movement of 
the head is used during the last few seconds 
to prevent any local overheating or exces¬ 
sive surface fusion. The pressure on the 
joint is controlled by a helper. 

Both heating and pressure are main¬ 
tained until plastic upsetting occurs. The 
weld is completed when a predetermined 
amount of shortenmg has occurred in the 
workpiece. The joint is then welded and 
the flames turned off. The beginning of 
such a plastic upset is shown in Fig. 2. 
The work being welded here is carbon 
steel tubing with a 2-iii. outside diameter. 
An initial pressure of 900 psi., which is 
gradually increased to 2200 psi., is used in 
• upsetting this material. The tubes are 
stress relieved by simply reheating the 
cooled welded areas to a dull red heat and 
allowing them to cool slowly in air. After 
being welded and stress relieved the pipes 
are bent to the proper shape and are then 
ready for installation. 

WALLNER PROMOTED 

L. B. Wallner has been app<«tted dis¬ 
trict welding engineer at Duluth, Minn., 
by Lincoln Electric Co., replacing I. R. 
Bartter who was promoted to wdfdiog en¬ 
gineer at Lincoln’s Grand Rapids, Mich.. 
office. 
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Leak Proof 
Gasoline Cans 
Seam Welded 
in Seconds 

"Sewing” the sides of this gasoline tank takes only 
a few seconds, using Mallory Seam Welding Wheels, 
In less time than it takes to describe the operation, 
a sturdy, liquid-tight welded container for gasoline 
is fabricated. 

Two factors help assure accurate high-speed pro¬ 
duction. One is the cooling of both wheel and weld 
by running water throughout the welding operation. 
The other plus factor is that seam welding wheels 
are made of Mallory 3* an alloy with high electrical 
conductivity and excellent wear resistance. Results: 
strong, clean welds; minimum down time for dress¬ 
ing the welding surfaces; and long electrode life. 

Industries, fabricating both ferrous and non-ferrous 
metals, depend upon Mallory for superior electrode 
materials^ including Elkaloy'A, Mallory 3* Metal and 
Elkonite*. Today they are using many thousands of 
Mallory standard spot welding tips and holders, in 
addition to seam welding wheels, flash, butt and* 
projection welding dies for specific applications. 
Mallory pioneering is helping to win new friends 



( PhoiOflfoph CourtoJv Noblltl Scujrl-j(ndurtries) 


for resistance welding as a technique for high 
speed production. 

Write today for help on your specific resistance 
welding problems. Ask for your free copy of the 
latest catalog on Mallory electrodes. 


A for Welding Engineers 

You need the improved, revised, expanded Mallory 
Resistance Welding Data Book (3rd Edition), containing 
useful information on resistance welding methods, 
machines and materials. Free to those using resistance 
welding, when requested on company letterhead. Price 
to students, libraries and educational institutions: $2.50 
per copy, postpaid. Board covers, 160 pages. 


•R^. L. 5. r<u. oa. p. K. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

In tkm United Kingdom, Made and Sold by Mallory MmaUurgic^ ProAteU, Lid., London. 




Standard 

Resistance Welding Electrodes 


MallorY 
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Wallner received bis B.S. degree at 
Stout Institute, Menomonie, Wis., and 
studied internal combustion engines at 
General Motc^ Technical School. From 
1936 to 1938 he was welding instructor at 
Vocational and Adult Educational School, 
Janesville, Wis., and later taught gas and 
electric welding at the Industrial Educa¬ 
tion Department for the Board of Educa¬ 
tion, Duluth, Minn. 

For the past five srears Wallner held the 
post of superintendent for Zenith Dredge 
Shipbuilding Company, Duluth, Minn. 
He is a Member of the Ambrican Welding 
Society. 


EYE PROTECTION 

Experiments with baby chicks reveal 
that exposure of eyes to invisible ultra¬ 
violet light ranging from 300 to 365 milli¬ 
microns in wave length—a range pre¬ 
viously considered harmless by some 
authorities—delays dark adaptation and 
Impairs visual functions even when the 
eyes themselves show no obvious injury. 

Dr. Ernst Wolf, of the Harvard Biologi¬ 
cal Laboratories, repots the discovery in 
the August issue of the Proceedings of the 
National Academy of Sciences. The eye re¬ 
search was ^Kmsored by American Optical 
Co., Southbridge, Mass. 

As human eyes could not be utilized in 
view of the potential danger. Dr. Wolf 
selected baby chicks for testing because 
the visual characteristics of their eyes ap¬ 
proximate closely those of a human, and 
also because chicks obligingly keep their 
eyes wide open during exposure to ultra¬ 
violet. 

After a year's study of the effects, he db- 
covered (hat the ultraviolet light in ques¬ 
tion definitely impaired the functioning of 
the chicks' visual mechanism even though 
under some conditions no obvious patho¬ 
logical changes in the eyes could be ob¬ 
served. 

He therefore concludes that protective 
lenses excluding the dangerous rays should 
be worn by welders and their helpers, 
skiers, fliers, sun bathers and others ex¬ 
posed to the radiations. 

In explaining hb investigations Dr. 
Wolf points out that light rays can be ac- 
curatdy measured. Vbible light rays 
range in length from about 400 to 750 
millimicrons (a millimicron b ^/u,en.»a of 
an inch). The invisible ultraviolet region 
starts below 400 millimicrons and includes 
all shorter waves until air absorbs them 
around 190 millimicrons. 


THERMIT WELDING OF SHIP FRAMES 

Fabrication of stem frames of cargo 
ships by Thermit welding b graphically 
portrayed in a I6*mm. sound and color 
motion picture made for the Metal and 
Thermit Corp. The 20-min. film com¬ 
pletely visualizes the Thermit process by 
which thousands of stem frames have been 
welded during the war without failure of 
a single weld being reported. Prints are 
available without charge for showing to 
Local Sections of the American Welding 
Society, the A.S.M.E. and other organiza¬ 
tions, as well as interested companies, by 


request to the Metal and Thermit Corp., 
120 Broadway, New York, N. Y. 


X-RAY INSPECTION AND THE 
ATOMIC BOMB 

The practical realization of the universe¬ 
shaking atomic bomb represents a typi¬ 
cally democratic process. Its conception 
in Uie minds of our greatest scientists was 
followed by the finest demonstration of 
team work in the hbtory of the world. In 
a race against time, many experts in many 
fields gave their fullest assbtance and co¬ 
operation. 

At the Hanford,,Wash., divbion of the 
project, an X-ray inspection program was 
required whose magnitude was one of the 
largest ever performed. Because of their 
reputatimi and facilities in thb field, Trip¬ 
lett & Barton Inc., Burbank. Calif., was 
selected for that part of the work. 

Thb was a field job, located in a desert 
waste where ice in winter and heavy wind 
and dust storms in summer had a devastat¬ 
ing effect on delicate equipment. It was 
miles from supplies and had cmly ctmstruc- 
tion camp accommodations and untrained 
labor (m which to draw. And yet, labora¬ 
tory quality had to be obtained—quality 
which normally would have only bera pos¬ 
sible under the most ideal conditions. 

Triplett & Barton found it necessary to 
design and manufacture special jigs. X-tay 
coolers, expansion tanks, power transform¬ 
ers, magnetic and contoured film holders 
and many other special devices. In addi¬ 
tion, they created a new type of film which 
was manufactured for their s<^e use by the 
du Pont Corporation. 

In all, working 24 hr. a day, thousands of 
lineal feet of welds were X-rayed. More 
than 15 years of successful X-ray experi¬ 
ence, a highly skilled technical and engi¬ 
neering staff and many special manufac¬ 
turing facilities all went into thb project. 
Its successful conclusion has given the 
world a new conception in the field of 
power. 


SUSTAINING ^CEMBER 

The A. O. Sutton Corp., Aircraft 
Welders Divieion, Wichita, Kan., has been 
through the war j^ears engaged in the 
fabrication of airplane motor mounts, 
nacelle frames, tail wheel assemblies, 
landing gear supports and carburetor 
apparatus. They contributed to the per¬ 
formance of the B-29 Super Portress, A-25 
Hell Diver, C-46 Commando and many 
others. 

The Vornadofan Divbion b at present 
manufacturing a new and revolutionary 
line of air circulators known as The 
•'Vornadofan.” Dbtributor wders re¬ 
ceived indicate capacity production for 
some time to come. 


L. W. CLARK PROMOTED 

Lemore W. Clark came to The Detroit 
Edison Company in 1928 and has just been 
appointed Assistant Superintendent of the 
Underground Lines Department according 


to announcement by Jsunes W. Parker. 
President. 

Mr. Clark b a graduate erf the Univer¬ 
sity <rf Wisconsin with a degree of Elec- 



L. W. Qaik 


trical Engineering and before hb recent 
appointment worked in the Company’s 
^rstem Engineering Divbion. 


BY-LAW AMENDMENTS 

At the Executive Committee meeting 
held on March 15,1945, and the Board of 
DirectOTS meeting held on June 28, 1945, 
the following By-Laws amendments and 
new rulings were approved. In accordance 
with the establbhed policy of the Society. 
these amendments and rulings are pnb- 
Ibhed in The Welding Journal 30 days 
in advance of their submittal to the voting 
membership. 

Approved March 15,1945 
ARTICLE V 
Section Organization 

Section 9, Section Exhibitions.—Sec¬ 
tions shall obtain approval of the Natimial 
Board of Directors or Executive Committee 
before promoting an exhibition. 

ARTICLE X 
Management 

Section 7 (c). The Secretary shall be, 
ex-officio, a member of the Executive Ccun- 
mittee. 

Section 8 (e). The Treasurer shall be. 
ex-officio, a member of the Committee on 
Permanent Funds. 

Reletter present paragraph (e) as (f). 

Section 10. The Assbtant Treasurer 
<^hali be, ex-officio, a member of the Fi¬ 
nance Committee, and of the Committee on 
Permanent Funds. 

ARTICLE XII 
Committees 

Section 1. Executive Committee. An 
Executive Committee consbting of not less 
than five members of the Board of Direc¬ 
tors, the Chairman of the Welding Re¬ 
search Council and the Chairman of the 
Technical Activities Committee, shall ex- 
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Lap weld seams per HOUR! 


“AIRGRIP'* Non-Roteting Cylin* 
d«rs on Rodthmof Welding 
Machtne of the Resistance 
Welder Corp., Bays City, Mich. 
BHier end of the "AIRGRIP" Non* 
ftototing cylinder can be re* 
moved, leoving rei|completely 
assembled. 


By equipping this resistance welding machine with EIGHT* 


Production capacity is stepped up, Ample strength is provided by making 

makes lap weld seams on 525 cylindri* the metal oi cylinder walls extra thick 

cal containers in one hour!—and qual* —A of an inch, 
ity, uniformity and smoothness of welds 
are improved. “AIRGRIP” Cylinders do 
four jobs: (1) They clamp the work. (2) 

They unclamp it. (3) They lock fixtures. 

(4) They apply welding pressure. 

"AIRGRIP'' Cylinders have no tie-rods. 

OTHER ANKER • HOLTH COST ponsating Chucks, Lubricating Assam* 
REDUCERS include "AIRGRIP" Chucks blies, 3* or 4*way Air Valves (hand or 
and Rotating Cylinders, Air Operated foot operated), etc. Also Hydraulic 
Collets, Arbors, Mandrels, Drill Press Power Units and Fittings. 

Chucks, 2* and 3*)aw Finger and Com* * 

Representatives in all principal cities. Write for Bulletins. 


"AIRGRIP” Non-Rotating Cylinders speed 
production in many ways. Tell us about 
your machine operations. Our engi¬ 
neers will investigate your requirements, 
make recommendations. 


On this welding machine the 
"AIRGRIP" Cylinders operate ir» 
pairs because two cylindrical 
containers are welded simut* 
taneously. 


^nkER-/^OLTH 


2796 Connors Street 


Port Huron, Michigan 


When buying new lathes, specify '^AIRGRIP" Chucks qac/ Cylinders 
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erctse, at times when the Board of Direc¬ 
tors is not in session, such part of the 
authority of the Board in the administra¬ 
tion of the affairs of the Society as may 
from time to time be delegated to it. The 
National Secretary, the Director of the 
Welding Research Council and the Tech¬ 
nical Secretary of the Society shall be ex- 
officio, members of the Committee without 
the right to vote. 

Seclion W. Technical Activities Com¬ 
mittee. 

In the 13th line delete “without the 
right to vote.” 

Se^ion 14, Committee on Permanent 
Funds. Revise first paragraph as follows: 

A Committee on Permanent Funds con¬ 
sisting of five members, each to serve for 
five years, one member of which shall re¬ 
tire each year and the member senior in 
respect to service shall be Chairman. The 
Treasurer and AssUtani Treasurer of the 
Society shall be, ex-officio, members of 
this Committee. 


Approved June 28, 1945 
ARTICLE XII 
Cohmittbbs 

Section 14. Honorary Membership and 
Honorary Directorship Committee. A 
Committee on Honorary Membership and 
Honorary Directorship of five members 
comprising the President, First Vice- 
President, Second Vice-President, and the 
two latest Past-Presidents, who are living, 
and continue to be members, whose duties 
shall be to present a statement of qualifi¬ 
cations and make recommendations to the 
Board of Directors regarding all nominees 
presented for Honorary Membership and 
Honorary Directorship in the Society and 
to arrange for the presentation of the cer¬ 
tificate. 

Reletter Sections 14 through 22 as 15 
through 23. 

ARTICLE 11 
Election of Mbubbrs 
Section 1. Honorary Members. Nomi¬ 
nees for Honorary Membership may be 
submitted to the Board of Directors in 
writing by any corpor a te member of the 
Society. Such nominations shall state 
the qualifications of the nominees for such 
membership and shall be referred to the 
Honorary Membership and Honorary Direc¬ 
torship Committee for its recommendations. 
Honorary Members shall be elected by 
unanimous vote of the Board of Directors, 
except that no member of the Board of 
Directors shall vote upon his own ad¬ 
mission. 

ARTICLE IX 

Nomination and Election of Officers 
Seclion»8. Honorary Directors. Nomi¬ 
nees for Honorary Directorship may be 
submitted to the Board of Directors in 
writing by any corporate member of the 
Society. Such nominations shall state 
the qualifications of the nominee for this 
office and shall be referred to the Honorary 
Membership and Honorary Directorship 
Committee for its recommendations. Honor¬ 
ary Directors shall be elected by unani¬ 
mous vote of the Board of Directors, ex¬ 
cept that uo member of the Board of Di¬ 
rectors shall vote upon his own admission. 
They shall hold office for life or until re¬ 


moved from office by majority vote of the 
Board of Directors. 

ARTICLE XII 
Committees 

Section 13. Committee on Awards. A 
Committee on Awards consisting of five 
members each serving a period of five 
years,onememberretiringeachyear. The 
member senior in respect to service shall be 
Chairman. It shall be the duty of this 
Committee to make the awards and nomi¬ 
nate those to present honorary lectures at 
the Annual Meeting and to arrange for the 
presentation of such medals, certificates or 
other awards as may be authorized by the 
Board of Directors. 

Upon authorization by the Board of Direc¬ 
tors, the President may appoint subcommit¬ 
tees to this Committee for stated terms to pro¬ 
vide for the prosecution of some particular 
project or projects. 

Ruling of Board of Directors 
June 28, 1945 

Attendance at Board Meetings. Mem¬ 
bers of the Executive Committee, who are 
not members of the Board of Directors, 
shall be invited to attend meetings of the 
Board. 

Employment 
Service Bulletin 

POSITIONS VACANT 

V-177. Silver Brazing Alloys. Promi¬ 
nent manufacturer of silver brazing alloys 
and fluxes has opening for salesman demon¬ 
strator with shop background. Location 
New York area. 

V-178. Business Opportunity. For 
sale: Old-established and well-developed 
welding equipment and supplies business, 
located in a thriving industrial center in 
in New York State. Exclusive distribu¬ 
tors for all the “big name brands” in the 
welding manufacturing field. Must sell 
because of ill health. 

V-179. Engineer of Tests, to take 
charge of commercial and industrial 
structures and material tests. M.S. de¬ 
gree and labiwatory experience desirable. 
Opportunity to work for doctorate. 
S^ary $3000.00 or more for 12 months de¬ 
pending on experience. One month vaca¬ 
tion with pay. 

V-180. Research Engineer, to work on 
industrial research program. Advanced 
degree and some experience in testing and 
vibration theory desirable. Salary 
$3600.00 or more depending on experience. 

V-18I. Research Fellows, to work half¬ 
time on industrial research programs and 
study half-time for M.S. or Ph.D. degree. 
One of these is an American Welding 
Society Fellowship Program which will 
start Feb. 1, 1946. Salary $1080.00 for 
12 months together with freedom from 
tuition fees. Extra compensation during 
summer months may be obttuned by 
working full time. 

Applications for the last three positions 
above should contain complete scholastic 
and experience record and should be sent 
to Dr. Bruce G. Johnston, Associate 
Director, Fritz Engineering Laboratory, 
Lehigh University, Bethlehem, Pa. 

THE WELDING JOURNAL 


. SERVICES AVAILABLE 

A-505. Army officer returning from 
overseas desires to purchase a suitable 
welding business. Also would be inter¬ 
ested in part ownership combined with 
services and investment. Northeastern 
location preferred. 

A-506. 10 years experience in the weld¬ 
ing field'as follows: 2V« years in college 
(majoring in welding engineering), 3 years 
as a welder, 4 years as a welding instructor 
and welding specialist, and a year as a 
welding engineer. Have taught both elec¬ 
tric and oxyacetylene welding of steel, cast 
iron, aluminum and aluminum alloys, 
brass, copper, and stainless steels. Also 
single and twin carbon arc and automatic 
carbon arc. Also familiar with welding 
metallurgy, production methods, produc¬ 
tion control and the development of weld¬ 
ing procedures. 

A-507. Have layed out steel directly 
and indirectly, have fitted in ^ops on 
boilers, tanks, machinery and pii>e, ship- 
fitted on new construction and repair 
work; welded with the electric arc on new 
construction and repaired the* same; 
welded with the Acetylene-Oxygen torch 
on pipe, tanks, radiators, etc.; have used 
heavy-duty cutting torch on heavy steel 
casting work in steel foundries add light 
structural and plate work. Can lay out 
welding sequences and procedure for small 
or large all-welded fabrication; can set up 
assembly line welding fabrication methods. 
Served as Foreman and Inspector. Age 
40, best of health and willing to accept em¬ 
ployment anywhere. 

A-508. Metallurgist, graduate, 5 years’ 
experience in research and development in 
resistance welding, soldering, and brazing 
aluminum alloys, and steel. Handle pro¬ 
duction trouble-shooting in related fields. 


RESISTANCE WELDERS PAMPHLET 

An attractive, illustrated technical 
pamphlet has been prepared on the sub¬ 
ject of resistance welders by The Taylor- 
Winfield Corp., Warren, Ohio. The pam¬ 
phlet describes the principle of resistance 
welding, the development of the different 
types of resistance welding machines, the 
particular features of The Taylor-Winfield 
products and detailed description of 
bench welders, portable welders, press 
welders, Hi-Wave welders, seam welders, 
flash butt welders and spot welders for 
specific purposes. Copy available on re¬ 
quest . 


BRONZE WELDING BULLETIN 

A new bulletin describing Phos-Trode, 
a shielded arc, phosphor bronze welding 
electrode, has just b^n issued by Ampco 
Metal, Inc., Milwaukee 4, Wis. Bulletin 
W-7 is well illustrated with views of typi¬ 
cal welds and tests, contains weld deposit 
physical pr<^rties, recommended am¬ 
perage, welding procedure and a list of 
typical applications. 

Phos-Trode is a companion line to Amp- 
co-Trode coated aluminum bronze elec¬ 
trodes. 

Copies of Bulletin W-7 will be sent on 
request. 
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Roll it to the Job! 



^Savenle^^ *„ Provides 

lllliiiiiiii^ 


Highly mobile, self-contained—this new Magnaflux 
unit simplifies welding inspection ... Move it 
around as needed . .. Save needless handling of 
heavy parts. Through magnetic particle inspec¬ 
tion, Magnaflux provides quality control for the 
welding shop ... Its indicaticns are positive, easily 
interpreted, ineacapablo. 

With Magnaflux, every weld can be examined 
non-destructively—quickly, economically. Magna¬ 
flux detects thermal cracks, lack of penetration 
and fusion, slag inclusions and other defects that 
cause rejections. The shape, size and location of 
hidden flaws are "high-lighted" in minute 
metallic particles. 

This new KH-2 Magnaflux unit, illustrated with 


the XB-2A Powder Blower, gives low-voltage, 
high-amperage outputs—both AC and half-wave 
rectified current, for either AC or DC magnetiza¬ 
tion or demagnetization after inspection. 

Only Magnaflux equipment and materials pro¬ 
vide the thorough inspection that builds confi¬ 
dence in your weldments. Why risk failures? Write 
today for complete information and free copy of 
"Routine Inspection and Salvage of Machinery 
Weldments" by James O. Owens. 

*MagnafIux, Registered U. S. Patent Office, a 
trade mark of the Magnaflux Corporation applied 
to its equipment and materials for magnetic par¬ 
ticle inspection. 



MAGNAFLUX CORPORATION 

5922 NorthwstI Highway, Chicago 31, lllinelt 
Ntw York • Dstroil • Doliat • Lot Angolst * Clovolond • Birmingham 
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NEW PRODUCTS 

The Society assumes no responsibility 
tor the validity of claims in this Section 


SOLDERING LEADS TO TERMINALS 

The use of a bolding fixture and solder¬ 
ing transformer for soldering dynamotor 
leads to a terminal has greatly speeded up 
production at the Small Motor Division of 
the Westinghouse Electric Corp., Lima, 
Ohio. 



This Soldari^ Transformer and Holding 
Fixture Hat &eatly Increased Production 


After the fixture holding the terminals is 
positioned with the left hand, the carbon 
electrode, which is connected to one of the 
transfcsmer leads, is lowered until it 
touches the terminal. This completes the 
circuit since the fixture is connected to the 
other transformer lead. Immediately 
there is enough beat created to melt the 
solder which flows over the face of the 
clips. 


ENGINE-DRIVEN WELDER 

This lightweight but husky, full- 
capacity 200-amp. "Simplified” engine- 
driven arc welder is the first postwar model 
to be announced by The Hobart Brothers 
Co., Troy, Ohio. Completely enclosed in 
a compact steel canopy with hinged side 
panels and powered with a sturdy 26-hp., 
four-cylinder engine for economical opera¬ 
tion, this new unit has a wide range of 40 
to 275 amp. 

Multi-range Dual Control of welding 
current makes it easy for the operator to 
adjust voltage and amperage r^tionship 
to the fine degrees that are required of 
present and future welding applications or 
for use with all present and forthcoming 
electrodes. The Multi-range Dual Control 
wheel on the front of the generator control 
panel corresponds to the "station selector” 
of a modem radio receiver and the volt- 
ampere adjuster located inside the wheel 


corresponds to the radio "volume control.” 
With 10 ranges of welding current and 100 
steps of volt-ampere adjustment in each 
range, the Hobart Multi-range Dual Con¬ 
trol makes available 1000 combinations of 
open circuit voltage and welding current 
for selecting any desired arc character¬ 
istics. 

Remote Control, a standard equipment 
feature of all Hobart welders, allows the 
volt-ampere adjuster to be easily removed 
fr<Mn the control panel for use with an ordi¬ 
nary extension cord so that the operator 
can adjust the welding beat right at the 
work, eliminating repeated trips between 
the welding work and machine. 

Standard equipment also includes the 
mercury-type idling device which auto- 
maticaUy idles the engine when not in use, 
cutting down on fuel consumption and en¬ 
gine wear. 



Illustration shows the stationary model 
with newly designed steel skid mounting, 
beveled at both ends with tubular end 
cross members for easy skidding. Port¬ 
able mountings on a 2-wheel pneumatic 
tired trailer or on 16-in. shop type wheels 
are also available. 


1945 OAKITE VICTORY CONFERENCE 

Highlighting each the 1945 V'ictory 
Conferences of the Oakite organization, 
held in New York and Chicago during 
October, was a vast exchange of technical 
information on cleaning, descaling, derust¬ 
ing, degreasing and related operations, par¬ 
ticularly as applied to peacetime manu¬ 
facture of civilian products. In addition 
to the entire field forces of more than 140 
Oakite Technical Service Representatives, 
these conferences were attended by the 
staffs of the Mechanical Engineering, 
Chemical and Research Laboratories of 
Oakite Products, Inc. 


The various discussions were devoted to 
the determination of the most effective 
techniques for performing post war pro¬ 
duction and maintenance cleaning opera¬ 
tions on a time-saving, low cost basis. 
Among the many subjects covered were 
the war-developed Oakite CrysCoat Pro¬ 
cess for providing tenacious paint adhesion 
to ferrous metal surfaces; preparation of 
aluminum smd aluminum alloys for spot 
welding, Alroking, anodizing and other in¬ 
dustrial finishes; surface preparatitm of 
basis metals before electroplating; use of 
Oakite materials in cutting, grinding, 
drawing, stamping, burnishing, tumbling, 
etc., and other important subjects. 


NEW FOOT-OPERATED SPOT WELDER 

In keeping with the recently announced 
Precision Rocker Arm air-operated spot 
welder. Precision Welder and Machine 
Co. of Cincinnati, Ohio, announces the 
new Precision Rocker Arm Foot-Operated 
Spot Welder. This machine overcomes 
the major objection to foot (^ration, lack 
of pressure, by a unique mechanism com¬ 
bining high pressures with minimum oper¬ 
ator fatigue. 



* Among the features are: 

1. High welding pressures up to 400 lb. 

on the electrodes with 50 lb. ex¬ 
erted by the operator. 

2. Minimum foot treadle movement of 

2Vt in. giving I'A-in. electrode 
movement, also adjustable for 
best operating ctmdition. 

3. Unit construction with removable 

side covers keeps raainteiiance to 
a minimum. 

4. Micro-switch firing of timer insures 

pressure before flow of weld cur¬ 
rent. 

5. Fabricated frame of channel con¬ 

struction insures rigidity. 
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Eliminate down-time... 

Weld Spare Gears with 

TOBIN BRONZE 


Ready to go to work again, these worn 
and broken gears from wire braiding ma¬ 
chines at the Metal Hose Branch of The 
American Brass Company, were quickly 
and economically reconditioned with 
Tobin Bronze* Welding Rod. 

Through the use of these spare gears, the 
machines were kept in operation 24 hours 
a day on vital work, braiding wire over 


flexible metal tubing for countless uses. 

"Don’t Scrap It... Bronze Weld It!” is 
more than a slogan —it’s a NECESSITY in 
many plants. Publication B-13 describes 
Anaconda Welding Rods, suggests uses 
and procedures. Write for a copy . 4UM B«v. 

Auc. V. B. Pat. Off. 

THE AMERICAN BRASS COMPANY 

General Offices: Waterbury 88, Conneaicut 
Subsidiary oj Anaconda Copper Mining Company 
In Canada: ANACONDA AMERICAN BRASS LTD., New Torente. Out. 


Aka^pA 


BUY VICTORY BONDS ... Help Assure World Peace 




1948 
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AUTOMATIC WELDING PROCESS 
INCREASES PRODUCTION 300% 

Production has been stepped up 300% 
by replacing the former combination of 


mechanized and hand arc-nrelding pro¬ 
cedures with the Unionmelt welding proc¬ 
ess by a manufacturer of water supply 
equipment. Superior appearance and im¬ 
provements in weld quality have also been 


acccnnplished with the new autojnatic iii- 
stallatioD. The accompanying pictures 
illustrate the application of this welding 
process to the fabrication of a shutter-type 
strainer for use in deep water well pumps. 



Fig. 1—The First Step in the Production of the 
Shntter Strainers Is the Forming of */irIn. 
Ingot Iron Sheet Into Cylinders. The Longi¬ 
tudinal Seam Is Then Welded 


Fig. 2—A Rolled Form with the Joint Tack Welded Is Shown in Position for 
Making the Longitudinal Weld 

This seam is welded by the Unionmelt process at a speed of 35 in. per 
minute. Previously this seam was arc welded using the automatic welding 
head shown here. With slight alterations the same head is now used for 
Unionmelt welding. 



Fig. 3—When Several Such Cylinders Have Been 
Welded and Slotted They Are Joined Together to Make 
a Strainer Unit 

To do this, connecting bands of the same material 
are fillet welded to the ends of each section. Formerly 
this procedure was a hand arc-welding job. With the 
new installation, the fillets are weld^ automatically 
while the assembly is rotated at a uniform speed on 
motor-driven rollers. The stationary welding head 
and rod reel are supported above the work by a pillar 
crane arrangement. A "melt recovery” unit, at right, 
is used to collect the unfused Unionmelt material for 
reuse. 


Fig. 4—The Unionmelt Type "U" Welding Head Is Used to Make 
the Fillet Welds on the Connecting Bands 

The operator need wear no special equipment since the process 
is carried on without flash, spark or fumes. All necessary controls 
are concentrated on the welding head within convenient reach. 
Bare welding rod is pulled automatically by the welding head from 
the 25-lb. rai-ieel appearing in the upper part of the picture. 
When the final Unionmelt fillet weld is made the strainers are 
ready for painting and shipment. Since Unionmelt welds are of 
excellent appearance and without spatter they require little or no 
cleaning. 
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*'ln this lyp* NNA WAIKIE- 
TALKiC Ces«, oil dtm«Ationt 
hod to b« hold to 
smoll toloroneas o( -h.OIS 
ond ~~.000. Mod* of .042 
cold rolled ttetl with v«otef> 
light 2eintt, H posed e tovgh 
problem that woi iwccess- 
fully solved by welding 
:i with EvtecRod Id." 


Mother Arc e /sen 


Pres. - Ludlow Welding Co. 


STEEL EABRtCATORS 
YOhUCSRS, N. Y. 


EUTECTIC WELDING ALLOYS COMPANY 


OmClNATOtS Of EUTECTIC LOW T£MPERATU«E WELDING 
40 Worth Stroet Now York 13, N.Y, 


Please send me complete focts about EUTECTIC Rods and FIwkos and 
information on how to purchase o selection of the 9 most irtportanl 
EutecRodi for every day use. Dept. JN>1 


"AM attempts to produco this Walkie-Talkie Cose by 
conventional drawing methods failed because the 
specified critical dimensional tolerances could not be 
held. When we were asked to tackle the job our 
engineers decided to try a new approach using weld¬ 
ing. The cases were stamped from flat sheets and 
then formed into shape ond the folded edges welded. 
Although this procedure enabled us to hold to re¬ 
quired tolerances production with ordinary rods was 
too expensive. After three weeks of research we were 
ready to admit defeat when we tried EutecRod 16. 
Thot solved our prob/em! 

"Due to close tolerance and thin gauge, heating had 
to be kept down to avoid distortion. Because EutecRod 
16 bonds at 1300-1600^ F. all danger of distortion 
was avoided. 

"When we tried a standord steel rod our welders 
could only turn out 30 cases a day. But when they 
tried EutecRod 16 they jumped production 300% by 
producing 120 cases per day. This is the fastest gas 
rod they hove ever used and practically eliminates 
after-machining. 

"Thanks to Eutectic we were able to get into maxi¬ 
mum production rapidly and economically. " 

AM EUTECTIC Alloys er« now ovolloblo for civilian production. 
By moans of 4t spociolly dovalopod Rods and Flwxos you 
can employ tho many rovolutlonory oUvontogos of EUTECTIC 
low Tomporaturo Wolding. Got tho facts todayl 


i 


gj 


Nemo. 


Company—. 
Addrots. 


Industry Endorsts EUTECTIC Low Temperafure WELDING RODS* 

^ andFLUXES 


Dinit'/n by 


Gc'.gU 
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HTDRAUUC HIGH-LIFT TRUCK 

Employing the same light-weight welded 
tubular and formed plate construction used 
in their 1000-lb. capacity unit, LYON- 
Raymond 2452 Madison St., 

Greene, N. Y., have added a 2000-lb. 
capacity Hydraulic High-Lift Truck to 
their line. 

Its light weight—about one-third less 
than conventionally designed portable ele¬ 
vators—makes the truck very suitable for 
transferring materials as well as for stack¬ 
ing and tiering. 



The standard stock model has a plat¬ 
form 30 in. wide by 36 in. long with an 
elevating range from 6 to 60 in. above the 
floor. Ease of movement is provided by 
Timken equipped 10 in. diameter front 
and 5-in. diameter rear wheels. A foot- 
operated floor lock, making two-point con¬ 
tact with the floor, will hold the truck 
firmly in position when desired. A two- 
speed hydraulic hand pump, as illustrated, 
is standard equipment or a motor-driven 
hydraulic pump may be furnished. 


SPOT WELDING ACCELERATES 
TRYOUTS FOR NEW PRODUCTS 

An illustration of how mass production 
methods such as spot welding with auto¬ 
matic or semiautomatic equipment can 
be employed during the reconversion 
months ahead to get certain t3q>es of pro¬ 
ducts on the market economically and 
with much greater speed than has hereto¬ 
fore been possible is shown by a recent 
venture made by a Midwest cabinet manu¬ 
facturer. With the aid of assembly spot 
welding, the company was able to have a 
trial lot of 6000 all-steel utility tables—■ 
for domestic, commercial and industrial 
uses—in the hands of the retailer within 
about five weeks’ time after the project 
had been authorized, and without major 
investment in production equipment on 
the part of the manufacturer. 

1100 


Portable gun spot welding—carried 
out in the job welding department of 
Progressive Welder Co., Detroit—was 
the fabricatmg method which permitted 
the production of the 5000 steel tables 
quickly and at a low cost per finished 
item. 

The tables assembled by Progressive 
consist of four legs and three shelves each. 
All components are of 16-gage steel stamp¬ 
ings. There are ten pieces, representing, 
however, only two different shapes, 
needed in the construction of each table. 
The simple sections requiring no exi>eo- 
sive pre&s dies are assembled with a total 
of 24 spot welds—two spots on each leg 
at each shelf. This fastening method is 
combined with interlocking of the mem¬ 
bers which thus produces exceptional 
strength and rigidity in the completed 
table. 

A standard C-type portable resistance 
welding gun was used to make the spot 
welds. Only a single clamping type ro¬ 
tary work-holding fixture was necessary 
to complete the assembly of the tables. 

A production speed of 16 tables per 
hour with one operator was easily at¬ 
tained, thus permitting the entire lot of 
5000 units to be placed within the hands 
of the retailer some five weeks after the 
inception erf the project. 

This number of all-steel tables of one 
size is generally considered a high produc¬ 
tion nm and normally involves consider¬ 
able financial investment in dies, jigs and 
fixtures and other equipment with which 
to fabricate the units. Use of spot weld¬ 
ing made possible the production of the 
5000 tables at a minimum over-all cost 
and so permitted large-scale local sampling 
of the market for this particular item in a 
space of time generally held to be insuffi¬ 
cient to make even a cursory market an¬ 
alysis. 



Awambly Spot Welding of a 5000-Unit 
Lot of iUl-Steel Utility Tablet for Market 
Tryout with a Progressive Welder Co. 
Portable Resittance Welding Gun and a 
Simple Clamp Type Work-Hiding Fixture 
Enabled Completion of This High-Produc- 
tioa Run in Five Weeks with a Minimum 
of Investment in Design 

THE WEIiDINO JOURNAL 


UNDE AND CARBIDE TO EXPAND 
SOUTHEASTERN FACHJTIES 

Plans for the construction of oxygen- 
and acetylene-distributing facilities in 
Mobile, Ala. and Miami, Fla., have been 
announced by The Linde Air Products 
Co., a unit of Union Carbide and Carbon 
Corp. Another unit. Carbide and Carbon 
Chemicals Corp., also has announced 
plans for the erection of a "Pyrerfax” gas 
filling station at the Miami, Fla., site. 

The Evans Construction Co. of Mobile, 
Ala., has been awarded the contract for 
constructing an oxygen filling station and 
an acetylene-producing plant in that 
city. The plans also include space for a 
warehouse for “Union” Carbide. Rail¬ 
road service to the plant will be provided 
by a spur track from the Gulf, Mobile 
and Ohio Railroad. The plant is ex¬ 
pected to be in operation about December 

ist. 

At Miami the construction contract 
has been awarded to John B. Orr, Inc. 
Facilities at this point will mclude an 
oxygen-distributing plant, an acetylene- 
producing plant and a warehouse for 
"Union” Carbide. 


BOEDECKER APPOINTED 
WELDING ENGINEER 

Woodrow Boedecker has been promoted 
to the position of Welding Engineer by 
The Bastian-Blessing Co. of Chicago, 
manufacturers of REGO welding and cut¬ 
ting equipment. He has been with the 
company for nine years, the last four of 
which be has served as Assistant Welding 
Engineer. In that capacity he was active 



in the development of the Rego under¬ 
water cutting tcM-ch, new tips for welding 
torches and new lines of scarfing and 
gouging tips, as well as some of the special 
war equipment made by The Bastian- 
Blessing Co. Mr. Boedecker is a member 
of the American Welding Society. 
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GENERAL SALES OFFICES: YORK, PA. 


PITTSBURGH. PA 


WELDING ELECTRODES . . . COMMERCIAL CHAINS . . . TIRE CHAINS 


I OTHER McKAY MILD 
I STEEL ELECTRODES 


' 

MdUv GfMla 

A.W.S. No. 


Na. t1 .. 



Mo. 3 . 

■.- E45S0 


Mo. 15 . 

.. E6010 


Mo. 17. 



Mo. 116. 



Mo. 16 . 

.... E6080 


11 . 


s 

M 0 .I 6 -H . 



Mo. 117 . 


i; 

Mo. If . 



Mo. 10. 


1 * 

Mo. 715 . 

_ E7010 

|t 

Mo. 711 . 

. E7011 


No. 716 . 



Because McKAY No. 14 is the one elec¬ 
trode which meets most welding rod 
requirements for maintenance, repair and 
operating—it has been popularly called 
the MRO Electrode by the man on the job. 

The McKAY No. 14 Electrode is par¬ 
ticularly suitable for factory mainte¬ 
nance. It operates with equal ease on 
either AC or DC machines. Even a rela¬ 
tively inexperienced welder does not 
have difficulty in getting excellent results. 


But whether you require this mild steel 
electrode or any other of the wide range 
of mild steel, alloy steel and stainless 
steel electrodes—specify McKAY by 
name. The complete uniformity and suc¬ 
cessful performance of McKAY Rods 
under all work-uses make McKAY Weld¬ 
ing Electrodes preferred by the "man on 
the job" as welt as by the men who en¬ 
gineer the jobs. 


Specifications: 

McKAV No. 14 Mild St«tl EUctrodt—M»d« to eenloiia le lha Uand«(di 
a Amtrican Wtldina SocUty t El 61 3 lvp« ol •(•ctrad*. Made In iliat 
1'16", 5/64", 3/3r'. . 5/31", 3'16". 7'38". 1-4" and 5/16". 
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Boundaries Approved by Board of Directors 


DISTRICT I 

BOSTON SECTION 

State of Verniont, State of Rhode Is¬ 
land, State of New Hampshire, State of 
Massachusetts from the Atlantic Coast 
Line to the Western Boundary of Worces¬ 
ter County. 

BRIDGEPORT SECTION 

Connecticut Counties of Fairheld, New 
Haven, Middlesex and New London. 

CANAL ZONE 

Not assigned—Section being aban¬ 
doned. 

NEW YORK SECTION 

New York Counties of New York, 
Kings, Queens, Bronx, Richmond, Nas¬ 
sau, Suffolk, Westchester, Putnam, Rock¬ 
land, Orange, and Sullivan and Green¬ 
wich Township in Fairfield County Con¬ 
necticut. 

HARTFORD SECTION 
Connecticut Counties erf Litchfield, 
Hartford, Tolland and Windham. * 

NEW JERSEY SECTION 

All of New Jersey except the counties 
of Warren, Hunterdon, Burlington, Ocean, 
Camden, Atlantic, Gloucester, Salem, 
Cumberland and Cape May. 

PORTLAND SECnON 
The State of Maine. 

NORTHERN NEW YORK SECTION 

The New York Counties of Albany, 
Clinton, Columbia, Delaware, Essex, 
Franklin, Fulton, Greene, Hamilton, Her¬ 
kimer, Montgomery, Otsego, Rensselaer, 
Saratoga, Schenectady, Schoharie, Ulster, 
Washington and Warren. 

ROCHESTER SECTION 

New York Counties of Orleans, Gene¬ 
see, Livingstone, Onandago, Lewis, Sen¬ 
eca, Chenango, Oneida, Jefferson, Tomp¬ 
kins, Madison, Oswego, St. I^awrence. 

WESTERN MASSACHUSETTS 

All that part of the State <rf Massa¬ 
chusetts west of the western boundary of 
Worcester County. 

WESTERN NEW YORK 

New York Counties of Niagara, Erie, 
Chatagua, Cattaraugus, Allegheny, Wyo¬ 
ming and the Niagara Section of the 
Province of Ontario Canada. 

DISTRICT n 

PHILADELPHIA SECTION 

Pennsylvania: Bucks, Montgomery, 
Chester, Delaware, Philadelphia. 
Delaware: New Castle. 

New Jersey: Burlington, Ocean, Cam- 


dem, Atlantic, Gloucester, Salem, Cum¬ 
berland, Cape May. 

LEHIGH VALLEY SECTION 

Pennsylvania: Northampton, Lehigh, 
Carbon, Monroe, Pike, Wayne, Lacka¬ 
wanna, Luzerne, Columbia, Schuylkill, 
Berks, Montour. 

New Jersey: Warren, Hunterdon. 
YORK SECTION 

Pennsylvania: York, Lancaster, Dau¬ 
phin, Adams, Franklin, Cumberland, 
Perry, Juniata, Miffin, Snyder, Union, 
Milton, Northumberland, Lebanon. 
Maryland: Washington. 

MARYLAND SECTION 

Maryland: Frederick, Carroll, Balti¬ 
more, Harford, Cedi, Howard, Anne 
Arundel. 

WASHINGTON SECTION 
Maryland: Montgomery, Prince George, 
Calvert, Charles, St. Mary’s. 

Virginia: Loudon, Fairfax, Prince 

William, Stafford, King George. 

District of Columbia. 

PORTSMOUTH SECTION 

Virginia: Princess Anne, Norfolk, 

Nansemond, Lancaster, Southampton, Isle 
of Wight, Sussex, Surrey, Prince George, 
Charles City, James City, York, War¬ 
wick, Eliza^th City, New Kent, Glou¬ 
cester, Mathews, Middlesex, Essex, King 
and Queen, King William, Westmore¬ 
land, Northumberland, Richmond. 

DISTRICT IV 

DETROIT SECTION 

Michigan Counties of Wayne, Monroe, 
Washtenaw, Essex, Oakland, Macc»nb 
and all that territory within the Province 
of Ontario within 35 tmles radius of De¬ 
troit City Hall. 

FLINT SECTION 

Michigan Counties of Gennesee, Bay 
Saginaw, Shiawassee. 

COLUMBUS SECTION 

Ohio Counties of Harden, Marion, 
Morrow, Knox, Coshocton, Guernsey, 
Licking, Delaware, Union, Champaign, 
Clark, Madison, Franklin, Pickaway, 
Fairfield, Hocking, Morgan, Muskingum, 
Noble, Washington, Athens and Logan. 

PITTSBURGH SECTION 

Pennsylvania Counties of Butler, Arm¬ 
strong, Indiana, Cambria, Somerset, West¬ 
moreland, Allegheny,* Beaver, Washing¬ 
ton, Greene, Fayette, and the West 
Virginia Counties of Hancock, Brook, 
Ohio and Marshall. 

TOLEDO SECTION 
Ohio Counties of Williams, Fulton, 
Lucas, Ottawa, Sandusky, Erie, Huron, 


Seneca, Hancock, Putnam, Henry, De¬ 
fiance, PaiUding, Van Wert, Allen, Wyan¬ 
dot, Crawford and Wood. 

CLEVELAND SECTION 

Ohio Counties of Lorain, Cuyahoga, 
Lake, Ashtabula, Geauga, Medina, Sum¬ 
mit, Portage, Stark, Wayne, Ashland, 
Richmond, Holmes, Tuscarawas. 

SECTION WHOSE REPORTS ARE NOT IN 

Grand Rapids, Erie, Cincinnati. 
Youngstown. 

DISTRICT V 
MILWAUKEE SECTION 
The Ninth Federal Reserve District. 
CHICAGO SECTION 

Illinois Counties of Lake, Cook, Du- 
Page, Kane, Kendall, Will, McHenry, 
Boone, Ogle, Winnebago, Lee, LaSalle, 
Grundy, Keekakie and the Indiana 
Counties of Lake, LaPorte, Porter and St. 
Joseph. 

PEORIA SECTION 

The Illinois Counties ofJAdams, Brown, 
Bureau, Cass, Champaign, Christian, 
Coles, DeWitt, Douglass, Ford, Fulton, 
Hancock, Knox, Livingstone, Logan, 
Macon, Marshall, Mason, McDonagh, 
McLean, Menard, Morgan, Moultrie, 
Peoria, Piatt, Putnam, Schuyler, Scott, 
Sangamon, Shelby, Stark, Tazewell, ^Ver- 
millian, Woodford. 

INDIANA SECTION 

Indiana Counties of Fountain, Parke, 
Vigo, Clay, Sullivan, Greene, Owen, Put¬ 
nam, Montgomery, Tippecanoe, Carroll, 
Clinton, Boone, Hendricks, Morgan, Mon¬ 
roe, Lawrence, Jackson, Brown, Bar¬ 
tholomew, Johnson, Shelby, Marion, Han¬ 
cock, Hamilton, Madison, Lipton, Grant, 
Howard, Case, Miami, Wabash, Dela¬ 
ware, ^ndolph, Henry, Wayne, Rush, 
Fayette, Union, Decatur, Jennings. 

SECTIONS NOT SUBMITTED 
Quad Cities, North Shore, Omaha~and 
Lcmisville. 


27TH ANNUAL MEETING 
AMERICAN W^ING SOCIETY 

At the Board of Directors’ meeting 
held in New York on October 18th, it was 
decided that the American Welding 
Society would not participate in the 
technical sessions of the Metal Congress 
to be held in Cleveland in Pebruary 1946, 
but would devote its entire attention and 
energies to arranging an outstanding peace¬ 
time annual convention in Chicago in 
October 1946 in conjunction with the 
National Metal Coqgress and Exposititm 
to be held at that time. 
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Take it from Dusty- 
The New Vertex is a Honey! 


J. R. Rhoades, our arc weldiog 
super, is strictly the Conservative 
Type. Get him used to a swell elec* 
trode like Metal & Thermit’s Vertex, 
and you have one heck of a time 
selling him on an improved version 
of it. 1 know, because I’m his assist¬ 
ant and 1 undertook the job. 

**You can talk till the cows come 
home, and then talk to the cows,” 
Dusty told me. still will not be¬ 
lieve that the Vertex rod I’ve been 
using for ages can be made still 
better. So now let’s go to lunch.” 

We went to lunch, and 1 kept at 
him. Finally he agreed to try the new 


Vertex rod and compare it with the 
old. Vertex, you know, is an all- 
position, general purpose electrode 
for mild steel work that can’t be 
positioned—piping, structural steel 
work, $hip construction, and so on. 

Right after lunch, Dusty borrowed 
a helmet and gloves, took a handful 
of the old and the new Vertex, and 
made some sample welds. He must 
have been at it half an hour before 
he lifted his helmet and gave me 
this sheepish grin. 

“Tom,” he admitted, “I would 
not have believed it. This new 
Vertex handles even better than the 


old. It has better arc action. It pro¬ 
duces even less spatter when used 
at maximum amperages. In fact, it’s 
a honey. Stock a batch of it right 
away.” '■ 

1 did, and it’s made a hit with 
everyone in the department. If you 
haven’t tried the new Vertex yet, 
you’re missing a good bet. 

• • • 

METAL A THEBMIT 
CaaPOBATiON 

120 BROADWAY/ NEW YORK 5. N. Y. 

ALBANY • CHICAOO . PITTSBUROH 

SO. SAN FRANCISCO • TORONTO 
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SECTION ACTIVITIES 


BOSTON 

The first meeting of the 1945-46 season 
was held at the Engineers’ Club, Boston.on 
Monday, October 8th. Charles H. Jen¬ 
nings, of the Westinghouse Electric Corp., 
spoke on the subject of "Welding Distor¬ 
tion." 

On behalf of the Boston Section, Chair¬ 
man Peter E. Kyle presented a Past- 
chairman’s pin to Frank W. Davis, who 
served as S^tion Chairman from 1943 to 
1945. 

CHICAGO 

The following is a schedule of meetings 
of the Chicago Section. All meetings start 
at 7; 30 P.M. and will be held in the People's 
Gas Auditorium, 122 So. Michigan Ave. 

November 16th—"Resistance Welding 
inModem Industry,” Carl Otto, Doug¬ 
las Aircraft Co., Inc. 

December 21st—"Welding on the Rail¬ 
road," Leland E. Grant, Chicago, 
Milwaukee & St. Paul R. R. 

January 18th—"Arc Welding Prac¬ 
tices," Carl M. Underwood, Northern 
Ordnance, Inc. 

February 15th—"Thermit Welding," 
J. B. Tinnon, Metal & Thermit Corp. 

March 16th—"The Welding of Copper 
and Copper Alloys,” J. J. Vreeland, 
Chase Brass and Copper Co. 

April 19th—"New Aspects of the O^- 
acetylene Processes," three speakers 
and Question Bee. 

May 17th—“Power Supply for Resist¬ 
ance Welding,” L. W. Clark, Detroit 
Edison Co. 

CmCINNAII 

The first of the 1945-46 meetings of the 
Cincinnati Section was held on September 
25th in Middletown, Ohio. Through the 
courtesy of the United Welding Co. ot 
Middletown, an inspection tour was con¬ 
ducted by L. T. Kenney, General Manager 
and Ed Wenzel, Superintendent, at 4:30 
P.M. Sixty members enjoyed this tour and 
received first-hand information on the 
welding of numerous diversified weldments 
which this company produces. 

At 6:30 P.M. 80 members were present 
at the Mancbesto: Hotel for a chicken din¬ 
ner and a short talk by Bennett Chappie of 
the American Rolling Mill Co. of Middle- 
town. Mr. Chappie spoke of the uses of 
welding at their plants. 

After dinner an inspection trip was con¬ 
ducted by Roy Freeze, General Works 
Manager, and Charles Stutenroth, Assist¬ 
ant Works Manager, through the central 
works of the American Rolling Mill Co. 
Of particular interest was the submerged 
arc welding of spiral pipe in various di¬ 
ameters and plate thicknesses. 


CLEVELAND 

David Dietz, Science Editor of the 
Scripps-Howard Newspapers, opened the 
1945-46 session with a ttdk on "The Com¬ 
ing Era of Atomic Energy,” at the first 
meeting of the Cleveland Section on Oc¬ 
tober 10th. 

Mr. Dietz, who is an internationally 
famous editor, has followed research in the 
field of atomic structure. Mr. pietz 
analyzed atomic research and its meaning 
for the future of America and the world. 

COLUMBUS 

The October meeting of the Columbus 
Section was held on the 5th at Battelle 
Memorial Institute. W. J. Conley, Con¬ 
sulting Engineer of The Lincoln Electric 
Co., spoke on the subject "Fundamental 
Metallurgy as Related to Arc Welding." 
Movies on “The Prevention and Control of 
Distortion in Arc Welding” and "The 
Magic Wand <A Industry” were shown. 

DETROIT AND FLINT 

By special invitation the American In¬ 
stitute o( Architects, the American Society 
of Civil Engineers and the Associated Sted 
Fabricators of Detroit were invited to at¬ 
tend the Detroit Section meeting on 
Friday, October 12th, and the Flint Divi¬ 
sion on Thursday, October 11th, at which 
LaMotte Grover, Welding Engineer, Air 
Reduction Sales Co., New York, spoke on 
the subject, "Welded Prefabricate Steel 
Sections." Mr. Grover, with hb wealth of 
experience in steel fatuicatioa, presented a 
story that was more than interesting. It 
was directly educational. 

A sound color film on "Prevention and 
Control of Distortion in Arc Welding” was 
shown through the courtesy of The Lin- 
cdn Electric Co. 

The November meeting will be a joint 
meeting of the Aicbrican Wbldino So- 
ciBTY, Industrial Electrical Engineering 
Society of Detroit and American Institute 
of Electrical Engineers. It will be in the 
nature of a Resbtance Welding Forum and 
will consbt of afternoon and evening 
sessions. 

INDIANA 

The September meeting was held on the 
28th at the Lincoln Hotel, Indianapolb. 
W. M. WoU, of the Commonwealth Edi¬ 
son Co., Chicago, addressed the meeting 
on the subject, "High Frequency, Induc¬ 
tion and Dielectric Heating." 

It was shown that any metal or electrical 
conductor can be heated by subjecting it 
to a high-frequency alternating magnetic 
field. Likewise, an electrical nonconduc¬ 
tor, or dielectric, can be heated by placing 
it in a high-frequency electrostatic field. 


In practice thb heating b accomplished 
rapidly, usually in a few seconds. 

Since frequencies considerably higher 
than 60 cycles are required for these proc¬ 
esses, it b necessary to use a converter to 
supply the desired high-frequency current. 
Four types of converters are available: 
motor-generator sets, spark gap sets, elec¬ 
tron tube sets and the recently introduced 
rectifier sets. A wide range of frequencies 
can be used. 

Several practical applications of induc¬ 
tion heating are in use, an outstanding ad¬ 
vantage being the reduction in heating or 
process time. Gears, crankshafts and 
other parts can be surface hardened to any 
desired depth by thb means, the forma¬ 
tion of scale being reduced by the short¬ 
ened heating cycle. 

Induction heating processes played an 
important part in war production in the 
manufacture of tin plate by an improved 
process that enabled the production of a 
threefold increase from a given amount of 
tin. It was also used in heating billets for 
making shells, and electrobrazing b still 
another application. 

In the dielectric heating process fre¬ 
quencies up to 200,000,000 cycles per sec¬ 
ond are used. The material to be heated b 
placed between two electrodes, which may 
be flat plates or special shapes, depending 
on the application. Here again rapidity of 
heating is an advantage. Thb process will 
make it possible to make larger articles 
from thermosetting plastics. 

The electronic sewing machine utiUzes a 
pair of roll-type, high-frequency electrodes, 
making it possible to join sheets of plastic 
or plastic-impregnated cloth in the manu¬ 
facture of such articles as leakproof rain 
coats. 

It was also pointed out that high- 
frequency heating methods produce heat 
uniformly throughout the material. 

The talk was illustrated with slides as 
well as several samples, which evoked 
an unusual amount of interest. 

MARYLAND 

The first meeting of the season was held 
on September 24th and was preceded by a 
dinner at the Engineers' Club. A. R. Lytle, 
Research Laboratory, Union Carbide and 
Carbon Corp., presented an interesting ad¬ 
dress on "Modem Hard Facing Methods." 
Lively discussion followed. 

A Question and Answer Period was in¬ 
augurated at thb meeting, starting at 7:30 
P.M. Considerable interest was evinced by 
participants and audience. 

NEW JERSEY 

A. R. Lytle, of the Union Carbide and 
Carbon Corp., was the guest speaker at 
the September 18tb meeting of the New 
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PENN TOOL & MACHINE CO. 

DANVILLE, ILLINOIS 


Speed up Your Welding 
and Cut Production Costs! 


The "Berkeley" . . . restricted during wartime to speeding up the vital 
production of critical war material ... is again available for your re* 
quirements. 

Here is what you get with the "Berkeley": 

• Faster production • X-ray quality welds 

• Reduced costs • Minimum of distortion 

• No Finishing required 

Here is what the "Berkeley" will do . . . weld the seam of rounds, squares 
and a variety of shapes ranging from 4' to 21 *’ in diameter ... 18 gauge 
to I 4 ' plate. There is no substitute for the "Berkeley" used in combina¬ 
tion vyrith the automatic submerged electric arc. 

Write us today for information about the "Berkeley" most suitable to 
your requirements. It is available with modifications and special fea¬ 
tures to meet the exact requirements of special applications. 

• In 14-gauge steel. 


1948 


ADVERTISING 
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Jersey Section. Mr. Lytle’s subject was on 
"Oxyacetylene Pressure Welding.” 

NORTHWEST 

D. C. Smith, Metallurg^t, Electrode 
Division, Hamischfeger Corp., Milwau¬ 
kee, spoke on “Electrode Coatings, Their 
Development and Their Effects Upon 
Welding” at the October 3rd meeting held 
at Coffman Memorial Union, University 
of Minnesota. 

NEW YORK 

The New York Section celebrated its 
25th Anniversary at a Dinner Dance held 
at the Hotel Pennsylvania on the evening 
of October 18th. The evening was selected 
to coincide with the one-day Annual Meet¬ 
ing of the American Welding Society. 
Some 600 members, their guests and wives 
attended the dinner, which was a gala 
affair. Preceding the dance there was a 
half-hour talk and demonstration on Split¬ 
ting the Atoms and Atomic Energy” by 
John R. Dunning of Colttmbia Univer¬ 
sity. Dr. Dunning was the first American 
scientist to accomplish successfully the 
fission of the uranium atom. 

NORTHWESTERN PENNA. 

A dinner meeting of the Northwestern 
Penna. Section was held at the Hotel 
Cony, Corry, Pa., on Wednesday, Sep- 
temt^ 12th. 

As a result of balloting held August 10th, 
it was reported the following officers were 
unanimously elected: 

Chairman, C. W. Lytton; Vice-Chair- 
mow, W. H. Cochran; Secretary-Treasurer, 
W. R. Boyd. 

Because of the dewability of having an 
Executive Committee which could func¬ 
tion immediately, it was decided, after 
thorough discussion of the subject, that 
nomination and election be held of one 
member to hold office for two years and two 
members to hold office for one year. These 
gentlemen, together with the elected offi¬ 
cers of the Section, are to constitute the 
Executive Committee, until their succes¬ 
sors are chosen in accordance with the By¬ 
laws: 

H. O. Walker, two-year term; L. H. 
Johnson and S. V. Williams, one year 
term. 

The Chairman announced the appoint¬ 
ment of the following committees: 

Temporary Program Commiitee: W. H. 
Cochran, Chairman. Ed. J. Brown, Hamil¬ 
ton W. S. Trayer, H. O. Walker, S. V. 
Williams. 

Temporary Membership Committee: 
Daniel H. Meyers, Chairman, Harold 
Maeder, E. N. Chester, J. C. Hobbs, T. J. 
McNamara, Carl Jensen, A. E. Drum, 
E. R. Torgler. 

Advertising Committee: Ed J. Brown, 
Chairman, C. V. Boyer. Paul Ristau. 

OKLAHOMA CITY 

Ernest Bernard, Plastics Development 
Engineer, representing Chicago Molded 
Products Coip., Synthane Corp. and Iten 
Fiber Co. of Illinois, wets the guest speaker 
at the October 4th meeting held at the 
Biltmore Hotel. Mr. Bernard’s subject. 


“Development of Plastics and Their Uses 
in Welding,” was a timely and interesting 
outline of the discussion on Plastics. A 
film, "Modem Plastics,” was also shown. 

The Oklahoma City Section announced 
the election of the following officers for the 
1945-46 season: 

Charles M. Bowen, Chairman; Joseph 
M. Mideke, Vice-Chairman; L. L. Stew¬ 
art, Secretary; Denver House, Treasurer. 

Executive Committee for two 3 rears: 
Adolph C. Echer, Jim Craig, Howard 
Sims, Luther Cold, William Klein (one 
year). 

PHILADELPHIA 

A. C. Weigel, President, American 
Welding Society, and Vice-President, 
Combustion Engineering Co. Inc., New 
York, was the guest speaker at the October 
15tb meeting held at the Engineers’ Club. 
Mr. Weigel spoke on the “Present and 
Future of Welding.” 

The second Group Discussion meeting 
was held on Friday, November 2Dd, at the 
Engineers’ Club Junior Room. W. A. 
Reeves of John A. Roebling Sons Co., 
Trenton, N. J., was the director of the 
meeting. “Pro’s and Con’s of Welding in 
Bridge Construction” was the subject. 

PITTSBURGH 

The October meeting held on the 17th 
was addressed by Scott D. Baumer, Assist¬ 
ant Manager, Applied Engineering De¬ 
partment, Air Reduction Sales Co., New 
York, who spoke on "Various Welding and 
Cutting Probelms in Heavy Industry.” 

The 25th Anniversary Meeting will be 
held on November 21st at the Imperial 
Room, Webster Hall Hotel, Oakland. The 
principal speaker will be A. Allen Bates, 
Manager, Chemical and Metallurgical De¬ 
partment, Westinghouse Electric Corp., 
whose subject will be “Observations of 
Postwar Germany.” 

Program of coming meetings is as fol¬ 
lows: 

January 16tb—“Brazmg,” Arthur K. 
PhilUpi, Manufacturing Engineer. 
Westinghouse Electric Corp. 

February 20th—“Design for Welding,” 
Fred L. Goldsby, Development Engi¬ 
neer, Chicago Bridge and Iron Co. 

March 20th—“Welding as a Mainte¬ 
nance Tool,” J. B. Whitlock, General 
Maintenance Engineer, The American 
Rolling Mill Co. 

April 26th—Ninth Annual Tri-State 
Convention. Special program of 
speakers and activities will be an¬ 
nounced later. 

All of the above meetings with the ex¬ 
ception of the Anniversary Meeting, will 
be held in the Auditorium, Mellon Insti¬ 
tute of Industrial Research. Oakland. 

The officers for 1945-46 are as follows: 

Chairman, G. O. Hoglund, Aluminum 
Co. of America; Vice-Chairman, Harry P. 
Schane. Allis Chalmers Mfg. Co.; Secre¬ 
tary. J. F. Minnotte, Mmnotte Brothers Co. 

PORTLAND 

The fourth meeting of the Portland Sec¬ 
tion was held in the Congress Hotel on 


Tuesday, September 25th. A dinner was 
enjoyed by ^ members and guests. 

Arthur R. Hard, Research Engineer of 
the Industrial Research Division, Wash¬ 
ington State College, Pullman, Washing¬ 
ton, explained the reasons for the equ^- 
ment at the college, stating that it was for 
experimental purposes and tests would be 
made for any manufacturing company, 
figuring expense costs of production, etc. 

The speaker of the evening, J. H. Cooper, 
Chief ^les Engineer for the Taylor- 
Winfield Corp., Warren, Ohio, talked on 
“Possibilities in-the Field of Resistance 
Welding.” 

Mr. Cooper covered the resistance 
welding field through spot, flash, butt and 
seam welding with many variations. He 
pointed out the many uses made of spot 
welding during the war and the many ap¬ 
plications now open for the manufacturers 
in peacetime. 

Slides of specific machines and applica¬ 
tions were shown following the talk. 

The questions and answers discussion 
covered many interesting problems. 

ROCHESTER 

Officers for 1945-46 season are: Chair¬ 
man, Walter Dick, Odenbach Shipbuilding 
Corp.; Vice-Chairman, Joseph O’Rorke, 
Eastman Kodak Co.; Secretary, Edward 
R. Jones, Seneca Steel Service, Inc.; 
Treasurer, Harold J. Kinz, The Anstice 
Co. Inc. 

SAN FRANCISCO 

Lt. R. S. Hale, U.S.N.R.. Project Man¬ 
ager of Construction Contracts at U. S. 
Naval Drydocks, Hunters Point, Calif., 
spoke on “Welded Steel Construction of 
Buildings and Other Steel Structures” at 
the September 24th meeting held at the 
Engineers’ Club. 

After the main portion fA the meeting, a 
sound motion picture, provided by the War 
Department and entitled “Two Miracles.” 
was shown. 

SYRACUSE 

The ninteenth regular meeting of the 
Syracuse Section was held September 12th 
in Room 19 of the College of Applied 
Science Building, Syracuse University. 

W. J. Conley of the Lincoln Electric 
Co. was introduced by the Technical 
Chairman, Robert Greer, and gave a very 
interesting discussion on “Stresses and 
Strains.” This was accompanied by a 
Lincoln Electric Co. motion picture, "The 
Prevention and Control of DistortiMi in 
Arc Welding.” Mr. Conley answered a 
number of questions posed by the audience. 

Mr. Greer headed a discussion as to 
whether it should be the policy of the 
Syracuse Section to bring before its mem- 
b^ at regular meetings new products 
which have been placed on the market. 
There was some question as to whether 
this would be considered free advertising. 
It was the opinion of those present that the 
Section should take every opportunity to 
place this information before its members. 
The question was brought up because of 
the fact that the Bentley Weldery had on 
exhibit in the hall their newest idea in posi¬ 
tioning equipment. 
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PRESENTING 
OUR COMPLETE LINE OF 
WELDING ELECTRODES 


/ 



Mild Steel Electrodes 


BIUI DCVIl .... All Position, RoverM Polarity . 

BLUIDAC .All Position, A. C. Current , , 

GRAY DEVIL .... Gonerol Purpose, Poor Fit-up 
Straight Polarity. 


GRAY DEVIL N«. 2 General Purpose, Smooth Bead 
Straight Polority 
Also A. C. Current. 


BLACK DEVIL . . . Deep Grooves ond Horizontoi Fillets 
Straight Polarity. 


A.W.S. 6010 
A.W.S. 6011 


A.W.$. 6012 


A.W.S. 6013 


A.W.$. 6020 


RED DEVIL .Deep Grooves, Reverse Polarity.A.W. S. 6030 

BLACK DEVIL F. B. Finishing Beods for Smooth Cover Beads A.W. S. 6030 


High Carbon, Alloy and Mild Steel Bore and Lightly Mild Steel 
Manganese-Nickle Electrodes Coated Electrodes and High Carbon 

for Roil Welding Acetylene Rods 


Welding Accessories 

CHIPPING GOGGLES 

WELDING MACHINES: A.C. TRANSFORMER TYPES 
WELDING GOGGLES • WELDING CLEANING TOOLS 
WELDING CLAMPS • SAFETY CLOTHING • WELDING GLOVES 
CARBON PASTE & FLUXES • WELDING CABLE CONNECTORS 
WELDING CARBONS • CARBON PLATES • WELDING CABLE 
WELD SPAHER ELIMINATOR • ELECTRODE HOLDERS 


High Tensile Electrodes 

BLUE DEVIL 85 . . All Position, Reverse Polarity. 

RED DEVIL 75 . . . Deep Grooves and Horizontal Fillets. 


. . A.W.S. 7010 

. . A.W.S. 7020 
A.W.S. 7030 


Special Electrodes and Acetylene Rods 


Stainless Steel Electrodes 
All types 

Tool ond Die Electrodes 


Electrodes & Acetylene Rods 
for Cost Iron Welding 

Hard Surfacing Electrodes 
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Aluminum^lectrodes 
and Acetylene Rods 


Bronze and Copper 
Alloy Electrodes 
and Acetylene Rods 


rhe CHAMPION RIVET CO 

CLEVELAND, OHIO, East Chicago, Ind. 
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There were 26 members and 8 guests 
present. Meeting was adjourned by the 
Chairman at 10:15 P.M. 

TOLEDO 

Newly elected officers of the Toledo Sec¬ 
tion are as follows; 

Chairman, Edwin Nafzger; 1st Vice- 
Chairman, John C. Geisland; 2nd Vice- 
Chairman, Sam W. Snell; Secretary- 
Treasurer, A, H. Homrighaus, Jr. 

Members-at-Large, Anthony Menna, L. 
W. Masters, Harold A. Smith; Chairman. 
Membership Committee, Anthony Menna; 
Chairman, Program Committee. John C. 
Geisland; Chairman, Problem Committee, 
Sam W. Snell; Delegates to Toledo Techni¬ 
cal Council, C. M. Richardson, Edwin 
Nafzger. 

WESTERN MASS. 

A joint meeting with the American So¬ 
ciety for Metals, Springfield Chapter, was 
held on September 17th at the Hotel 
Sheraton, Springfield, Mass. Carl G. 
Johnson, Worcester Polytechnic Institute, 
gave a very interesting talk on the funda¬ 
mentals of welding and welding metal¬ 
lurgy. In addition to Prof. Johnson’s talk, 
there was a showing of the moving picture, 
" Magic Wand of Industry.” in technicolor. 


through the courtesy of The Lincoln Elec¬ 
tric Co. 

Program of coming meetings is as fol¬ 
lows: 

November 19th—"Hard Facing,” 
speaker to be contacted. 

December 17th—‘‘Furnace Brazing,” 
Mr. Webber, General Electric Co. 

January 2Ist—"Casting Repair,” Vin¬ 
cent Malcolm, Chapman Valve Co. 

Febniary—“Welding Design,” C. H. 
Jennings. Westinghouse Electric Corp. 

March—“Resistance Welding,”- J. H. 
Cooper, Taylor-Winfield Corp. 

April—“Heliarc Welding.” 

May—"Atomic Arc Welding,” 

WESTERN MICHIGAN 

The first meeting of the season was held 
on Monday, September 24th, at the 
Southern Barbeque in Grand Rapids. A 
real chicken dinner served “country style” 
preceded the meeting. W. C. McLott of 
the Resist© Loy Co. gave a very excellent 
talk on “Hard Pacing.” His subject was 
well covered with technical information 
and practical illustrations. 

It is the intention of the Program Com¬ 
mittee to schedule programs on resbtance 
welding and gas welding and brazing of 
cast iron at some early dates. 


TORK-CKNTRAL PENNSYLVANIA 

E. B. Van Sant, General Manager, Riley 
Stoker Co., Badenhousen Division, was 
the guest speaker at the October 3rd meet¬ 
ing. His subject was “Welding of High 
Pressure Boilers.” 

Program of coming meetings is as fol¬ 
lows: 

December 6th—“Eutectic and Low 
Temperature Welding,” R. D. Was- 
serman. President, Eutectic Welding 
Alloys Co., New York City. 

January 2nd—"Welders Forum,” Tech¬ 
nical committee—York A.W.S. Gen¬ 
eral discussion of welders’ everyday 
problems. 

February 6th—“Forming and Bending 
Metals,” R. M. Dennis, Assistant to 
President, By-Products Steel Corp., 
Coatesville, Pa. 

March 6th—“Resistance Welding,” G. 
N. Sieger, President, S.M.S. Corpma- 
tion, Detroit, Mich. 

April 3rd—“An Evening of Entertain¬ 
ment.” Annual Dinner—Ladies’ 
Night. May 1st—Coatesville Meet¬ 
ing. Guests of -Lukens Steel Co. 
Members only. 

Meetings are held in Engineering Bldg., 
26 S. Beaver St., York. Pa. 


New Members 

September 1 to September 30, 1945 


BOSTON 

Harvey, Francis S, (B), Albert J. Daniels, 
Engineers & Builders, 661 Main St., 
Shrewsbury, Mass. 

CHATTANOOGA 

O’Neal, James Wm., Sr. (C), 2408 Vance 
Ave., Chattanooga 4, ‘Tenn. 

CHICAGO 

Allen, John W. (B), 11121 Longwood Dr., 
Chicago, Ill. 

Arnold, Perry Charles (B), Chicago Bridge 
& Iron Co., 1305 W. 105th St., Chicago, 
lU. 

Christofferaon, Le Grand (B), 9516 So. 
Seeley Ave., Chicago, Ill. 

Hillyer, Glenn (C), Chicago Rivet & Ma¬ 
chine Co., 25th Ave., Bellwood, Ill. 

Moyer, Fred (B), Chicago Bridge & Iron 
Co., 1305 W. 105th St., Chicago, lU. 

Steezynaki, Myron E. (B). The Bastian 
Blessing Co., 4201 Peterson Ave., 
Chicago 30, lU. 


CINCINNATI 

Setzler, Paul H. (B). 403 So. D St.. Ham¬ 
ilton, Ohio. 


DETROIT 

McCarroU, R. H. (A). Ford Motor Co., 
3000 Schaefer Rd., Dearborn, Mich. 
Richter, Carl R (C), 7744 Phelps Ave., 
Detroit 13, Mich. 


LOS ANGELES 

Dow, Ed. (C), 217 Ave. G., Redondo 
Beach, Cs^. 

Frost, Donald E. (C), Lockheed Aircraft 
Corp., Burbank, Calif. 

Hughes, Paul B. (C), Soto Welding & Mfg. 
Co., 1708 So. Soto, Los Angeles, Calif. 

Mills, ‘Thomas (C), 209 W. First St.. 
San Pedro, Calif. 

Stephan, Dean E. (B), Chicago Bridge & 
Iron C^.. 608 South Hill St., Los Angeles 
14, Calif. 

MARYLAND 

Blenckstone, F. E. (B), Ma^land Oxygen 
Co., Div. of National Cylinder Gas Co., 
1700 S. Newkirk St., B^timore, Md. 

Gilbert, Jr., John H. (C), 30 Compass Rd., 
Baltimore 20, Md. 

Greh, Charles W. (C), Northwind Rd., 
R. F. D. 6, Towson 4, Md. 

Grove, Charles E. (C), 664 Broadway, 
Hanover, Pa. 


Thompsmi, Henry J. (C), 287 E. Hillside 
Terrace, Brooklsm Heights 25, Md. 

MILWAUKEE 

Bybee, J. K. (C), Ampco Metal, Inc., 
1745 38th St., Milwaukee. Wis. 
Sorensen, E. J. (C), Ampco Metal, Inc.. 
1745 So. 38th St., Milwaukee, Wis. 


NEW JERSEY 

Coffin, John E. (B), 12 Oakland Terrace. 
Maplewood, N. J. 

Dyer, John D. (C), 33 Leland Ave., Plain- 
field, N. J. 

Garrabrandt, Charles E. (C), Essex Weld¬ 
ing Equip. Co., 40 Van Buren St., 
Newark 6, N. J. 

Helgeman, Arthur (C), 146 18th Ave., R 
Patterson, N. J. 

Rowles, Robert (C). 232—40th St., Ir¬ 
vington, N. J. 

NEW YORK 

Di Nardo, Anthony (B), 33 Burke Ave.. 
Hempstead, N. J. 

Dunn, Joseph C. (C), 475 Bronx River 
Rd., Yonkers 4, N. Y. 

Macn^ Le Roy C. (B), 200 N. Border 
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AO R-1000 Means —7 Respirators in 1 


The AO R'lOOO Respirator is equipped with seven in* 
tercbangeable cartridges, providing protection against 
more than 140 types of dust, va^rs and gases. 

Adaptability of design, pliability ot rubber, and 
smoothly rounded face>contacting edges make it pos¬ 
sible to fit the AO R-1000 to any face safely, com^rt- 
ably and without adjustment. 

Exhalation valve assures complete expulsion of ex¬ 
haled air, even when worker’s head is down; can't stay 


open or fill with moisture; dust cannot infiltrate. 

Inhalation valve provides positive protection under all 
conditions; holds re-breathing to minimum; keeps ef¬ 
ficiency at high level; admits air at the lightest intake 
of breach. 

Your nearest AO Represenutive will be glad to 
demonstrate. 


Send for your AO Respirator Guide—showing proper 
protection against more than 140 respiratory hazards. 

American ^ Optical 
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Dt., Country Club Village, Spring Hill. 


NORTHWEST 

Moms A., Jr. (C). 800 University 
Ave. S. E., Mmneaptrfis 14, Minn. 
Woiter, Lester C. (B), Wyoming, Minn. 

NORTHWESTERN PENNA. 

Brong, Alfred (C), 1232 W. 11th St.. 
Ene, Pa. 

De Frees, Joseph H. (C). 316 Pine St.. 
Warren, Pa. 

Hammoad, Richard (C), 460 E. Main St.. 
Bradford, Pa. 

Knibbs, Fred H. (C), 408 N. Washington 
St.. TitusviUe, Pa. 

U^enburger, Leuis P. (C). 12 N. Ken¬ 
dall Ave., Bradford. Pa. 

Mwsh, Louis H. (C), 109 Hess Ave., 
Ene. Pa. 

M^tilifle, Robert L. (C). 41 N. Main St.. 
Greenville, Pa. 

Ortberg, Irwin C. (C), 518 Smithson Ave., 
Lawrence Park, Erie, Pa. 

Patterson, Archie A. (C), 1213 E. 20th St., 
Erie, Pa. 

Peck, John L. (C), R. D. 1, Harborcreek, 
Pa. 


PEORIA 

Czyzewski, Harry (C), 315 Barker Ave., 
Peoria 5, Ill. 

Guthrie, Bradford (C), 1325 So. Jefferson, 
Peoria, Ill. 

McSimor, Daniel (C), Keystone Steel & 
Wire Co., 126 W. Moreland Ave., 
Peoria, Ill. 

Myers, Lester R. (C), 805 Kettelle, Peoria. 

Oldendorph, Walter L. (C). 719 Winim 
St., Peoria, Ill. 

Schaer, Fred Charies (C). 1532 Lincoln 
Ave., Peoria, Ill. 

Stine, Donald L. (C). 1411 N. Monroe, 
Peoria, III. 


PHILADELPHU 

Black, Leonard R, (C), Box 3, Cranston 
Hgts., Wilmington 1^, Del. 

Dusett, Ralph S. (C), 546 Broad St., 
Station Bldg.. Philadelphia, Pa. 

Ficchi, R- F. (C), 16 Central Ave., Ham- 
monton, N. J. 

Gibbs, H. R. (C), Lloyds Register & Ship¬ 
ping, 1600 Arch St., Philadelphia, Pa. 

Maillart, Edmond B. (B), P. O. Box 542, 
Media, Pa. 

T^er, Maurice B. (C), 546 Suburban 
Station Bldg., Philadelphia, Pa. 

PORTLAND, ME. 

Brown, Odber C. (C), 10 Park PI., Port- 
' land 3, Me. 

Sorenson, Roland L. (C), R. P. D. 6. 
Portland, Me. 


PORTLAND, ORE. 

Coz, Elton Lee (B). % American Bureau 
of Shipping, 722 Board of Trade Bldg., 
Portland 4, Ore. 

PUGET SOUND 

Sherman, Charles S. (C), 1728 Winfield 
Ave., Bremerton, Wash. 

ROCHESTER 

Kobus, Edward (C), 47 Fuller Ave., 
Webster, N. Y. 

McCaffeiy, Edward (C), 130 Park Ave., 
Brockport, N. Y. 

Richens, Merrill E. (C), 54 Steko Ave., 
Rochester 13 N. Y. 

Tuecio, Manuel J. (C), 131 Central Park. 
Rochester 5, N. Y. 


ST. Loms 

Schroeder, Wm. (C), Socony Vacuum Oil 
Co., South 20th St., East St. Louis, Ill. 


SAN FRANCISCO 

DMgendotfer, N. V. L. (B), National 
blinder Gas Co., 326 Howard St., 
S^ Francisco 5, Calif. 

Robley, Asa A. (B), Palo Alto, Calif. 

Sando, Peter J. (B), 841—47th St., Oak¬ 
land, Calif. 

Williamstm, John X. (B), 3818 Clarke 
St., Oakland 9. Calif. 


SOUTH TEXAS 

HarreU, W. L. (C). 3311 Ozark, Houston 
4, Texas. 


WESTERN MASS. 

Deliso, Benjamin (C), 46 Forest Park 
Ave., Springfield, Mass. 


WICHITA 

Beeman, H. W. (C), 1360 Perry St., 
Wichita 3, Kan. 

Hughes, Delbert E. (C), 644 No. Crest¬ 
way, Wichita 6, Kan. 

Nelson, Herschel E. (C), P. O. Box 2108, 
No. Wichita Sta., Wichita, Kan. 
Sutton, O. A. (A), The O. A. Sutton 
Corp., 403 Beacon Bldg., Wichita, Kan. 


NOT IN SECTIONS 

Dowding, Frederic C, (C), 96, Mudford 
Rd., Yeovil, Somerset, England. 

Kemp, W. N. (B), Wingfield—35th St. 
John’s Rd., Cosham, Portsmouth, 
Hants, England. 

Re^e, Maurice (C), Sciaky Sa, 13 Rue 
Charles Fourier, Paris 13, France. 
Robimon, W. H. (B), 534 Irwin Keeler 
Bldg., Dallas 1, Texas. 

Wilson, Harvey (C), 408—6th St. S. W.. 
Canton, Ohio. 


Members Reclassified 


During MontK of September 


CLEVELAND 

Crittenden, Percy (from C to B), Stop 
47 Broadway, Lorain, Ohio. 

Dou^s, W. R. (from C to B), The Ameri¬ 
can Shipbldg. Co., Foot of West 54th 
St., Cleveland, Ohio. 

Midnight, S. A. (from C to B), American 
Shipbldg. Co., 1410 Terminal Tower, 
Cleveland, Ohio. 

Stelnman, J. E. (from C to B), American 
Shipbldg. Co., 1410 Termini Tower, 
Cleveland. Ohio. 


HARTFORD 

Newton, Payson T. (from D to C), 120 
Winthrop St., New Britain, Conn. 


LOS ANGELES 

Gray, Albert (from D to C), 648 E. 77th 
St., Los Angeles, Calif. 
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MILWAUKEE 

Owings, S. B. (from C to B), A. O. Smith 
Corp., Weld Rod Sales Dept., Mil¬ 
waukee, Wis. 


NORTHWEST 

Jansen, Walter R. (from C to B), 1655 
Juliet Ave., St. Paul 5, Minn. 


NEW JERSEY 

Buczkoski, Bernard (from C to B), 1064 
Chester St., Hillside, N. J. 

Guiming, John E. (from C to B), 75 Wood¬ 
bine Ave., Newark, N. J. 

Kreisel, Otto (from C to B), 59 Elmwood 
Terrace, Irvington, N. J. 

Miller, R. C. (from C to B), 122 Clinton 
Ave., Newark, N. J. 

Swankhous, F. B. (from C to B), 48 Ivy 
St., Newark, N. J. 

NORTHERN NEW YORK 

# 

Boswell, Edmund N. (from C to B), 1087 
Regent St., Schenectady, N. Y. 


PEORIA 

Maddox, Emett S. (from D to C), 601 W. 
Reservoir Blvd., Peoria 4, III. 


PHILADELPHIA 

Behmke, Wm. (from D to C), 1018 Wash¬ 
ington Ave., Woodbury, N. J. 


PORTLAND, ORE. 

Smith, WObur C. (from C to B), 1843 N. E. 
Bell Dr., Portland, Ore. 
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Mass-Production WELD-TIMER 


The Complete NEMA class 3B Sequence Panel 


Our BIGGEST S«ll«r in Pr«*War, Now 
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War Re-tooling. 


When our Pre-War cuttomert start right in, 
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Production 


WHAT’S THE ANSWER? 


IT’S GOOD- 

IT K TUC BF?T 

IT HAS BEEN EXPERIENCED TESTED- 

It is Industry’s FIRST CHOICE lor Speedy Civilian Output. 


And HERE is the Best News— 

NATIONAL Plants have Re-converted with Increased Facilities. 
Deliveries ol Welding Controls are being made Promptly, in spite 
of Heavy Demand. 


NATIONAL Controls are built to TAKE THE LOAD. 1945 
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TIDEWATER 

Friedmann, Jr., Martin (from C to B), 
318 Warren St., Talbot Pk., Norfolk, V'a. 

WASHINGTON, D. C. 

Darcej, James F. (from C to B), 4421 


Warren St., N. W., Washington, D. C. 

YORK>CENTRAL PENNA. 

Knote, Harry E. (from D to C). Milroy, 
Pa. 


NOT IN SECTION 

Kelly, Lawrence L. (hxmi D to C), 4 
Bright St., Oakwood Subdivision, Sa¬ 
vannah, Ga. 


Annual Report on Activities of the 
American Welding Society 

Year Ended September 30, 1945 


PRESIDENT'S ADDRESS TO THE MEM- 
BERS OF THE AMERICAN WELDING 
SOCIETY 

Annual Meeting—194S 
Bv A. C. Wbigel 

I T is unfortunate that the members of 
our Society, having taken such a 
prominent part in the war activities, 
are not able, after the cessation of hostili¬ 
ties, to hold a large convention. Need¬ 
less to say, in order to facilitate getting 
our boys home, who have done such a 
wonderful job in the field, we have had to 
forego a large convention and exhibit this 
year. 

The young men in the military organiza¬ 
tions of this country have performed an 
unprecedented feat in overcoming the 
forces of militarism. All honor is due 
them, but I also feel that the members of 
the American Welding SoaBTV, and 
the results of its work, have played an 
important part in the victory over Hitler 
and Hirohito. 

The development of welding and the 
research carried on in welding have made 
possible, in the required time, the produc¬ 
tion of airplanes for transportation, 
bombing and the protection of our troops, 
of ships in an unthougbt-of number for the 
transportation of fuel, food, supplies and 
men, armaments of all sizes, small to 
large, tanks, mobile equipment, landing 
ships, floating drydocks and, above all, 
battleships and aircraft carriers. 

Welding, as we know it today, was first 
recognized during the last war, and start¬ 
ing from nothing, limited results were ac¬ 
complished. The realization on the part 
of a small group that welding had a great 
future, prompted them to organize .the 
American Welding Society 26 years ago. 
They fostered experimental work, educa¬ 
tion and the promotion of welding to the 
extent that we were ready to accomplish 
real results when this great crisis arose. 
They were ready to put their shoulders to 
the wheel and go many steps further after 
the beginning of the crisis. These same 
pioneers, most of whom are with us today, 
have every right to feel as proud as the 
most prominent members of our armed 
forces. 

The Society has had a successful year. 
We have had a large increase in member¬ 
ship, a great deal of activity among our 


members. Sections, and technical and 
other committees. However, it has been 
unfortunate that due to travel restric¬ 
tions it has been impossible for the officers 
to visit as many Sections as was antici¬ 
pated. 

It is my opinion that the Society has 
before it the biggest job in its history. 
Under the exigencies of war, almost any 
class of work has been accepted, much of it 
without regard to cost. We are now 
entering the peacetime period, which will 
require more careful and exact work. 
Much of the class of work which has been 
allowed in the last few years must of neces¬ 
sity be improved upon. The members of 
our Society are going to have to carry on 
much more research work to develop 
methods of production and procedure to 
improve our product. The excuses of 
emergency cannot be tolerated any longer. 
This period of emergency, however, has 
proved to us that there is much desired 
information to be sought for and a lot of 
research work required. We need more 
study as to the proper materials for suc¬ 
cessful and correct fabrication, we need 
more information in the handling and 
preparing of our material for welding, 
more information as to methods fw 
proving that the resulting product will 
fill the required purposes with reasonably 
sure safety and with a minimum use of 
material and manhours. 

The Officers and Staff of The Society 
have served faithfully and efiSciently, and 
have been instrumental in placing the 
American Welding SoasTY on a sound 
basis, so that it will continue to be one of 
our leading engineering and technical 
societies. 

To the new officers I give my best 
wishes, particularly to the new President, 
who has done so much in the last few 
years in guiding research w(M‘k. 

SUMMARY OF ACnVITIES OF THE 
AMERICAN WELDING SOCIETT 

For Year Ending September 30, 194S 
By M. M. Kelly, Secretary 

The fiscal year just finished has been 
one of considerable advancement in the 
activities of our Society, as can be seen 
from reports that follow. The Soobty 


is DOW 26 years old. It has over 8000 
members, is sound financially, and it has 
established itself as an organization serving 
a useful purpose in industry. Like other 
technical societies, it has concerned itself 
with promoting the science and art of 
welding through meetings of the National 
Society and Sections,, through its publica¬ 
tions— The Welding Journal, Welding 
Handbook and other educational books; 
through its standardization and educa¬ 
tional work; and its cooperative research 
on important problems which arise in the 
application of welding. Having done its 
part in the war effort for which it has 
received due recognition, the Society’s 
activities are now turned on aiding indus¬ 
try in reconversion and general peacetime 
activities. 

* During the year five meetings of the 
Board of Directors have been held, one in 
Cleveland and four in New York. In ad¬ 
dition, the Executive Committee held one 
meeting in New York. These meetings 
dealt primarily with the establishment of 
policies and improvements in the So- 
cibty'b operations toward the end of in¬ 
creasing its usefulness to its members and 
industry. 

This past year the By-Laws Committee 
completed a comprehensive revision of the 
By-Laws and Rulings of the Board of 
Directors, which had been started during 
the previous administration when it 
became apparent that the growth of the 
Society and the great expansion of its 
activities in the intervening years since 
its organization, called for such change. 
'The revised edition, after review by the ' 
Sections, was approved by the Board of 
Directors at its meeting on December ; 
15, 1944. It was submitted to the voting 
membership of the Society and stands 
approved as of August 1, 1946. At its' 
meeting on June 28, 1945, the Board 
approved two additional amendments pro¬ 
viding for the appointment of an Hoaoraryi 
Membership and Honorary Directorsh^.. 
Committee and additional members obJ 
the Awards Committee for specific par*1 
poses. These will, in due course, be suM 
mitted to the voting membership. 1 

The By-Laws Committee’s reccHumes^ 
dation for the deletion of Article VHIfl 
"Expulsion of Members,” as part of tta 
Constitution and the incorporation of tUa 
Article in the By-Laws, was approved bn 
the Board of Directors, and in accordancdl 
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with Article VI, "Amendments,” of the 
Constitution, the membership of the 
Society will be ashed to vote on this 
amendment of the Constitution at the 
Business Session of this Annual Meeting. 

In connection with its study of the 
Constitution and By-Laws, the By-Laws 
Committee reviewed Rulings of the Board 
of Directors. As a result of the Commit¬ 
tee’s recommendations, some Rulings 
have been made part of the By-Laws, 
others have been abolished, and some 
have been added. Revised Rulings were 
pub^shed in the 1945 Year Book. Since 
publication, the Board has ruled that 
Executive Committee members be invited 
to meetings of the Board of Directors. 

The By-Laws Committee recommended 
needed changes in the draft of by-laws 
suggested for Sections of the Abcbrican 
Welding Society so as to make it con- 
fom with the revised edition of the By- 
Laws recently adopted. The Committee 
also reviewed and approved by-laws- sub¬ 
mitted by the newly established Tide¬ 
water, Michiana and Bridgeport Sections. 

During the year, the Public Relations 
Committee has been called upon to make 
recommendations to the Board Direct¬ 
ors with respect to a number of items as 
follows: 

1. A general policy to be followed by 

the Society where speciScations, 
regulations or directives issued 
by other societies or agencies and 
such are considered to be ill- 
advised, incMTect or otherwise 
detrimental to the best interest 
of the welding industry. 

2. American Welding SoaETY co¬ 

operation with the National 
Safety Council Committee on 
Planning for Safety in Industry. 

3. A request that the American 

Welding Society support an ef- 
fort to induce Navy Yards and 
other Navy departments to recog¬ 
nize welding as a definite trade 
in and by itself. 

4. U. S. Maritime Commission direc¬ 

tive requiring the preheating of 
joints to be welded in cold 
weather. 

6. Interstate Commerce Commission 
Specifications that do not pro¬ 
vide for the fusion welding of 
longitudinal seams on compressed 
gas cylinders. 

With the exception of the one relating to 
the I.C.C. Specifications, the Committee's 
recommendations were adopted. Through 
the adoption of these recommendations, a 
general policy was established in regard to 
restrictive or ill-considered specifications 
promulgated by other societies which, in 
effect, instructs that questions relating to 
such specifications or regulations be re¬ 
ferred to the proper A.W.S. committee for 
investigation and report back to the Board 
of Directors for action; cooperation was 
offered to the National Safety Council 
Committee on Planning for Safety in In¬ 
dustry; and the United Federal Workers 
of America's request for support in induc¬ 
ing Navy yards and other Navy depart¬ 
ments to recognize welding as a definite 
trade in and by itself, was treated in ac¬ 
cordance with A.W.S. established policy, 
namely, not to render information on 


questions relating to labor or labor organi¬ 
zations nor to enter into any controversy 
that affects these questions. 

The Board of Directors decided that 
questions arising in connection with ICC 
Specifications be handled in accordance 
with A.W.S. general policy established in 
respect to restrictive or ill-advised specifi¬ 
cations or regulations. 

In addition the Public Relations Com¬ 
mittee, through a subcommittee con¬ 
sisting of members of the Public Relations 
Committee and members of interested 
technical committees, is working on a 
project designed to bring the require¬ 
ments of the New York City Building 
Code in accord with up-to-date standards 
of the American Welding Soobty. 

Finances 

Since this report is being written in ad¬ 
vance, it cannot reflect the experience of 
the full fiscal year. As in previous years 
there will be a final report after the closing 
of the fiscal year, which will be published 
in the Society's Year Book. 

A continuing substantial growth in 
membership and increasing income frmn 
The Welding Journal advertising, and 
sales of printed matter of various sorts, 
with due allowance for a consequent but 
considerably less than proportionate in¬ 
crease in expenses, has brought the Soci¬ 
ety’s financial position to a new high level. 

For the first 11 months of the fiscal year 
there has been a betterment over the 
budgeted expectation of $31,324.52 and a 
net excess of income over expenses of 
$38,898.24, after deduction for the manda¬ 
tory 1% of gross income that is trans¬ 
ferred each year to the Permanent Reserve 
Funds of the Society. 

In view of the current cash position on 
May 31st, $10,000 was transferred, by 
direction of the Board of Directors, to the 
Permanent Reserve Funds, in addition 
to the mandatory transfer mentioned in 
the preceding paragraph. 

The Finance Committee held two 
meetings during the year. These were 
devoted to discussion and approval of the 
financial report of the Society for the 
fiscal year ending September 30, 1944, 
preparation of the budget for the fiscal 
year ending September 30, 1945, discus¬ 
sion of the Annual Meeting Budget, con¬ 
sideration of the proposed addition to the 
staff of an Editor for the Welding Hand¬ 
book, and general study of the financial 
operations of the Society. 

The Annual Meeting Budget, as pre¬ 
sented by the Convention Committee, was 
reduced greatly from previous years be¬ 
cause of the greatly abbreviated nature of 
the meeting that is to be held in accord¬ 
ance with U. S. Government regulations. 

The Special Committee appointed to 
build up the Permanent Reserve Funds, 
because of other demands upon the time of 
its members, found little opportunity to 
develop its program during the first half 
of the fiscal year. The results of its ac¬ 
tivities, therefore, will not be apparent 
until the close of the year, and will be 
given in a final report. 

During the year the Permanent Funds 
Committee invested $17,500 in U. S. 
Treasury 2J^% Bonds, of which $10,000 
came from the Permanent Reserve Fund 
and $7500 from the Special Reserve Fund. 


The total invested resources of the Com¬ 
mittee as of August 31, 1945, amount to 
$74,707.11. In addition, there is a cash 
deposit in the Reserve Fund Special Ac¬ 
count of $5740.85. 


Membership and Sections 

Membership Activities .—To fulfiU the 
need for disseminating welding informa¬ 
tion and providing opportunity for inter¬ 
change of ideas, many new Sections 
sprung up these past four years in war 
production centers, particularly in ship¬ 
building centers. All served a very useful 
purpose. However, since the member¬ 
ship of these Sections is made up almost 
entirely of those engaged in war produc¬ 
tion, on termination of the war, need for 
some of them is disappearing. There are 
indications in this direction already,, 
and while we are losing members who are 
going into other industries, we are gaining 
some from centers now engaged in recon¬ 
version production. 

The gain in membership during the 
past year has been 28%, offset by a loss 
20% due mostly to occupational 
changes, deaths and the like, making a 
net gain for the year of 8%. Gains and 
losses in the various classifications in 
terms of percentages are given below: 


Sustaining Members 
Full Members 
Associate Members 
Operating Members 
Student Members 

• Lo^. 


In¬ 

De- 

Net 

creases 

creases Gain 

17 

7 

10 

27'A 

12 

I5Va 

34 

16 

18 

3Vt 

76'A 

73* 

30 

35 

5* 


Membership statistics for membership 
year ending August 31, 1945, are shown 
below: 

ABC DBF Total 

Total mem¬ 
bership, 

August 

31. 1944 127 2812 4108 740 2 20 780» 
Gaia (new 
members, 
increases 
in classi¬ 
fications 
and rein- 
state- 

ments) 22 778 1394 26 .. 6 2226 


149 3590 5502 766 2 26 10.03& 

Loss (resig¬ 
nations, 
cancel¬ 
lations 
because 
of delin- 
q u e n c jr 
and de¬ 
creases in 
cJassifica- 


tion) 

9 

341 

654 

567 

7 

1578 

Total mem- 







bership 


• 





A u g u St 
31. 1945 

140 

3249 

4848 

199 

2 19 

84.57 

Net changes 







during 

year 

13 

437 

740 

-541 

.. -1 

648 


Dislricts and Sections .—Through the 
successful efforts of some of our District 
Vice-Presidents and interested groups in 
the localities, Sections have been organized 
during the year in Hartford, Michiana, 
Northwestern Pennsylvania and Tacoma. 
Other Sections were revitalized. For rea¬ 
sons mentioned above, the following Sec¬ 
tions will be disbanded: Brunswick, Lake 
Shore, Mobile, Portland, Me., and Savan¬ 
nah. 


1114 


THE WELDING JOURNAL 


Digitized by 


Google 


NOVEMBER 



The majority of the Sections are to be 
congratulated on their splendid accwn- 
plishments this past year. Technical 
meetings, educational programs and so¬ 
cial events have done much to enhance the 
Society’s prestige as a technical society. 
Interest in these sessions continue at a 
high level and the attendance in most 
cases was excellent. There are a few 
centers where help is needed but the feel¬ 
ing is that if the incoming District Vice- 
Presidents, with the assistance of Head¬ 
quarters, will continue work started this 
year, we can look for a decided improve¬ 
ment next year. This year's District 
Vice-Presidents are to be commended 
for the time and effort they have spent on 
their assignments and on the efficient and 
effective manner in which they have 
handled this work. In most cases, they 
have been in close touch with the Section 
officers, straightened out difficult situa¬ 
tions, inspired the rebuilding of inactive 
Sections and the formation of new Sec¬ 
tions. Complete reports on conditions in 
the Sections have been reported to Head¬ 
quarters at the close of the year and it is 
planned to turn them over to the new 
officers for their guidance in planning 
future work. We are deeply indebted to 
these men and to the Section officers for 
their promotional efforts. It is fitting 
that special mention be made here of the 
work of Mr. Henry C. Neitzel, Detroit 
Section Membership Committee Chair¬ 
man, who has been responsible for that 
Section having the largest number of mem¬ 
bers at the close of this fiscal year. 

The Section Advisory Committee ha,«t 
acted to advise the National Board of 
Directors on matters affecting the Sec¬ 
tions, and acted to transmit and report 
upon various matters referred to the 
membership through the Section Organi¬ 
zation. It has kept the Sections advised 
on developments and actions of the Na¬ 
tional Board and the Convention Com¬ 
mittee with respect to the resolution pre¬ 
sented at the Sections Conference at the 
1944 Convention, favoring an independent 
annual meeting and welding exhibit. 

Early in the year Action was taken to 
obtain the reactions of the Sections to re¬ 
visions in the By-Laws of the Society. 
Similar action was taken on membership 
application forms, particularly those for' 
Student Members and Sustaining Mem¬ 
bers. 

There was abo referred to the Commit¬ 
tee a Guide for Organization and Opera¬ 
tion of Sections, and a recommendation 
that the Past Chairman’s Pin be replaced 
with a certificate. 

The most comprehensive subject han¬ 
dled by the committee this year was that of 
establishing boundaries for the various 
Sections. This was accomplished by 
assigning to each District Vice-President 
the responsibility for boundaries in his 
District. He in turn is to request each 
Section to designate the territory it 
thought should be assigned to it. 

The area generally was assigned with¬ 
out question, unless an overlap developed, 
in which case the District Vice-President 
worked out with the Sections involved, 
any such questionable points, keeping in 
mind that territory is not assigned as 
exclusive, but that the By-Laws permit 
considerable elasticity in that a member 


may elect to join some nearby Section be¬ 
cause transportation or business inter¬ 
ests may make membership in such other 
Section more desirable to him. 

Based on the above, Districts 1, 2, 4 
and 5 have been practically completed, 
but Districts 3, 6 and 7 have not yet pro¬ 
duced results. 

The boundaries of those Sections which 
have been completed have been approved 
by the Board of Directors, subject to a 
few minor proposed changes. 

In compliance with ODT request to 
keep- down attendance at conventions, 
plans are to hold a meeting of the Sec¬ 
tion Advistny Committee in place of the 
usual Section Officers’ Conference. 

During the year a number of Sections 
have been visited by the President and 
National Secretary, in addition to visits 
of the District Vice-Presidents. Some 
District Vice-Presidents have made it a 
point to cover every Section in their 
District. This has been found most de¬ 
sirable and has resulted in improving the 
operations of the Sections and increasing 
their activity. 

The President’s visits included the 
Philadelphia, York, Pittsburgh, Louis¬ 
ville, New York and Cleveland Sections, 
and the Secretary’s visits included the 
Washington, Detroit, Philadelphia and 
New York Sections. With the removal 
of travel restrictions, it is hoped this 
coming year a greater number of Sections 
can be visited. 

Application Forms for Membership 

The Special Committee on Application 
Forms prepared a revised form for the 
Member and Associate Member grades 
which, after approval by the Board of 
Directors, became standard and is now in 
use. The committee has under prepara¬ 
tion also forms for the Sustaining Mem¬ 
ber and Student Member grades which, 
together with recommendation for further 
changes in the standard Member and 
Associate Member forms, will shortly be 
presented to the Board of Directors for 
adoption. 

On recommendation of Special Com¬ 
mittee on Membership Application Forms, 
the Board of Directors voted that upon 
completion of forms for the Sustaining, 
Student, Member and Associate Member 
grades, the Special Committee be dis¬ 
charged and the scope of the By-Laws 
Committee be expanded to include mat¬ 
ters of this kind. 

Admission to Membership 

Pursuant to the changes in By-Laws 
adopted by this Society, the Committee 
on Admission to Membership suggested a 
working arrangement whereby the Na¬ 
tional Secretary of the Aubrican Weld¬ 
ing Society could pass on all norma! 
applications for membership, acting for 
the committee in line with the rules es¬ 
tablished in the By-Laws, Article II, 
Sections 2, 3, 4 and 5, and Article III, 
Section 1. 

No unusual activity of this committee 
occurred during the past year. 

Publications 

Welding Journal. —The number of 
printed pages published in the calendar 
year 19^ was 1934 as against 1772 in 


1943. The first 9 months of the calendar 
year 1945 are ahead of the same period 
in 1944 by 22 pages. In order to keep 
within the paper restriction, the weight 
of paper had to be reduced four times and 
it was necessary to trim the margin of the 
Journal. For the first time in its his¬ 
tory, the Journal in August of this year 
was forced to suspend publication of 
Section Activities, List of New Members 
and to curtail other sections. These 
sections have now been resumed. 

During the year the Publication Com¬ 
mittee sent out a comprehensive question¬ 
naire to gage the interest of the readers of 
the Journal in each of its various depart¬ 
ments. The results were extremely grati¬ 
fying to the Board of Directors and the 
Publication Committee of the Society. 
In general, it was found that the various 
sections of the Journal were meeting the 
needs of the membership to a satisfactory 
degree and no important change was 
warranted. 

Advertising returns and circulation of 
the JotmNAL reached new highs. 

This year the operation of a "Cmiven- 
tion by Mail” throws new burdens on the 
Editor, but these are not expected to re¬ 
sult in any unusual difficulties. 

The Journal continues to cooperate 
with other technical journals, both in 
granting of reprint rights and in securing 
pertinent technical and research infor¬ 
mation from sister societies here and 
abroad. 

The Publication Committee and the 
Editor, at all times, welcome constructive 
suggestions for improvement. Ac¬ 
knowledgment is also made for the ex¬ 
cellent cooperation, financially and other¬ 
wise. of the Welding Research Council. 

Welding Handbook.— 1942 Welding 
Handbook Committee rendered its final 
report last January. It showed the book 
was an outstanding success financially 
and technically. The financial return 
was such that it was possible to turn 
over SlO.CMX) to the permanent funds of 
the Society and still leave the Handbook 
account with a sizable cash balance. 

Upon exhaustion of the first 12,000 
copies printed, a second printing of 5000 
copies was made necessary. Sale of the 
second printing is proceeding satisfac¬ 
torily so that there is every reason to 
believe all copies will be exhausted by 
the end of 1947, when it is hoped the new 
edition becomes available. Heretofore, 
the cost of overhead has not been made a 
charge against the Welding Handbook, 
as it was estimated to be equivalent to 
the amount of the cost of furnishing each 
“Member” and “Sustaining Member” 
with a free copy of the book. Inasmuch 
as no additional staff was added, this ar¬ 
rangement favored the Society account 
rather than the Handbook account. On 
recommendation of the 1942 Welding 
Handbook Committee, the Society will 
now absorb the operation of the Hand¬ 
book as a regular and continuing part of 
the Society's activities and the expendi¬ 
tures connected therewith will be budgeted 
each year as a regular activity, similar to 
other functions of the Society. The data 
available in the Society’s files will serve 
as a guide. 

On recommendation of the 1942 Hand¬ 
book Committee, the Board Directors 
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appointed a new Handbook Committee, 
and authorized employment of the full¬ 
time services of an individual to handle 
the preparation, publication and sales of 
future Handbooks, who, in interim periods 
between Handbook publication, can 
handle the preparation, publication and 
sales of other ^ucational books author¬ 
ized by the Society. 

The new Handbot^ Committee, com¬ 
posed of H. C. Boardman, Chairman, 
W. F. Hess, C. H. Jennings, C. W. Obert 
and F. L. Plummer, together with the 
former editor, W. Spraragen, and the 
Treasurer, O. B. J. Fraser, are giving con¬ 
sideration to the editorship, budget and 
outline of chapters for the revised hand¬ 
book. 

Other Educational Books .—The great 
demand for books entitled Welding Metal¬ 
lurgy, Practical Design for Welded Steel 
Structures, Guide to Weldability and 
Glossary of Foreign Welding Terms, as well 
as for our codes, standards and specifica¬ 
tions continues, as evidenced by the sale 
of these books and standards. A revi¬ 
sion of the book entitled Welding Metal- 
lurgy is under way and expectations are 
that the revised edition will be ready some 
time next year. 

During the year the Special Cmnmittee 
on Recommended Procedure for Pub¬ 
lishing Educational Manuscripts in Book 
Form approved the publication in pam¬ 
phlet form of a translation of a Geman 
book by Prof. Kilger on Flash Welding. 
This book is being published seriaUy in The 
Welding Journal. The translation was 
made by the National Defense Research 
Council. The book will sell for $1.00 per 
copy 

A famat was developed for the pub¬ 
lication of the Adams Lecture series. 
The 1944 Adams Lecture by Dr. A. B. 
Kinzel on Pressure Vessel Welding has 
already been made available. 

In general, the publication of these 
educational books has paid for itself. 
In some special instances, considerable 
profit was derived by the Society. 

Inasmuch as the Board of Directors 
approved the employment of a full-time 
editor for the Handlwk and other educa¬ 
tional books, this special committee is 
requesting the new administration to give 
consideration to its discharge. 

Foreign Libraries .—As reported to you 
last year, a definite plan for handling re¬ 
quests for publitetions coming from for¬ 
eign libraries was postponed until the 
postwar outlook is clear. In the mean¬ 
time, it was decided that since the Ameri¬ 
can Library Association through its 
knowledge could act more discriminatingly 
toward foreign library requests than 
could the SoasTY, it was agreed, on 
recommendation of the special commit¬ 
tee appointed to handle requests from 
foreign libraries, to furnish the American 
Library Association with ten sets of the 
Welding Journal and other Society 
literature without charge, with the under¬ 
standing that these copies would be given 
free to deserving foreign libraries and 
research institutions, and with the fur¬ 
ther understanding that the American 
Library Association would keep the So¬ 
ciety informed of the disposition of these 
publications so as to avoid duplication in 
fulfillment of requests for free copies and 


subscriptions. No matters have come up 
for action by the committee thb past year. 
However, it can be recorded that orders 
for our various publications from f^eign 
countries are increasing daily. 

Meetings 

1944 Annual Meeting .—The 1944 An¬ 
nual Meeting was held in Cleveland, 
Ohio, on the occasion of the 26th anni¬ 
versary of the Society. As in previous 
years, the program was curtailed to 3'/i 
days, with all social functions eliminated. 
The entire time was again devoted ex¬ 
clusively to technical and educational 
sessions, standardization and research 
conferences and committee meetings. 
The registration of 1720, although not the 
greatest in the SoaETV’s history, was 
considered very good, in view of the 
unusual difficulties of traveling and secur¬ 
ing train and hotel reservations. 

The 26th Anniversary Technical Pro¬ 
gram was a high spot in the history of the 
American Welding Society. Addresses 
by Colonel S. B. Ritchie, of the Office 
of Chief of Ordnance, and Admiral H. L. 
Vickery (through Mr. Mariinsky), of the 
U. S. Maritime Commission, gave public 
acknowledgment to the role played by 
welding in the war effort and the part 
played by the Society. A total of 68 
papers were presented at 19 sessions, with 
a recc'd attendance at these sessions. 

1945 Annual Meeting .—At their meet¬ 
ing held on October 19, 1944, the Direct¬ 
ors approved the recommendation of the 
Manufacturers Committee that no ex¬ 
hibits be held for the duraticm of the war 
and authorized the Convention Commit¬ 
tee to proceed with plans for technical 
sessions to be held in 1946, in conjunction 
with the National Metal Congress, pro¬ 
vided satisfactory arrangements could be 
made and provided the National Metal 
Congress was held in 1945 and A.W.S. 
was invited by A.S.M. to participate. 

The Convention Committee, therefore, 
proceeded on the basis that a National 
Metal Congress would be held in 1945 
and kept in close touch with A.S.M. 
which was developing its plans along 
similar lines. At its meeting held on 
February 7, 1945, the Convention Com¬ 
mittee recommended to the Program 
Committee that it proceed with the 
preparation of the technical program for 
the 1946 Annual Meeting on the same 
basis as for previous years. If a meeting 
of regular type could not be held the 
papers received would be published in the 
Welding Journal and be well broadcast 
to the industry, in any case, so that the 
authors would be rewarded for their ef¬ 
forts. 

During the spring, the restrictions 
placed on travel and conventions by 
O.D.T. became steadily more severe. 
The Convention Committee, at a meet¬ 
ing held on June 20, 1946, considered a 
letter received from A.S.M. advising that 
they saw no immediate prospect of being 
able to hold either a convention or ex¬ 
position and that they planned to hold 
their Annual Meeting in cooperation 
with their Cleveland Chapter, for the 
installation of officers, awarding of medals 
and rendering of annual reports. 

Under the circumstances, on recom¬ 
mendation of the Convention Committee, 


the Directors authorized proceeding with 
plans for a meeting in 1946 separate frmn 
A.S.M., thb to be a one-day meeting 
held in cooperation writh the New York 
Section in the Hotel Pennsylvania, New 
York City on Thursday, October 18,1945. 

The 26th Annual Meeting will be held 
as a "Convention by Mail," in so far as 
the technical papers are concerned. A 
careful program has been developed for 
stimulating written discussion on the 
papers selected. By a ruling of the Board 
of Directors, these papers will be eligible 
for consideration of awards and prizes 
just as though they had been presented 
orally. Local Sections of the Society 
will be encouraged to utilize these papen 
for local Section meetings. The Program 
Committee has arranged for the inclusion 
of 62 papers, classified under 16 general 
subjects. 

Separate Exhibit 

The question of a separate Welding 
Exposition is being activdy investigated. 
Everyone realizes that such a step would 
not be possible without elaborate plan¬ 
ning, adequate financing, and sponsor¬ 
ship by some responsible organization. 
The latter probably would have to be or¬ 
ganized for the purpose. This study will 
not be completed until fall. 

Due recognition is here given of the 
invaluable services rendered by the officers 
of the Convention. Manufacturers, Pro¬ 
gram and Publicity Committees in making 
the Annual Meetings a success. 

Publicity 

During the year a total of 11 releases 
have been prepared and sent to the active 
mailing list of more than eighty trade and 
technical magazines, news associations and 
selected metropolitan newspapers. Copies 
were abo furnished to Local Sections fw 
any use which they might be able to make 
of them in local area newspapers. 

Annual Meeting Publicity .—Since war¬ 
time conditions made it impossible to 
plan for the 1945 Annual Meeting on the 
usual basis, preliminary publicity on 
the one-day Meeting decided upon by the 
Board of Directors was confined to an an¬ 
nouncement of the date' of the Meeting 
and the program arranged. Full coverage 
will be given to the election of new of¬ 
ficers, the winners of the various So¬ 
ciety awards and prizes, and the Adams 
Lecture. The coverage this year will 
include educational, fraternal and other 
publications which the National Officers 
elected have indicated might be interested 
in having such information. 

Welding Research —At its mem¬ 

ber meeting the Publicity Committee 
directed its secretary to work in coopera¬ 
tion with the Director of the Council 
in preparing publicity material covering 
Council matters. This has been done and 
special emphasis will be placed upon 
publicizing completed projects of the 
Council as they are approved for general 
dissemination. 

Increasing Membership Interest .—The 
committee has studied its proper relation 
to the work of the Membership Commit¬ 
tee and has directed its secretary to co¬ 
operate in the preparation of material 
which, in addition to its value in at- 
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tractiDg interest in Socibty membership, 
is a legitimate publicity function. Two 
such fields of joint effort have been de¬ 
cided upon. Tlie first is a digest of the 
Annual Report of the Socibty which 
will be sent to the regular mailing list and. 
in additi(»i, will be used as a filler piece in 
follow-up letters sent to members who are 
late in paying their annual dues. This 
report will serve as a reminder of the 
scope of Society activities and the values 
derived from membership. 

The other tentative proposal was that, 
with Local Section approval, the Pub¬ 
licity Committee’s secretary would co¬ 
operate with the Acting Tec^ical Secre¬ 
tary of the Society in preparing summary 
statements concerning the activities of 
the various technical committees of the 
Society. 

The preparation of these summaries on 
the gener^ technical activities of the 
Society, on the Code of Minimum Re¬ 
quirements for Welding Operators and on 
the latest filler metal specification has 
been completed and the releases sent to 
the Sections and the regular mailing list 
of the Publicity Committee. 

Clipping Service. —A review of the clip¬ 
pings which were received from a clipping 
service, plus a review of the files of trade 
and technical magazines maintained by 
one of the committee member’s company, 
indicates that the national releases are 
being used, in most cases as received, 
by the trade and technical press. This 
was to be expected inasmuch as the pub¬ 
lications now on the mailing list are all 
ones which have indicated their desire to 
receive such releases. All were surveyed 
about a year and a half ago when the 
present mailing list was prepared and only 
those publications indicating a desire to 
receive information about Society’s mat¬ 
ters were included on the'revised list. 

Local Section Publicity Activities.-^ 
A list of suggestions, prepared by this 
committee, about ways in which local 
press cooperation may be obtained b 
fumbhed to new Local Section Chairmen 
when Headquarters receives notice of 
their election. Thb suggestion Ibt was 
first sent out in 1944 but the clippings 
received do not indicate that much action 
has been taken in following out the sug¬ 
gestions made. A total of 105 Local Sec¬ 
tion items were received from our clip¬ 
ping bureau in the year 1943-44 and a 
total of only 127 in the year 1944-46. 
Only 17 Lo(^ Sections were represented 
in the latter year. 

A further indication that still greater 
interest in this matter would be desirable 
is the fact that reply post cards were re¬ 
ceived from only 11 Sections when they 
were requested to inform the committee 
of the names of their Local Publicity 
Chairmen. 

Education 

Your Educational Committee’s activi¬ 
ties have been confined this year to the 
making of a survey of available motion 
pictures, slide films and other instruc¬ 
tional material available from welding 
manufacturers, that might be useful for 
instruction of engineering students. From 
the data received, the committee will 
compile a Ibt of such materials for wide 
dbt^ution among the instructional staff 


of engineering scboob over the country. 

A letter prepared by the Educational 
Committee, and sent out over the signa¬ 
ture of the President of the Society, was 
sent to the Deans of engineering schotds 
on the subject of the place of welding in 
engineering education. The tenor of 
replies received from the Deans indicated 
interest and, in some instances, a desire for 
assbtance. 

Abo, your Committee is making a sys¬ 
tematic survey of textbooks in the various 
fields in which welding b introduced into 
engineering curriculum. Textbooks which 
are presently being studied include those 
in the fields of structural design, machine 
design, materials of engineering, metal 
processing and metallurgy. Some thought 
is abo being given to a borough analysis 
of present courses to determine bow those 
courses already in engineering curriculum 
might be broadened advantageously. 

The Committee plans when the survey 
b complete, to offer suggestions to pub- 
Ibhers for better coverage of welding. 
Publishers have already been contacted 
and have indicated a willingness to co¬ 
operate. 

The Committee is also considering the 
preparation of a letter to the Civil Service 
Commission setting forth educational re¬ 
quirements for welding industry. 

Awards 

The Committee on Awards has given 
careful consideration to the various duties 
assigned to it and has presented to the 
Secretary of the SoaETY its nominations 
for Adams Lecturer, Miller Medallbt 
and Lincoln Medallist. The Committee 
has abo prepared the wording for the 
presentation of Honorary Memberships 
to the three candidates selected by the 
Executive Committee. All members have 
taken active interest in these duties 
which has made it a real pleasure for the 
Chairman in coordinating the work. 

The f<^owing selections have been 
made to date: 

Samuel Wylie Miller Memorial Medal— 
J. H. Deppeler 

Lincoln Gold Medal—L. C. Bibber 

On recommendation of the Awards 
Committee, Dr. W. F. Hess was unani¬ 
mously approved by the Board of Direct¬ 
ors as the 1946 Adams Lecturer. 

The Jury of Award of the R.W.M.A. 
1945 Prize Contest has selected as thb 
year’s winners the following; 

$500 Prize for the best paper emanating 
from an Industrial sonrce in which the 
major portion of the subject matter b 
concerned with design for resistance 
welding, has been awarded to Mr. 
L. A. McIntosh, for bis paper on “Re- 
sbtance Welding for Economy and 
Quality.” 

$200 Prize for the best paper emanating 
from a University source has been 
awarded to Messrs. W. F. Hess, R. A. 
Wyant and B. L. Averbach, for their 
paper on “The Surface Treatment at 
Room Temperature of Aluminum Al¬ 
loys for Spot Welding,” publbhed in the 
Septemb^ 1944 Supplement of The 
Welding Journal. 


$200 Prize for the best paper emanating 
from an Industrial source has been 
awarded to Messrs. G. W. Scott, Jr., 
L. G. Sutton and J. H. Widmyer, for 
their paper entitled “Radiography for 
Development and Control of Aluminum 
Alloy Spot Welding,” publbhed in the 
November 1944 Supplement of The 
Welding Journal. 

$100 Prize has been awarded to Mr. J. C. 
Barrett, for his paper on “Plash Weld¬ 
ing of Alloy Steels—Physical and 
Metallurgical Characteristics,” pub¬ 
lbhed in the January 1945 Supplement of 
The Welding Journal. 

Honorable Mention: 

H. W. Brown, for hb paper entitled 
“The Spot Welding of 0.0375-In. 
Aliuninized Low Carbon Steel,” pub¬ 
lbhed in the September 1944 Supple- 
menl of The Welding Journal. 

B. M. Callender, for hb paper, “Small 
Potable Condenser Welding Set,” 
published in the October 1944 Weld¬ 
ing Journal. 

F. R. Hensel, E. I. Larsen, E. F. Holt, 
for their paper, “Problems in Spot 
Welding of Heavy Mild Steel Plate.” 
publbhed in the January 1945 Supple¬ 
ment of The Welding Journal. 

By unanimous vote of the Board of 
Director, the following members have 
been added to our Honorary Membership 
list: 

H. C. Boardman 
J. H. Deppeler 
D. S. Jacobus 

Enlargement of Society Headquarters 
For some time the offices of the Ameri¬ 
can Welding Society have been entirely 
inadequate. Our repeated efforts to 
acquire additional space in the Engineering 
Societies’ Building in New York finally 
met with success thb past year, and in 
August 1945 we moved into bigger quar¬ 
ters on the sixth floor of the Engineering 
Societies’ Building. Through the acqui¬ 
sition of this additional space, adjoining 
our present offices, the Soubty b able to 
house its staff in a manner more fitting to 
a society of its standing and sue. 

Deaths 

The Society thb past year has suffered 
severe losses through the deaths of two of 
its Past-Presidents, Messrs. G. T. Horton 
and Edmund A. Doyle, and through the 
deaths of Mr. Claude J. Hoblag, a 
founder member, and Pr<ff. A. V. De- 
Porest, whose keen interest endeared 
him to all. Resolutions were adopted by 
the Board of Directors and transmitted to 
their families and companies. The deaths 
of Mr. W. S. Evans, Dbtrict Vice-Presi- 
dent-Elect, and Mr. H. M. Boetcher, 
founder member of the Maryland Section, 
were also recorded and suitable obituary 
notices carried in the Joihinal columns. 

Employment Service 

For the benefit of the SoasTY member¬ 
ship and the welding industry, a c<^umn in 
The Welding Journal is devoted each 
month to Positions Vacant and Services 
Available. We are able to include only 
those coming to the attention of Head- 
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quarters. We shall be glad to have more 
members take advantage of this service. 

A cknowle^gmenU 

Opportunity is here taken to express our 
debt of gratitude to the National Dis* 
trict and Section Officers and Committees 
for the serious and wholehearted interest 


GAS RANGE OF TOMORROW 

A contest for the design of the "Gas 
Range of Tornwrow,*’ involving 16 cash 
awards totaling $18,000, will be conducted 
by the American Stove Co., S. E. Little, 
vice-president, has announced. 

Reason for the competition is effec¬ 
tively outlined in the attractive rules 
booklet which has been prepared by its 
spmisors for the use contestants: a 
reason which may forecast a new postwar 
trend involving participation of the ulti¬ 
mate user in the specific design of home 
appliances. 

"The Magic Chef gas range of today,” 
the booklet states, "represents the ulti¬ 
mate in cooking service to date, but out 
of this war have come new materials, new 
processes, new designs and new ideas 
which may make possible a new and dif¬ 
ferent gas range f<w the future—mwe 
beautiful, more convenient, more prac¬ 
tical, and one which will bring the Home¬ 
maker more freedom from cares and cook¬ 
ing problems . . . 

The contest imposes few limitations on 
the designs. It must, of course, be a 
stove of style and beauty that will fit into 
the general scheme of the home of to¬ 
morrow. 

The contest b open to all residents of 
the United States, with the exception of 
the American Stove Co., its subsidiaries, 
its advertbing agencies. The Architectural 
Forum and the families of such employees, 
or employees of other range manufac¬ 
turers. 

The cash awards are broken down as 
follows: bt prize, $5000 ; 2ad prize $3000; 
3rd prize, $2000; three prizes of $1000 
each; and 10 prizes of $500 each. The 
contest opened in November and closes 
March 1,1946. 

Awards will be made by a jury composed 
of architects, designers and home eco¬ 
nomics experts. Contestants may submit 
drawings in black and white, or in color. 
There are no limitations on either the 
scale or types of drawings submitted, al¬ 
though they must be submitted on 18- 
X 24-in. sheets. 

The ccwnpetition booklet, which abo 
incorporates the basic technical data re¬ 
quired in initiating a design, may be ob¬ 
tained free of charge by writing to George 
Nelson, A.I.A. c/o The Architectural 
Forum, Dept. P-3, Empire State Bldg., 450 
Fifth Ave., New York 1, N. Y., mention¬ 
ing the Magic Chef design contest. 


LUKENS STEEL NAMES BROWN 
TO HEAD PITTSBURGH OFnCE 

Arthur H. Brown, who has been as¬ 
sociated with Lukens Steel Co. and sub- 
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they have shown in the trust placed in 
them; to thank our membership. Sus¬ 
taining Members in particular, and Jour¬ 
nal advertisers for their genuine interest 
and support; and to express appreciation 
to the staff for their helpful cooperation 
this past year. 


Research 

A report on the research activities b 
given on the last page of the Research 
Supplement. 

Technical Activities 

A full account of the Technical Activities 
will appear in the December issue of the 
Welding Journal. 


sidiaries. By-Products Steel Corp. and 
Lukenweld. Inc., Coatesville, Pa., since 
1930, has been named Manager of Sales 
for Pittsburgh and vicinity, according to 
an announcement made by J. Frederic 
Wiese, vice-president in charge of com¬ 
bined sales for the three companies. 
The appointment was effective as of 
Monday, October 15th. Brown b mak¬ 
ing hb headquarters at Suite 2000, 429 
Fourth Ave. near Grant St., in downtown 
Pittsburgh. 

Brown, a native of Coatesville. has 
served in the Coatesville Dbtrict Sales 
Office. Previously, from 1939 to 1943, 
he was assocbted with the New York 
sales office. He has served also as a 
member of Flanging Sales and Plate Sales 
Departments, as well as with the Mechani¬ 
cal and the Standards Departments of 
Lukens in Coatesville. 

Brown, who was graduated from Coates¬ 
ville High School, also attended Man¬ 
hattan College, New York; Brookl)m 
(N. Y.) Polytechnic Institute, and Penn 
State College extension courses. He has 
been active in the York-Central Penn¬ 
sylvania Section of the American Weld¬ 
ing Society, currently serving as chair¬ 
man of the program committee. 


COMMUNICATION TO THE SOCtETY 

U. S. Department op Commerce 
National Bureau of Standards 
Washington 25 

October 4, 1945 

American Welding Society 
Attn.: Mr. Simon A. Greenberg, Acting 
Tech. Secy. 

29 West 39th Street 
New York 18. N. Y. 

Subject: National Directory of Commod¬ 
ity Specifications. 

Dear Sir: 

We have recently forwarded to the 
Government Printing Office the manu¬ 
script for the revbed edition of the 
National Directory of Cranmodity Speci¬ 
fications. Your organization contributed 
much valuable material used in thb 
publication. 

Considerable effort has been made to 
increase the usefulness of thb Directory. 
The first edition, issued in 1925, only 
Ibted the title, designating number, and 
name of the organization issuing the 
specification. The second edition, issued 
in 1932, also included brief summaries of 
. the specifications. The present revised 


Directory, containing mwe than 1300 
pages, gives summaries showing the scope, 
technical characterbtics, and applicaticm 
of each specification in order that the user 
may select the one best suited to hb 
particular needs. 

We have requested the Superintendent 
of Documents of the Government Printing 
Office to forward a copy of thb Directory 
to you for your official use. We should 
appreciate it if you would call the Direc¬ 
tory to the attention of the members 
your organization and would keep our 
name on your mailing Ibt so that we may 
receive copies of your future specifications 
as they are bsued. 

Orders should be sent to National 
Bureau of Standards (Misc. Pub. M178), 
National Directory of Commodity Speci¬ 
fications. Price $4.00. Foreign $5.25. 

Very truly yours, 

Paul A. Cooley, 

Divbion of Codes and Specifications 


The in Arc Welding.. 
your guide to LOWER COSTS 

NEW EIGHTH EDITION "Procedure 
Handbook of Arc Welding” gires rou «»« 
latest information on all phases of this 
fast-growing process for lower costs and 
better products. 35 new procedures. 22 
new cost tables. Id new subtects in Arc 
Welding design, technique, applicauon. 
Even if you have previous editions of t^ 

"Procedure Haodbook",you cannot ^ord 

to be without the new, authonutive 
Eighth Edition. This 1312-page bibleM 
Arc Welding” outdates all previous ed^ 
tiooa . . . affords you the assurance of 
reliable reference data at oegligible cost. 
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Gas-Shielded Arc Welding 
of Aluminum* 

By A. F. Leacht 


D ue to the war, the need for lighter and stronger 
structures, particularly so in the aircraft indus¬ 
try, has hten. of primary importance. By using 
castings, esrinisions, sheets and forgings of aluminum 
and its various alloys; the range and speed of our planes 
have been vastly increased. Not only has the aircraft 
industry tiuned to aluminum, but also considerable 
ordnance equipment, such as floating bridges, rocket 
latmchers, r^o cases and canteens are being m^e from 
aluminum. The railway industry is planning to use con¬ 
siderable aluminum in its postwar coaches and is now 
using large amounts of plate in the fabrication of milk 
and tank cars. 

To further emphasize the important place that alumi¬ 
num is taking in our industrial picture, the approximate 
production figures in tons per year is shown in Fig. 1. 

To keep abreast with this rapid increase in production, 
it has been necessary to develop new methods and ma¬ 
chines to cope with the many associated problen^. 

Welding 1^ played an important role in the fabrica¬ 
tion of material needed in our war efforts. While 
alumintun can be fusion welded by several different 
processes, such as carbon arc, metallic arc, oxyhydrogen 
and oxyacetylene, the purpose of this paper is to describe 
the new gas-shielded arc-welding process. 

This process actually encompasses three different 
methods of welding. The atomic hydrogen method has 
long been used on many metals, including aluminum. 

* Scheduled (or the Twenty-Sixth Annuel Meeting, A.W.S., October 1945. 
t Electric Welding Section, lodustriel Division. General Electric Co. 
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Fig. 2—^Atomic Hydrogen Axe Welding ^ Alominonx Wething 
Machine Tuba 


The Inert-Arc process uses helium and argon gas as 
shielding agents and has been used commerci^y for the 
past 2 yr. 

Section I—Atomic Hydrogen Arc Welding of 
Aluminum 

Figure 2 shows an operator welding an aluminum wash¬ 
ing machine tank by means of the atomic hydrogen 
method. This picture was taken approximately 15 yr. 
ago and shows ^e type of equipment used at that time. 
Tlie current, from the welding transformer shown at the 
right rear of the operator, is controlled by a tapped 
reactor in the transformer secondary. A bayonet type 
plug is pushed into the various holes shown in the bottom 
half of the transformer panel and stepped changes in 
current are obtained. The new equipment is shown in 
Fig. 3. The only essential difference is in the welding 
transformer in which the current is controlled by variable 
reactance built into the transformer. In addition to the 
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Iig. S—At<miic Hydrogen Welding of an Aluminum Cylinder 


atomic hydrogen welding transformer, a tungsten elec¬ 
trode holder and a bottle of commercially pure hydrogen 
are required for this process. The flow of hydrogen gas is 
controlled by a standard regulator. 

The present-day power unit is a variable reactance t 3 rpe 
transformer with sufficiently high open circuit voltage 
(300 V.), to permit easy starting of the arc. For mani^ 
welding, the arc voltage will vary from 65 to 90 v., and 
for automatic welding from 65 to 110 v. The arc is 
maintained between two timgsten electrodes whose con¬ 
sumption is almost negligible due to the shielding action 
of the hydrogen gas. This gas comes into the holder 
through a hose in the handle and is released to the arc 
through nozzles surrounding the two tungsten electrodes. 
The gas immediately surroimding the arc stream is trans¬ 
formed by the temperature of ^e arc and is no longer 
molecular hydrogen. The molecules have been broken 
down into their component parts, atoms, and in this state 
the gas is called atomic hydrogen. 

Atomic hydrogen is not a stable form of gas. It is 
extremely active and will combine with other elements to 
form stable compounds, or with other hydrogen atoms to 
form molecular hydrogen. In recombining to form 
molecular hydrogen, the energy supplied by ^e arc and 
absorbed during the transformation to atomic hydrogen is 
released in the form of heat, at a temperature sufficiently 
high to raise any metal alwve its melting point. This 
temperature is between 6000 and 7000° C. 

Since the temperatiue of the atomic hydrogen arc is 
higher than the oxyhydrogen or acetylene flame, and due 
to the fact that hydrogen is a very efficient heat transfer 
agent, the over-^1 welding speed obtained with this 
process is the highest of any in use today. Speeds as 
high as 36 in. per minute have been obtained on */i8-in. 
plate, using a butt joint with no edge preparation. Full 
penetration is obtained with no preheat. 

As in most other welding processes, the atomic hydro¬ 
gen method of welding aluminum requires a flux, but 
due to the reducing action of the hydrogen gas, very little 
flux is required to break down the aluminum oxide. A 
thin paste of flux, usually one part of flux to one part of 
water, painted very thiifly on the upper surfaces of the 
joint is sufficient flux to produce a satisfactory weld. 
In cases where additional filler metal is required to give 
reinforcement to the joint, flux should also be painted 
on the filler wire. The flux should be miiwd with a ratio 
of four parts of flux to one part of water and then painted 
thinly on the filler and allowed to dry before being used. 


In the case of manual welding, several lengths of filler 
wire can be made up before welding. In the case of 
automatic atomic hy^ogen arc welding, where a motor- 
driven wide feeder is used to add the filler metal, the 
aluminum wire should be pushed through a fluxing box 
containing a 4 to 1 mixture of flux to water. After leav¬ 
ing the fluxing box, the wire should be directed at the 
arc through a water-cooled stainless steel nozzle in order 
to prevent the flux from drying too rapidly and causing 
the wire to stick inside the nozzle tube. 

It is very important that before welding all traces of 
pickle treatment and oil should be removed from the 
surface of the plate. If oil has been present on the sur¬ 
face, then some degreasing solution, such as carbon tetra¬ 
chloride should be used and allowed to evaporate before 
welding. Unless this carbon tetrachloride is allowed to 
eva|X)rate at normal temperature or is driven off by slight 
preheat, there is a tendency for these degreasing solutions 
to be retained in the surface of the aluminum and cause 
porosity when the plates are later welded. After the 
chemical cleaning, the top, bottom and sides of the joint 
should be either rubbed with emery cloth, or wire 
brushed. Emery cloth is preferable, since it actually 
cuts away the surface of the aluminum and exposes clean 
metal. While wire brushing is faster, it has a tendency to 
burnish the surface of the metal and fold in impurities 
and heavy spots of oxide which later show up as scum in 
the finished weld surface. 

If the plates to be welded are particularly clean, it 
may be possible to eliminate the mechanical cleaning of 
the joint and use less flux. In some cases the metal has 
been clean enough that it was necessary to add flux only 
on the filler wire rather than to both the filler wire and to 
the surfaces of the joint, but where the surface conditions 
of the plate are liable to vary, it is advisable to include 
the mechanical preparation and fluxing on all surfaces 
before welding. 

The types of fluxes that are used with the atomic 
process, are usually prepared in a very thin solution with 
a very thin coating applied to the joint and filler wire. 
Due to the fact that this flux is water soluble, it can be 
easily and quickly removed. After welding, the color 
of the flux is dark and therefore, a visual inspection will 
show whether the flux is completely remov^ or not in 
the cleaning process. Usually the flux can be removed 
in a few seconds, using hot water and a bristle brush. 

Most other welding processes use greater quantities 
of flux which produce an almost glass-like stnictiue after 
welding. In some cases the flux is hard to remove and 



LAP JOINT 



FILLET JOINT 



TEE JOINT 



BUTT JOINT 


CORNER JOINT 


I - m I 

BUTT JOINT 

Fig. 4 


1130 


THE WELDING JOURNAL 


Digitized by 


Google 


DECEMBER 




requires considerable wire brushing and scrubbing in 
boiling water. 

As in the other methods of fusion welding of aliuninum 
where flux is employed, the full penetration butt joint 
and comer joint are the only types that can be used in 
any thickness of plate. By referring to Fig. 4, the reasons 
for this can be seen. 

Each of the joints pictured in Fig. 4 with the excepition 
of the ones where complete penetration was obtained on 
the butt and comer joints, there is a likelihood that flux 
will be left between the two plates of metal as indicated 
at “F.” Unless this flux is remoVed by long and expen* 
sive pickling, usually sulphuric acid, and followed by hot 
water dips, the danger of subsequent corrosion is very 
great. If the weld contains an inclusion of flux, the 
strength of the joint is not only impaired by the inclusion, 
but also will be affected by subsequent corrosion. 

Due to the fluid nature of molten aluminum, it should 
be welded in the flat position if at all possible. Since 
aluminum does not change color when passing from the 
solid to the molten state, some care has to be exercised, 
particularly in welding of thin plate to control (^op down. 
In welding thin plate or on the first pass of a multipass 
weld, the back side of the joint should be supported with 
either a stainless steel or copper chill bar where backing is 
practical. While the size and shape of the chill bar ^1, 
of necessity, have to change on various applications, the 
bar should not bear directly on the back side of the joint, 
but should be spaced approximately ^/z 2 in. away from 
the joint in order to allow some drop down for reinforce¬ 
ment on the back side of the weld. Also, the surfaces of 
the back-up bar which contact the underside of the joint 
should not be too close to the joint as the bar will absorb 
heat and slow down the welding speed. The dimensions 
of the air space under the joint will vary from job to job 
and can best be determined by trying several different 
combinations while setting up the job in order to deter¬ 
mine the shape that will give the desired drop down and 
will not affect too greatly the speed of welding. 

The atomic process is very adaptable to automatic 
welding if the fixture which supports the work maintains 
it at a constant distance below the arc. Thyratron tube 
controlled automatic welding heads are available for 
maintaining a constant arc voltage between the tips of 
the tungsten electrodes, and will assure uniform welding 
results if the distance between the arc and the joint 
does not vary. On relatively thin stock automatic 



Rg. 5—Helium-Shielded Arc Welding ol en Alominxun Casting 



Fig. 6—Inert Arc Welding Electrode Holder for Manual Weld¬ 
ing. Gas Flows Around Tun^en Electrode Which Can Be 
Seen Protruding uom End of Holder 


welding will often permit traversing at speeds three or 
four times over that which can be obtained under the 
best manual welding conditions. If the work is clamj^ 
in its fixture with proper fit-up, then high-quality welding 
can be realized with high production rates. 

This process is suitable for welding aluminum plate 
from Vw to in. in thickness with a single arc. Up to 
Vs in. a plain butt preparation can be used, but for thick¬ 
nesses from in. up, a V-joint preparation should be 
used with approximatdy a 90® included angle. The root 
space is not necessary in this t 3 rpe of welding and the root 
face dimensions should not be more than ‘/le in. Notch¬ 
ing on this root face is not necessary with this method of 
wdding. 

In multipass welding, additional filler metal will be 
required and can be add^ manually or by a motor-driven 
wire feeder. The filler wire should be fed at a constant 
rate into the side of the arc fan. If the speed of the filler 
wire, travel speed, current and joint preparation are 
maintained at a uniform setting, the appearance of the 
weld will be very flat and uniform. 

Section n—Helium-Shielded Arc Welding of 
Aluminum 

While the helium Inert-Arc welding process also re¬ 
quires a flux in the welding of aluminum, it has several 
characteristics which make it more suitable than atomic 
hydrogen welding on certain applications. 

The equipment used with this process can be seen in 
Fig. 5. The power unit is a standard arc-welding genera¬ 
tor with current range depending upon the thiclmess of 
the aluminum to be welded. Helium gas of at least 
98.4% purity should be used to shield the arc. Gas of 
this purity can be obtained from any of the well-known 
welding gas suppliers. The gas is reduced in a single 
stage regulator to 5 to 10 lb. pressure. A flow meter 
attached to the regulator is very beneficial in checking 
the amount of helium used and also in presetting the flow 
of gas before welding. 

The electrode holder is a manual, air-cooled, fully 
insulated holder which grips the tungsten electrode in 
tool steel clamps. An off-on gas flow switch is contained 
in the handle of each of these holders. The amount of 
gas is controlled by the regulator setting and is turned off 
and on by the small switch in the handle. A close-up of 
the electrode clamp is shown in Fig. 6. This clamp can 
be used with V^-in. tungsten electnxles up to a current of 
125 amp. For work ^at requires a heavier ctirrent, a 
water-cooled holder weighing approximately U/a times 
as much as the smaller air-cooled holder will handle cur¬ 
rents as high as 400 amp. with electrodes. 
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f In actual welding either polarity may be used but ex- 
pmence has shown that the best results are obtained 
with the electrode negative or with straight polarity. 
Best results mean that a higher travel speed and a lower 
tungsten consumption can be realized with the electrode 
negative. It is a known fact that the temperature of the 
electrode on the negative side of the d.-c. arc in inert 
gases is lower than that of the electrode on the positive 
side of the arc. The relation is such that approximately 
60% of the heat is concentrated on the positive side while 
40% is on the negative side. 

It follows then that the maximum welding speed with 
any given current will be obtained when the duminum 
plate is positive in respect to the tungsten electrode. 
Also, the tungsten will operate at a lower temperature, 
and will not have a tendency to ball up on the end. 
This balling-up is caused by a large drop of molten 
tungsten forming at the end of the tungsten electrode. 

'^is balling-up action not only necessitates very care¬ 
ful watching, but any slight movement of the electrode 
holder will cause the molten drop to wiggle and the 
current will flow from the nearest point of the ball to the 
aluminum plate. This will result in a wavy bead and 
improper penetration in some points. Also, this ball-up 
interferes with the gas flow pattern out of the nozzle and 
will cause air to be drawn into the shielding gas. This 
results in a dirty scum on the surface of the finished weld. 
A few fabricators have continued to employ reverse 
polarity with flux, using oversize electrodes to i^uce the 
balling-up action but increased speed and decreased 
tungsten consumption can be obtained by switching to 
straight polarity. 

One of the advantages in using the helium-shielded 
process over the atomic hydrogen process lies in the 
shape and size of the tungsten electrode holder. Due to 
the long slender shape of the electrode holder, it is 
possible to get into comers and holes that would be in¬ 
accessible to the atomic hydrogen electrode holder. 
Since the atomic hydrogen holder necessitates the use of 
two tungsten electrodes, the size of this holder is con¬ 
siderably larger than that used in the helium-shielded 
process. 

A further advantage that is very significant in auto¬ 
matic welding is that a change in arc length is accom¬ 
panied by a ^ange in arc voltage. This change in volt¬ 
age can be used as a signal to control the motor, which in 
tiun, raises or lowers the electrode holder. TWs means 
that once the control is set, the dectrode holder will be 
raised or lowered in order to maintain a constant arc 
voltage across the arc. 

An example of where automatic arc length control 
is desirable would be the case of the wdding of a 
circular seam on a vessd which is moimted in a fixture 
and rotated under the arc. If the circular seam is made 
with a tumed-up edge, this edge must be accurate within 
0.01 in. If less accuracy is used and a fixed arc length is 
maintained, then, the heat of the arc will change with a 
change in arc length and imiform penetration not be 
obtained. Since the characteristics of this arc are such 
that the raise-lower motor can be used to compensate for 
changes in arc lengths, uniform wdding can Ik obtained 
by adjusting the position of the dectr^e to compensate 
for variations in the turaed-up edge. 

This arc voltage change with arc lengths can also be 
used to wdd joints with changing contours such as the 
outside of an airplane wing section. If the arc is tra¬ 
versed from the trailing edge to the leading edge of the 
section, the change in arc voltage can be used as a signal 
to cause the wdding head motor to raise the decti^e 
until the thickest section of the wing is reached, and then 
gradually lower the dectrode over the leading edge of 
the wing. This arc characteristic can be used to great 


advantage in a number of applications where it is neces¬ 
sary to wdd over uneven contours. 

Even though 60% of the heat of the arc is concentrated 
on the aluminum plate ^th this helium-shidded process, 
the aluminum is still not raised to as high a temperature 
as that obtained using the atomic hydrogen process. 
For this reason, it is not as fast as atomic hydrogen wdd¬ 
ing, and is used only when it is necessary to get into small 
areas that will not accommodate the atomic hydrogen 
torch, and where it is desirable to use automatic com¬ 
pensation for variations in work position. 

Since flux is used in both the hdium-shidded and 
atomic hydrogen wdding processes, the same precautions 
should be us^ in carefully removing this flux after the 
wdd has been completed. Consideration will also have 
to be g^ven to the types of joints that can be used with 
this process in order to fac^tate easy removal of this 
flux. The only t 3 rpes of joints that can be used in which 
the complete removal of flux can be easily checked are 
again the butt and comer joints. Other types of joints 
such as the fillet, lap, T-joint, contain overlapping sur¬ 
faces from which the flux is difficult, if not impossible, to 
remove. Since a good portion of the meeting surfaces are 
not fused together during wdding, flux will remain en¬ 
trapped between these adjoining surfaces and is removed 
only after very thorough and meticulous deaning. Again 
due to the fluidity of molten aluminum, this process is 
best used in the horizontal and flat positions. 

In cases where additional reinforcement in the joint is 
desired, filler wire can be added in the same manner as 
describ^ above for the atomic hydrogen process. In 
general, more flux is required for t^ process due to the 
fact that the hdium atmosphere is not reducing as in the 
case of the hydrogen atmosphere. 

One job tbat has been recently carried on is interest¬ 
ing in view of several of the facts pointed out above. 
This job involved the helium-shielded arc welding of an 
aluminum fuel tank. The tank was made of 0.081-in. 
aluminum sheet and employed what has been called a 
strip joint. This joint is shown in Fig. 7. A very 
accurate fit-up on this joint was made possible by a 
unique method of preparation. When the two halves of 
the tank were first placed in the welding fixture, the edges 
of the joint were slightly overlapped and a saw cut 
with a blade 0.081-in. in thickness was made through 
the overlapped portion of the tank wall. This resulted 
in a cut with the sides of the cut exactly parallel. A strip 
of the same material 0.081 in. thick and in. wide was 
turned on edge and placed in this slot. The fixture was 
then tightened up and almost metal-to-metal contact 
was made between the sides of the tank and the strip for 
the entire length of the tank. A very accurate fixture was 
used. The length of the joint was approximately 10 ft. 
Since the fixture was acciuate, fixed arc length was used 
between the tungsten electrode and the edge of the 
tumed-up strip. Only occasional manual adjustment 
of arc length was necessary. The tank was welded at 
speeds approximately 18 to 19 in. per minute with 75 to 
90 amp. d.-c. welding ciurent. Kux was used on the 
filler strip and on the edges of the tank wall. 

This job was unusual in that the electrode polarity 
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was positive or reversed polarity was used. From the 
discussion on electrode polarity it should be noted 
that the opposite polarity is preferable due to the in¬ 
creased speed obtained by the higher heat input to the 
aluminum plate and also due to the lower tungsten con¬ 
sumption. On this welding job it was necessary with 
the electrode positive to use an electrode ^ diam¬ 
eter and employ water cooling. Normally, a 
electrode with water cooling and using either alter n ating 
current or direct cturent with electoode negative will 
carry up to approximately 400 amperes. It is estimated 
that if straight polarity or electrcKle negative had been 
employed, ^e welding speed could have been increased 
to approximately 22 to 24 in. per minute, using the same 
current. 

It is estimated that this same job with the same joint 
preparation and fixture could have been employed with 
the atomic hydrogen welding process to obtain welding 
speeds of 27 to 30 in. per minute. 


Section in—^Argon-Shielded Arc Welding of 
Aluminum 

It has been realized for some time that any fusion weld¬ 
ing process of altunintun which would not require the use 
of a flux would be a great boon to industry. Due to the 
cost of the flux, the cost of thoroughly removing the flux 
after welding, and the limitations of joint design, any 
process which would eliminate flux would open up new 
fields in which aluminum with its inherent light weight 
and high strength could be successfully used. At present 
the only known process in which altuninum can satis¬ 
factorily arc welded without the use of any flux is the 
Inert-.Arc method employing argon gas as a shielding 
agent. 

In some respects, the argon-shielded arc process is 
similar to both of the methods of welding already de¬ 
scribed. The power unit for argon-shielded arc welding is 
an a.-c. welding transformer similar to that used with the 
atomic hydrogen process but with special characteristics. 
The electrode holder is the same as used in the helium- 
shielded process. In order to cover the complete range 
of welding currents with this process, air-cooled and 
water-cooled holders are used. For manual welding the 
equipment is the same as shown in Fig. 5 except that the 
power unit is a transformer instead of a motor generator 
type welder. 

like helium, argon is a monoatomic, inert gas, and its 
Twain function in ^s welding process is to shield the arc 
and protect the molten alumintun from oxygen and hy¬ 
drogen. The argon should have a ratio of at least 99.8 
and should be c^ed “Argon Welding Gas.’’. This 99.8 
is the ratio between argon and nitrogen in the gas. This 
means there are 998 parts of argon to every 2 parts of 
nitrogen present. Argon and nitrogen are not ^e only 
elements in the gas as there are slight traces of oxygen an 
hydrogen. The “Argon Welding Gas” is special in that 
the oxygen content is less than 30 ppm. while the hydro¬ 
gen content is less than 100 ppm. Unless the hydrogen 
is kept to a very low value, the finished weld bead will be 
porous. Argon is available from a number of sources 
since it is extracted from the air. 

The purpose of the welding fluxes used in other 
methods of fusion welding aluminum is to remove 
aluminum oxide. A simple test can be made to show 
why this oxide must be removed. If the ends of two 
rods of aluminum are heated to slightly above their 
melting points and then brought together, it would be 
normally expected that the ends would fuse, but due to 
the thick tenacious coating of aluminum oxide surrotmd- 
ing the molten aluminum, the surface tension is such that 



Fig. 8—Manual Argon-Shielded Arc Welding Being Done on 
Light-Gage Aluminum Plate 


the molten metal will not flow together. When a flux is 
used, the aluminum oxide is changed chemically to alum- 
inmn chloride and al uminum fluoride which when molten, 
do not have the high surface tension of aluminum oxide. 
The a.-c. arc surrounded with the high ratio argon gas 
used in this process reduces the aluminum oxide so that 
the molten base metal will flow together and form a 
satisfactory joint. 

The same initial cleaning procedure should be used 
with this process as describe tmder the atomic hydrogen 
method. The presence of oil is very detrimental to the 
welding and will result in a porous structure. 

Since no flux is employed in this process, the protflcm of 
removing it after welding is nonexistent. With the other 
methods of welding aluminum, considerable labor, time 
and materials had to be employed to remove the cor¬ 
rosive fluxes. After welding with the argon-shielded 
process, the fabricated piece can be finish^ by either 
painting or some other surface teatment. The smooth¬ 
ness ctf the bead depends upon the skill of the operator 
in traversing the arc and in adding filler metal. Since 
the arc is very stable and quiet in nature, there is no weld 
spatter. 

This process is particularly adaptable to manual weld¬ 
ing since the arc length can be varied as much as a tenth 
of an inch without greatly affecting the value of welding 
current. This means that weld penetration is not greatly 
affected by small changes in ^e arc length. Manu^ 
welding with this process is shown in Fig. 8. 

Since alternating ciurent is employed in the arc, the 
tendency for the tungsten electrode to ball up is not as 
great at any^ given current as it is on direct current, re¬ 
verse polarity. In alternating current the flow rapidly 
changes from one direction to another, therefore, there 
is no tendency for either the electrode or the work to be¬ 
come hotter due to the current flowing in only one direc¬ 
tion. Since the timgsten does not Imve a tendency to 
ball up with alternating current, the gas flow pattern is 
not disturbed when using high current. 

Due to the fact that the arc voltage with any given 
current is less in argon than in helium, the wdding 
speed is somewhat slower. In other words, since the 
watts in the arc is less in argon than in helium, there is 
lower heat dissipated in an argon arc than in a helium 
arc. 
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The electrode torch is handled in much the same 
manner as when using the helium-shielded process. The 
arc is most stable vmen the tungsten electrode is held 
in the near vertical position and traversed along the joint 
to be welded. Filler wire can be added either from ahead 
or behind the arc, depending upon the choice of the 
operator. In manual welding, the filler is added in much 
the same manner as in gas flmne welding. That is, the 
filler is added with a push-pull motion. The filler is 
pushed into the edge of the arc column and then rapidly 
withdrawn. The amount of filler added will depend upon 
the frequency of the push-pulls and also on the diameter 
of the filler wire used. 

In some cases ordinary cleaning has failed to remove 
all of the impurities from the filler wire. These impurities 
will show up on the finished weld bead as a black sooty 
deposit which is only on the siuface of the bead. While 
this sooty appearance does not affect the strength of the 
weld, it may be objectionable from a finish standpoint. 
It has been found that by dipping the aluminum filler 
wire in concentrated cold sulphuric acid for approxi¬ 
mately 10 min. and then washing in hot water and allow¬ 
ing to thoroughly dry will remove this sooty condition 
from the finished weld bead. 

One application which has employed this argon- 
shielded arc-welding method of aluminum to an ad¬ 
vantage, has been in the manufacture of radio cases. It 
was necessary for these radios to be operated in the 
tropics where high humidity and high temperature condi¬ 
tions are prevalent. Since it was necessary to employ 
joints on this case in which it would be impossible to 
completely remove the flux, argon-shielded arc welding 
was employed. With this process, the joints were not 
subject to corrosion and very little refinishing was re¬ 
quired on the outside or inside of the joints. 


Summary 

In general, fusion welding of aluminum is more satis¬ 
factory on the low-alloy materials than on the higher 
streng^ alloys employing elements such as copper. In 
the low-alloy, low-strength aluminum plate the welds 
and adjacent plate will exhibit approximately the same 
tensile and ductility values as the base material. The 
welds will respond to cold working and will have v^ 
high joint efficiency. Fusion welding of the high-tensUe, 
high-alloy plate will affect the metallurgy of the ma¬ 
terial being welded and the resulting joint will be lower in 
tensile t ha n the base material. Since some of the ma¬ 


t^al which was in solution in the base plate precipitates 
during the high temperatm-e of the weldmg procedure and 
does not go back into the solution on solidifying, the 
strength of the base material immediately surrounding 
the welds is somewhat impaired. Post heat treatment, 
cold working and aging procedures will not increase the 
efficiency of the joint. 

Up to the present time little or no thought has been 
given to the welding properties of the high-tensile, high- 
strength alloys. It is suggested that further develop¬ 
ments be carried on in which the weldability of the 
aluminum alloys be considered as a part in the develop¬ 
ment program of any new high-tensile, high-strength 
alloy. If a program of this kind is successfully carried 
out, it will mean that all of the advantages of fusion arc 
welding such as low joint weight, high welding speed, 
and high joint efficiency will be re^z^. 

Since the gas-shielded arcs are small intense pin points 
of heat, the amount of matmal which is affected by the 
heat of the arc is relatively small. Therefore, little dis¬ 
tortion is foimd in joints welded with this process and 
speeds in general are higher than those obtained with 
^e gas flame method of welding. Since the heat of the 
arc is high, it has not been found necessary, in general, 
to use preheat on the material in any thiclmesses. This 
means a considerable saving in the cost of the gas used to 
preheat. 

The inherent advantages of electrical equipment are 
realized with this process in that power is readily avail¬ 
able, and power costs are very low. 

The atomic hydrogen arc process is best used in appli¬ 
cations where flux can be tolerated, where high welding 
speed is desirable, where joints are not in cramped 
quarters so that ^e double tungsten electrode holder 
pan be used, and where fixed arc length can be main¬ 
tained for automatic welding. 

The helitmi-shielded arc is best suited, where flux 
can be tolerated, where joints are in close quarters re¬ 
quiring the small single tungsten electrode holder and 
where automatic welding is to be used on joints with un¬ 
even contours. 

The designer will find many places in which the argon- 
shielded arc-welding process will prove beneficial becaiise 
there will be no limitations in the joints which he can 
employ in the manufacture of various aluminum articles. 
Due to the fact that flux is not used in the process and is 
therefore, no problem in removal after .welding, all man¬ 
ner of joints can be successfully used with no danger of 
subsequent corrosion. In general, the cost of welding 
with these three processes compares favorably, if not 
lower, than other methods of fusion welding. 
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Welded Gas Holders with Panel 

Type Lifts* 

By Rudolf Kraus^ 


G as holders are used, as the name implies for stor¬ 
ing of gas to be available for heating as needed in 
a community or for industrial processes. Gas 
holders are built in various sizes ranging from a few 
feet to several hundred feet in diameter and in various 
heights and with one or more lifts to suit the pressiue and 
the size of the field to be served. However, these condi¬ 
tions do not enter in the principle fabricating a welded 
holder. 

Our discussion will be confined to the wet seal holder 
employing the familiar water seal principle. The col¬ 
lapsing type gas holder invented by Clegg in 1817 em¬ 
ployed the principle of forming a s^ comprised of such 
parts known as the cup assembly and grip assembly. 
For those not familiar with this class of structure, Fig. 1 
shows a diagram of a wet gas holder. All accessories, 
such as guide frame, roller carriages, etc., are omitted. 
On the left are shown the water tank and the deflated 
lifts; on the right are the lifts in their position, inflated. 
The welding of the tank and the lifts are the subject of 
this paper. The engineering terms as used in the dis¬ 
cussion will be recognized without further explanation. 

The development of shop fabricating and erecting of 
riveted structures was a process of many decades, but gas 
holders built forty years ago are, in their engineering 
features, about the same as those built ten years ago. 
From the standpoint of maintenance, one difference de¬ 
veloped; the gas holders buUt in later years are more 
subject to corrosion. 

Probably the efficiency of the scrubbing apparatus is 
one of the prime factors causing interior corrosion and 
pitting. Practically all light oils that used to get through 
the holders have been eliminated by more eflficient plant 
equipment. The condition is further aggravated by 
sweating due to temperature variations. The moisture 
combined with oxygen in the gas accelerates corrosion. 
The corrosion frequently gets its start around the holes 
for the rivet shanks and between faying siufaces, held 
together by the rivets. 

The start of corrosion is first evidenced by the bulging 
at the vertical legs. These members act as stiffeners 
and guides upon which the bottom rollers of the adjoining 
lifts ride. The members consist of either I-beams, chan¬ 
nels or T-bars, which are attached to the shells by angle 
supports A. The connecting rivets R between &e two 
are spaced about 15- to 24-in. centers on the shells (de¬ 
tail B in Fig. 1). Naturally the faying surfaces between 
the rivets are not absolutely tight; the corrosion de¬ 
velops very fast there, particularly with dry gas, causing 
severe buckles at vertical stiffeners for the entire height 
of the holder shell. It is common for the corrosion to 
build up at the vertical leg points to the extent of exert¬ 
ing sufficient pressure to shear the connecting rivets R 
(detail B, Fig. 1). The corrosion progresses ^so in the 


* Scheduled for the Tweoty-Sixtb Aonual Meeting. A.W.S., October 1945. 
t Welding Engineer, The Stacey Bros. Gas Construction Co., one of the 
Dresser Industries. 


laps of the holder shell sheets. Figure 2 shows a portion 
of a gas holder shell from which a coupon had been pre¬ 
viously cut. On this particular holder, the rivets ap¬ 
peared to be in good condition from the outside. But the 
coupon revealed that the rivet heads on the inside of the 
holder were almost completely eaten away by corrosion. 
The corrosion had done its damage and as the thickness 
of the holder shells is usually of light gage metal, replace¬ 
ments of sheets become necessary. 

The condition discussed started the demand for a 
remedy. To build welded lifts suggested itself by the suc¬ 
cess of welded storage tanks, wlu^ were built for some 
years. But not much progress was made because weld¬ 
ing was applied to a design intended for riveting. The 
holder us^ to be built in courses (Fig. 1). Each course 
was made up from a number of plates, approximately 
5 X 10 ft. The progress in fitting sheete to each other 
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Fig. 2—^Interior Surface of Holder Shell 


without the usual large number of holes was slowj if 
many holes for bolting were provided, then the shop cost 
high and, also, the field cost increased due to many 
bolts. In addition, very unsightly warping resulted. It 
was hkely that the warping would distort some por¬ 
tion of the couj^ ^ough to obstruct the travel of one 
lift past the adjoining one, particularly if some distor- 
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tion had taken place in the cup plates or grip plates 
which were also to be welded to the cup or grips, re¬ 
spectively, and if, in addition, each of the lifts was out of 
its center due to roller adjustment. 

After considering these various problems, a new design 
was developed by our company to replace the courses l^- 
tween the hanging rows of the cup and grip plates with 
panels about 30 ft. long and 5 ft. wide. The method of 
erecting these panels was patented. Doing away with the 
laps between courses makes it possible to weld the 
stiffeners directly to the panels. (See Fig. 3 for diagram 
of a panel type Uft with detail in Fig. 4.) 

With proper procedure dictated by experience, it is 
possible to have the stiffeners remain straight and plumb 
in the finished assembly. This is important because the 
lower carriages, traveling on these stiffeners, help to guide 
the lifts in their up and down travel. 


.Rg. 6—Correcting Distortion with a Bending Machine 

planning and sequencing the operations in order to obtain 
efficient results both in shop and field. Only small gas 
holders for laboratory purposes can be fir^hed com¬ 
pletely in the shop. Component parts for gas holders 
are generally shop fabricate and shipped in &e field for 
assembly. A nmnber of subassemblies are also shop 
welded; these are limited by rail clearances and the 
capacity of lifting equipment in the field. In riveted 
construction, it was necessary to bring all steel to the 
shop from the mill in order to drill the holes required 
for riveting in the field. All the steel incoming from the 
mill had to be unloaded and loaded out again. In welded 
gas holders, it is possible to ship most of the bottom 
plates and, frequently, also a portion of the crown di¬ 
rectly from the mill to the field. Experience and loca¬ 
tion of the holder influences whether lift panels, guide 
frames and other parts are fabricated in the field or shop. 
The edge preparation of the tank shell plates is done in 
the shop by burning. As the plates are used in lengths of 
approximately 30 ft., waves from hot rolling could affect 
the root opening and the included angle of the joint be¬ 
tween plates, and in turn influence the economy as well 
as the quality of welding. It might either require more 


Rg. 5 


^.L j • weld metal in case the root opening is too large or it may 

The welding of the hanging rows to the cups and grips r o » j 


was first met with doubt; it was expected that the 
warped cup plates would interfere with the en^ of the 
grip plates. (See enlarged view of cup and grip assem¬ 
blies in Fig. 3.) However, by proper procedure it is easy 
to prevent the warping. The round seams are uniformly 
distributed on both sides of the neutral axis; therefore, 
no appreciable change takes place in the cords and arc 
heights of the sections of the cups and grips. In the 
period of transition when both welded and riveted lifts 
were built, the greater uniformity of the welded assem¬ 
blies was surprising by comparison. 

The word “welding” expresses only a small portion 
of the work of producing a gas holder. The term “welded 
fabrication” covers the problem better. In fact, the 
various intermediate steps preceding the welding are 
very important to make quality welding possible at 



reasonable cost. The aim is only accomplished by Rg. 7—Eraoting Tank in the Reid 
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Fig. 8—A Tank Completed with Walk Attached 

require expensive chipping if the former is too small. 
With up-to-date cutting equipment, this problem has 
been almost entirely eliminated. 

In the shop fabrication, the assembly by welding of 
composite columns for the guide frame is of interest. 
This may be any combination of two structural shapes as 
I-beams or channels. This enables the development of 
special sections and reduces weight considerably. Both 
sides of an I-beam flange are welded to the web of another 
section (see insert, Fig. 5). After proper fitting and 
tacking, the welding is done with equipment built for 
this particular application. The two fillets are made at 
one operation by means of two automatic welding ma¬ 
chines traveling on a 40-ft. long bed (Fig. 5). Special 
cooling equipment had been built in for elimination of 
distortion. A fine spray of water is directed against the 
underside of the web of the I-beams or channels. A 
pump circulates the water from a sump where it is col¬ 
lected. The amount of distortion is influenced by the 
size and weight of the structural shapes. Where neces¬ 
sary, a distortion is corrected by means of a structural 
bending machine (Fig. 6), which can be used for straight¬ 
ening large sections of any type. 

The test of welders follows the regulations outlined in 
the Codes. Our welders have to pass the sidebend test, 
as the lower courses for the tanks are heavier than */< in. 
The preparation of these specimens is rather expensive 
if they are burned from the test plates with an allowance 
in width for machining. Before the burning can be done, 
the backup strap has to be removed, which is also a slow 
process. This and the expense of machining can be re¬ 
duced to a fraction by using a small band saw to cut the 
test specimen to the required width of */% in. Then the 


Fig. 9—Crown Practically Completed 


backup is chipped from the specimen only. A test jig is 
shipp^ to all field jobs. 

The cost of testing welders should be further reduced 
by a concerted action of fabricators whose engineers form 
the Code Committee. Obviously,’ weld met^ from elec¬ 
trodes complying with A.W.S. Mer metal specifications 
will pass all tests provided the* welders are sufl&ciently 
skill^. If we are satisfied to check the welded seams by 
means of plugs or segments, why should we not check the 
test plates the same way? That would be speedy and in¬ 
expensive. Gas pockets and slag inclusions will show up 
in the etched plugs. The same defects show up in the 
test sp^imen and cause their failme. Our company 
makes it a practice now to cut plugs from test plates. 
If defects are found, the welder is disqualified. If the 
plugs are satisfactory, the required sidebend speci¬ 
mens are made to comply with the Code. This setup 
has a worth-while influence on the welders because they 


fig. 10—S,000,000*Cu. Ft. Wet Seal Gaa Holder, Shrewsbury, 
Mo. 

realize during the test what is expected from them in the 
actual work. 

Field welding of gas holders follows established prin¬ 
ciples. Due to the cooling of the filler metal as well as of 
the parent metal, transversal and longitudinal shrinkages 
have to be contended with. Both are responsible for 
tension, compression and warping. To keep these within 
acceptable limits is the problem of so-called welding 
sequences. These are the same whether welding the 
seams on a small cylinder or a large tank or a ship. As 
there is a number of vertical and peripheral seams, the 
shrinkages of these must be taken care of in their logical 
sequence, taught by study and experience. Essentially, 
it means the vertical seams are welded first, the peripheral 
seams and the bottom, last. A reversal of sequence 
would cause serious warping in the bottom and an in¬ 
crease in the tension of the vertical seams. The first 
sequence reduces the tension in the vertical seams due to 
compression from the peripheral shrinkage. 
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In the field erection a large variety of equipment is 
utilized. Electric power is brought to the site to run the 
welding machines, the derricks, cutting equipment used 
in fabricating special brackets, a compressor for operation 
of chipping hammers, airdrills, grinders, a blower for 
inflating of the lifts and, finally, a purging machine to 
fill the finished gas holder with inert gas ^ore the in¬ 
tended gas is stored. This is necessary to avoid forming 
of an explosive mixture with the air in the lifts. For a 
large job, several freight cars are required to move the 
equipment from the plant to the site. Generally, a 
caterpillar crane is shipped to help with the unloading of 
tools and material, and later on loading out the tools. 
A few photos will give an idea how a job progresses. 
Figure 7 shows the erection in the early stages, l^e bot¬ 
tom had been finished, and a derrick traveling on a track 


handles the material. Figure 8 shows a larger job, the 
steel tank completed with walk attached. The perma> 
nent wood frame is constructed. It will act as a support 
for the crown of the holder when at rest. At this stage 
of erection, the crown sheets are being assembled on the 
permanent frame. Note the railroad track which was 
built around the steel tank to handle fabricated materials 
directly off cars and erect in place, thus eliminating stor¬ 
ing and rehandling in the field. Figure 9 shows the crown 
practically completed. An opening is left in the crown 
through which the erection equipment is removed from 
inside by means of the derrick shown. The speed 
crane hdps to load the equipment on a freight car 
on the track; it starts its return trip to home yards. 
Figure 10 shows a completed holder with the five lifts 
inflated. 


Work of the Mobile Ordnance 
Repair Shops* 

By Captain Samuel G. Dunlap^ 


T his article contains a general discussion of the 
organization, equipment, mission, and types of 
work performed by mobile Ordnance maintenance 
organizations. No attempt is made to give details of 
any of these phases, because of the magnitude of each 
phase and the diversity of operations under varying 
conditions. 

The Ordnance Department develops, tests, procures, 
stores, distributes, and maintains in serviceable condition 
automotive equipment (including general purpose, 
special purpose and combat vehicles), weapons, fire 
control instruments, and ammunition. The quantity of 
equipment involved includes over 2000 major items and 
approximately 488,000 parts for issue. These totals do 
not include ammunition, parts which do not require re¬ 
placement, or parts which form assemblies not usually 
disassembled. 

In order to store, distribute or issue, and maintain 
Ordnance equipment in the field, the Ordnance Depart¬ 
ment has developed 15 types of mobile maintenance 
and supply organizations, each equipped to perform cer¬ 
tain functions. These organizations are trained and 
assigned in such a manner as to accomplish the func¬ 
tions of Ordnance Service required to conduct the mili¬ 
tary operations of the field forces of the Army. 

Ordnance maintenance is performed in accordance 
with the ‘‘five echelon” system!. The echelons are deter¬ 
mined by the degree of maintenance involved, and are 
assigned according to the capacity of the maintenance 
equipment provided in each echelon. First echelon 
maintenance consists of inspection, servicing, and repairs 
performed by the operator, driver, or crew using the 
equipment. Second echelon maintenance is inspection, 
servicing, or repairs which are beyond the scope of operat¬ 
ing personnel, but which can be done by the mechanics 


* Scheduled for the Twentjr-Sixth Annual Meeting, A.W.S., October 1945. 

J Ordnance Department Board. 

The “echelon" sj^tem consists of arranging the maintenance support of 
the army, from the front line to the rear of a theater of operations, m pro* 
peasively larger and more completely equipped maintenance shops, each 
“echelon" (or grade of shop) supporting the echelon in front," 


of the unit which operates the equipment. This work 
consists of minor adjustments and replacement of items 
such as fan belts, spark plugs, firing pins, etc., which can 
be removed without disassembling the major item. The 
necessary tools to accomplish this work are issued by 
Ordnance to the using units. Replacement parts are 
furnished by Ordnance on an exchange basis whenever 
possible. However, no unit is refused an essential part, 
even though there is no item available for exchange. 
The Ordnance Department issues instruction guides and 
technical manuals for the training and guidance of first 
and second echelon personnel. Ordnance repair per¬ 
sonnel give technical advice, make frequent inspections 
of Ordnance equipment in the hands of troops, and advise 
the using units on the maintenance of all .Ordnance 
items. (First and second echelon repair work is p^- 
formed by the using troops; all higher echelon repa^ 
of Ordnance equipment are made by Ordnance main¬ 
tenance units.) Third echelon maintenance consists of 
accomplishing those repairs which are beyond the scope 
of second echelon and the replacement of assemblies 
which do not require heavy shop equipment or long 
periods of time for accomplishment. This echelon is per¬ 
formed by Ordnance Light Maintenance Companies, 
Ordnance Medium Maintenance Companies, and similar 
companies, all of which are highly mobile and render 
close support to the using troops. Fourth echelon 
maintenance consists of repair of assemblies, rebuilding 
of major items from serviceable assemblies, and overflow 
work of third echelon organizations. Fourth echelon 
maintenance companies have more and heavier equip* 
ment than third echelon companies and perform work 
requiring longer periods of time for accomplishment. 
This work is done by Ordnance Heavy Maintenance 
Companies, which are mobile and which support the 
third echelon maintenance companies rather ^an the 
using troops. Fifth echelon maintenance is the highest 
echelon of Ordnance Service in the field. It consists of 
reconditioning or complete rebuilding of equipment and 
parts and limited manufacturing of parts. It also con- 
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sists of overflow work of lower echelons. This work is 
performed by Ordnance Base Maintenance shops, which 
receive their work from third and fourth echelon shops. 
Fifth echelon shops are not mobile. 

One or more thi^ echelon Ordnance maintenance com¬ 
panies are assigned to each Division, the number and type 
depending upon the type of Division, its equipment, and 
the specific mission or type of operations anticipated. 
These companies perform the bulk of the maintenance 
operations required to keep the Ordnance equipment of 
the Division in serviceable condition. Their equipment 
is mounted or carried in shop and cargo truclu. They 
maintain close contact with tiie Divisions to which they 
are assigned and are obliged to move frequently with 
their Divisions. 

The overflow of this maintenance is performed by third 
echelon maintenance companies located farther to the 
rear in the combat area. These supporting companies 
are grouped into battalions of three to five companies 
and normally operate in the Corps or Army areas. They 
usually are capable of performing the balance of the third 
echelon work for troops in their vicinity. Because they 
are not assigned to Divisions and do not have to main¬ 
tain such close contact with the advance troops, they can 
remain in one location for slightly longer periods than 
the divisional maintenance companies whi^ they sup¬ 
port. The advance of the combat troops increases the 
distance between the supporting maintenance companies 
and the division ordnance troops. When this distance 
becomes too great to permit economical operation, the 
supporting companies move forward and re-establish 
close contact wilii the divisional maintenance companies. 
Such moves are made by one or two companies of the 
battalion at a time. By this method, it is possible to 
centralize the repair work on hand in the companies 
which remain in the existing location. The first com¬ 
panies to move forward assume the new repair load and 
those remaining behind complete all work within their 
capabilities before they move forward. This procedure is 
termed "leapfrogging” and is one of the secrets of the 
success of Chdnance service. 

Ordnance Heavy Maintenance Companies handle the 
fourth echelon (major repair) work. Their equipment 
is mounted or carri^ in trucks, but moves are much less 
frequent than those of the third echelon maintenance 
companies. Fourth echelon work is the most complete 
maintenance normally performed in Corps or Army areas. 

Ordnance Base Maintenance Companies are located 
in the communications zone, utilizing equipment which 
is located in shop buildings. They usually are located 
in or near a city having good road and rail networks, 
permanent type buildings and public utilities. They are 
grouped into battalions in a fixed ratio, being designed 
to operate as units. Base Maintenance Shops are not 
discussed elsewhere in this article. They are mentioned 
here in order to complete the picture of Ordnance Field 
Service and to indicate the type of work which they per¬ 
form and the conditions under which they operate. 

In addition to their inspection and maintenance func¬ 
tions, all Ordnance maintenance shops must keep on 
hand a stock of spare parts, ass^blies and supplies 
large enough to insure their ability to perform the types 
and quantities of repairs anticipated b^ore they are 
able to request and receive additional stocks. Moreover, 
third echdon shops must stock additional quantities of 
items which are authorized for replacement by using 
troop second echelon mechanics. The Ordnance Depart¬ 
ment procures replacement parts and supplies on the 
basis of average consumption of those items over an ex¬ 
tended period. However, consumption rates vary greatly 
because of geographical location, climatic conditions 
and the type of operations in which each piece of equip¬ 


ment is involved. Therefore, it is essential that procure¬ 
ment be adjusted to meet these varying consumption 
rates. In oifler to have a sound basis for procurement, 
consumption figures must be obtained from each theater 
of operations, based on the various condirions existing 
withm the theater. Because of this fact and the fact 
that each maintenance shop must have a basis for esti¬ 
mating the quantities of each item that it will use during 
any period of operation under certain conditions, each 
shop must keep accurate records of the maximum quan¬ 
tity of each item which it is permitted to keep on hand, 
the minimiim quantity of each item which should be on 
hand at any time, the level at which replacement of each 
item should be requested and the quantity of each item 
consumed dtuing any specific period of time. In spite 
of the accurate records kept and the constant efforts of 
supply personnel to m^ntaJn a stock of all required 
items, it is impossible to avoid shortages. When items 
are not available, it is sometimes necessary to manufac¬ 
ture substitutes or to repair worn or broken parts in 
mobile repair shops. This is the primary reason for the 
welding and machine-shop sections found in all Ordnance 
repair shops. 

The equipment of the various shops differs with respect 
to size and completeness, depending upon the mission of 
the ^op. All ^ird and fourth echelon Ordnance main¬ 
tenance shops have such items as air compressors, arc 
welders, forges, electric generators, oxyacetylene welding 
and cutting kits, hydraulic presses, and hand tools. Most 
of the shops have battery chargers and paint spray out¬ 
fits. For purposes of comparison, the major differences 
between the Light Maintenance Company (assigned to 
Infantry Divisions), the Medium Maintenance Company 
(general third echdon supporting maintenance) and the 
Heavy Maintenance Company, Field Army (the most 
general fourth echelon shop) are given in the following 
three paragraphs. 

The Light Maintenance Company consists of 6 Officers, 
1 Warrant Officer, and 126 enlisted men, of which 6 men 
are assigned as welders. It is equipped with one 16-cu.- 
ft. air compressor, one 12-v., 2000-w. battery charger, 
one forge, four generators having a total output of 
9 kw., one 10-in. lathe, four oxyacetylene welding and 
cutting kits, one paint spray outfit, one 10-ton pu^-pull 
hydraulic jack, one 300-amp., 40-v. gasoline-cWven arc 
welder, and one 200-amp., 30-v. arc welder mounted in a 
Jeep. Its transportation consists of thirteen 1-ton 2- 
wheel trailers, eight Jeeps, five V 4 -ton trucks, thirteen 
2Vrton cargo trucks, two 4-ton wreckers and one 10- 
ton wrecker. 

The Medium Maintenance Company consists of 6 
Officers, 1 Warrant Officer, and 1^ enlisted men (29 
more men than the Light Maintenance Company), of 
which 5 men are assigned as welders. Its equipment 
consists of all of the items listed above, plus a 300-amp., 
40-v. gasoline-driven arc welder, an extra battery charger, 
an automotive electrical equipment testing outfit, four 
extra generators (a grand total of 33 kw.), an extra 10-in. 
lathe with a miffing attachment, an extra oxyacetylene 
welding and cutting kit, a power hack saw, and an extra 
10-ton hydraulic push-pull jack. Its transportation con¬ 
sists of seventeen 1-ton 2-wheel trailers, five Jeeps, 
four V 4 “ton trucks, thirteen 2Vrton cargo trucks, one 4- 
ton wrecker, and one 10-ton wrecker. 

The Heavy Maintenance Company, Field Army con¬ 
sists of 5 Officers, 1 Warrant Officer, and 192 enlisted men, 
of which 6 men are assigned as welders. This is 1 Officer 
less than the other two companies, but 37 enlisted men 
more than the Medium Maintenance Company. Its 
equipment consists of the items listed for the Medium 
Maintenance Company, less the 16-cu.-ft. air compressor, 
the extra battery (ffiarger, the Jeep mounted arc welder. 
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and one generator. In addition, it has a 105-cu.-ft. air 
compressor, two heavy duty air drills, one air ham¬ 
mer, an extra 300-amp., 40-v. arc wdder, an extra 
forge, generators with a total of 36 kw., a 14- to 2S-in. 
gap lathe, a metalizing outfit, a milling machine, two 
heavy duty air-driven nut runners, an ^ditional power 
hack saw, a 60-ton hydraulic press, a sewing machine, 
and a shaper. Its transportation consists of two 1-ton 
2-wheel triers, two Jeeps, three V^-ton trucks, six 2Vr 
ton cargo trucks, two 10-ton wreckers, six 6-ton 2-wheel 
semitrailers, and two 4- to 5-ton truck-tractors. 

When desirable, changes are made in the characteristics 
of Ordnance units, both as to personnel and equipment, 
in order to insure that the latest developments and tech¬ 
niques are available for the performance of Ordnance 
service. This is exemplified by the recent addition of the 
mobile Jeep mounted arc welder to the equipment of 
several of ^e mobile repair shops. 

It is the policy of the Ordnance Department to con¬ 
tinue development of all Ordnance equipment, in order to 
insure that our troops have the world’s best in fighting 
implements. In the process of such development, it 
frequently becomes necessary to modify types of items 
which already are in use. Many of these modifications 
consist of streng^ening of various parts, such as truck 
frames, gun tra^, and tank armor. Substitute parts 
usually are furnish^, but must be applied in the theaters 
of operation. Welding plays an important part in such 
modification work. 

Ordnance maintenance shops repair any Ordnance 
equipment brought to them by using units. In addition, 
the third echelon maintenance shops furnish contact 
parties (comparable to civilian automobile association 
road service units) which contact combat troops and 
other nonordnance units near the front lines for the pur¬ 
pose of furnishing second echelon replacement parts and 
performing such maintenance operations as can be ac¬ 
complished on the spot by members of the contact 
parties. Equipment which cannot be repaired at the 
front and which cannot be moved by the using troops is 
reported by the contact parties and is evacuated by 
Ordnance personnel, equipped with Ordnance recovery 
vehicles, to the Ordnance maintenance shops for repair. 
These maintenance shops repair Quartermaster field 
cooking ranges and many other items of equipment, such 
as special Engineer Corps vehicles. Signal Corps genera¬ 
tors and similar items. It is the aim of Ordn^ce to 
render the utmost in service to all branches of the 
Army. Ordnance repair shops take great pride in their 
ability to repair anything having wheels, gears or firing 
pins. 

It is well known that the enemy may be expected to 
retaliate when we shoot at him. Therefore, it is not un¬ 
common to encotmter equipment with missing or dam¬ 
aged parts, such as wheels, tank tracks, gun shields, 
rifie stocks, and siniilar failures which wotild not be en- 
cotmtered tmder peacetime conditions. However, it is 
the job of Ordnance to prevent the necessity of our troops 
waging war without their full quota of equipment. It is 
not alwa}^ possible to replace a damaged item with a 
new or reconditioned one. Therefore, it becomes the 
job of Ordnance maintenance shops to make such repairs 
as will retiun the items to service. It is not possible to 
open a book and find a description of the procedures for 
making all such repairs; this is where the ingenuity and 
experience of Ordnance personnel and the equipment of 
Ordnance shops fills a great need in combat. Foremost 
among the persotm^ in demand under combat conditions 
are the Ordnance welders and their equipment. Repairs 


by welding frequently save critical time in placing equip¬ 
ment in service at crucial moments. One of the most 
important pieces of Ordnance mainetnance equipment is 
the Jeep mounted arc welder, which can be driven directly 
to the front lines for use within range of enemy fire. It 
has been acclaimed as one of the most valuable items of 
maintenance equipment in the Army. 

During the battle for the Normandy Peninsula, our 
tanks encoimtered considerable difficulty in penetrating 
the hedge-rows which are common in that section of 
France. In driving over them, the bellies of the tanks 
were exposed to enemy fire and the speed of the tanks was 
decreased to such an extent that they formed very vul¬ 
nerable targets. This was especially disastrous b^ause 
the bottom of the hull is made of thinner armor than any 
other portion of the tanks. It immediately became ob¬ 
vious ^at some field expedient was required to eliminate 
this vulnerability. The result was a device, popularly 
known as a “rhinoceros,” which was fastened to the front 
of both light and medium tanks. It consisted of a ntun- 
ber of very heavy teeth weld to a steel beam which was 
mounted on the lower front portion of the tank. When a 
tank equipped with the “rhinoceros” approached a hedge¬ 
row, the teeth dug in and excavated the earth and vege¬ 
tation. This permitted the tank to penetrate the hedge¬ 
row at a lower elevation and, at the same time, kept ^e 
front end from raising enough to expose the b^y of the 
tank. In addition, it permitted other vehicles to follow 
in the gap formed by the first tank without requiring the 
use of a “rhinoceros” on each vehicle. Exi>eriments were 
performed with this item and, when it had been ascer¬ 
tained that the device was a solution to the problem, it 
was immediately decided to so modify as many tanks 
as possible in the limited period of 48 l:r. By pooling all 
welding facilities on the Normandy beach-he^ and by 
operating an assembly line in the field, it was possible to 
modify 300 tanks in the 48-hr. period. The use of this 
welded item increased tank maneuverability and was one 
of the major factors contributing to the break-through in 
Normandy and the rapid advance of our forces across 
France. 

Another example of the necessity for field changes in 
equipment comes from the China theater of operations. 
Before the Stilwell road was opened and the Burma road 
retaken, it was necessary to transport equipment into 
China by air. Much of this equipment was too large to 
fit into our cargo planes. A specific example is the 
2Vrton cargo truck, which is our most commonly used 
cargo vehicle. In order to transport these trucks by air, 
it was necessary to remove the bodies and to cut the 
frame near the center. By inserting a single-wheeled 
dolly under the rear of the front half of the truck, that 
half could be driven into a cargo plane by using the front 
wheel drive with which all of our 2^/Vton trucks are 
equipped. The rear half was manhandled into the plane. 
At the destination, the rear half of the truck was rolled 
off the plane, the front half driven off, the frame was 
welded into a single unit, using fish plates for reinforce¬ 
ment, and the v^cle was as good as new. 

In conclusion, the necessity for mobile ordnance repair 
shops, including the welding equipment and wdding per¬ 
sonnel which form a part of each shop, cannot be over¬ 
emphasized. The Ordnance Department owes a double 
debt of gratitude to the American Welding Society; 
first for its many members who are now in the service of 
their country, both in the Army and in industry devoted 
to production of military equipment, and second for the 
skill which they have imparted to so many Ordnance 
welders. 
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Metallurgy as Applied to Welding* 


By R. B. Lincoln^ 


N PRESENTING a paper on this subject, one is 
confronted with so much material that wotdd be of 
interest to welders and of use in their work that it is 
necessary to select and use a very small part of it. An 
effort is made to present such items as 2o yr. of contact 
with welding problems suggest as most useful to welders, 
inspectors and foremen. The paper will be rather too 
elementary to interest one trained in metallurgy. 

Experience indicates that a welder’s concern with 
metaUurgical problems usually involves the effect of 
heating and cooling on the physical properties of the 
metal, and particularly the factors that affect the danger 
of cracking. For this reason a few words on physical 
properties will not be out of place. The force required 
to pull apart a bar of metal varies with the area, if bars 
of different size but the same composition, structure and 
hardness are compared. This strength reduced to 
pounds per square inch is referred to as the “tensile 
strength” or “ultimate strength.” Both terms have 
practically the same meaning. This is probably the most 
frequently quoted physical property. Plates for boilers 
and pressure vessels are frequently stamped with their 
tensile strength. Specifications frequently call for a 
minimum tensile strength of 66,000 psi. for boiler steel 
and 60,000 psi. for steel for bridges and buildings. Grade 
"B” pipe usually has a tensile strength of ^,000 psi. 
or higher. Steel of this class is usu^y tenn^ “c^d 
steel” and can be welded without preheating. Grade 
“C” has a tensile strength of 76,000 psi. or higher. The 
increased strength is usually gained by increasing the 
carbon in the steel and this may, imder certain circum¬ 
stances, require a change in welding procedure to avoid 
brittleness and cracking. 

Physical test reports, in addition to showing the 
tensile strength of the material, frequently show 5 deld 
point, elongation, reduction in area and sometimes 
hardness. The term “yield point” accurately describes 
the property. It is the stress at which the specimen 
changes in length (yields) with no increase in load. 
Some materials, particularly stainless steel, highly cold- 
worked metal and some copper alloys do not show a 
true yield point but yield gradually. In that case a 
“yield strength” at a specified extension is specified. 
Sometimes the “proof stress,” that is, the stress that may 
be applied and removed without exceeding a given 
permanent set, is specified. 

After the test specimen of ductile material passes the 
yield point or yield strength (depending on the ma¬ 
terial), it will continue to stretch with some increase in 
load. The maximum load divided by the initial ^ea is 
reported as the “tensile strength,” or “ultimate strength” 
referred to above. Cast iron, hardened steel and other 
relatively brittle materials do not show a yield point, 
but fail without much elongation. 

The amount that a specimen stretches is a measure of 
the toughness of the metal. The two broken parts are 
fitted together and the increase in length measured. 


* Scheduled for the Tweotr-Sizth Annual Meeting, A.W.S., October 1946. 
t Director of the N’atiooal Welding Testing Bureau, a Division of the Pitts, 
burgh Testing Laboratory. 


This is reported as per cent elongation in 2 in. or in 8 in., 
depending on the type of specimen used. In the case of 
round specimens, the reduced diameter is measmed and 
the per cent reduction in area reported. For example, 
if the initial diameter was 0.5 in. and the diameter 
reduces to 0.25 in. at the fracture during the test, its 
reduced area is only 26% of its initial area. There has 
been a reduction in area of 75%. Both of these values 
are used in specifications as measures of toughness. 
In a general way, good elongation is to be expect^ with 
good reduction in area. 

Tests for the approval of filler metal as covered by the 
specifications devdoped by the A.W.S. and the A.S.T.M. 
specify minimum tensile strength, yield point and elonga¬ 
tion in 2 in. Many specifications for plates and castings 
call for both per cent elongation and reduction in area. 
Specifications for plates often call for per cent elongation 
in 8 in. 

The Standard Qualification Procedure calls for welds 
of a minimum tensile strength (in per cent of the mini¬ 
mum specified tensile strength of the plate). The weld 
strength* is determined by a “reduced section tension 
test” cut perpendicular to the weld. This specimen is 
not convenient for the determination of the elongation 
because the plate and weld metal elongate at different 
rates. The free bend specimen is us^ to determine 
elongation (ductility) of the weld metal. 

With a high quality metal, a change in composition or 
heat treatment that increases strength and hardness will 
usually go with a decrease in elongation. With steel the 
elongation will decrease roughly in proportion to the 
increase in strength so that the tensUe strength multi¬ 
plied by the per cent elongation in 2 in. will be roughly 
2,000,000. Gas pockets, slag inclusions or a bad structure 
may lower both the tensile strength and elongation. 
The product of tensile strength times per cent elongation 
can be used as a rough measure of quality. If both 
are low in a weld test, the soundness or quality must be 
improved. If the tensile strength is too low but the 
elongation is higher than required, we need some change 
in composition or heat treatment that will harden the 
metal. If the elongation is too low but the tensile 
trength higher than necessary, the procedure must be 
changed to produce a softer metal. 

Pure iron is very soft and ductile but it is relatively 
costly and is used in the laboratory only. However, the 
commercial product known as “Ingot Iron” is remarkably 
pure and does not differ greatly in hardness from pure 
iron. Most of the steel that is used in welding contains 
carbon, manganese, silicon, phosphorus and sulphur. 
Carbon is the principal h^dening and strengthening 
agent. It adds strength to annealed (soft) steel and in¬ 
creases its response to heat treatment. For example, 
soft steel containing 0.10% carbon would be expected 
to have a tensile strength in the as-rolled condition of 
something like 52,000 psi., while steel containing 0.35% 
carbon in the similar condition would have a strength in 
the neighborhood of 85,000 psi., an increase of roughly 
1300 psi. for each increase of 0.01% of carbon, although 
the other elements present may modify these figures. 
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If a sample of each is heated to a suitable red heat and 
quickly cooled in water, the tensile strength of the 0 . 10 % 
carbon sted will be little affected, but the 0.35% carbon 
steel might increase in hardness so that it would have a 
tensile strength of something like 100,000 or 200,000 
psi. depen^g on how quickly it was cooled, and on the 
other elements (particularly manganese) present. The 
0.35% carbon sted, after b^g quench^, might be too 
hard to ^e and so brittle that it could not yidd without 
breaking. 

This is of particular interest to wdders because some 
parts of the parent metaj. near a wdd cool quite rapidly 
if the surrounding metal is cold. The sted that has be¬ 
come too hard can be considerably softened by reheating 
to 1100 or 1200° F. It can be still further softened by 
heating to a higher temperature, but if the temperature 
is above the “critical point” (about 1500° F. for 0.35% 
carbon sted), it must be cooled slowly to prevent re¬ 
hardening. However, if wdding has been done on cold 
sted, it is possible that cracks will start during cooling, 
and no subsequent heat treatment can heal the craclra. 

The physicd properties, when known, give some hint 
as to the <^emical composition. If the ten^e strength is 
not over 65,000 psi. in the as-rolled condition, the sted 
will likdy be low in carbon and low in allo)^, and have 
little hardenability. It will usually fall in Group P No. 1 
referred to bdow. However, the chemical composition 
should be known when planning the wdding procedure. 

The Aubricak Welding Sgobty’s Standard Quali¬ 
fication Procedure divides material into a number of 
groups under “P” numbers, the grouping being such 
that a wdding procedure that is qualified using any one 
of the materials may be considei^ as qualified for all 
in that group. P No. 1 covers plain carbon stedS having 
a carbon content not exceeding 0.30%, a manganese 
content not exceeding 1 . 10 % and a siHcon content not 
exceeding 0.50%. In addition, the carbon content shall 
not exceed the value 0.55 — (Mn -f Si)/(4). 

In other words, manganese and silicon Imve about one 
fourth the hardening ^ect of the same percentages of 
carbon. This indudes mild sted that can be wdded 
without preheating unless the surrounding temperature 
is very low. 

The effect of low temperatures on wdding has been 
the subject of considerable discussion and research. 
The thickness of the plate, size and shape of the object, 
composition of the sted and the service expected from 
the finished product are all factors to be considered. 
The writer’s experience leads him to believe that there 
is little difficulty with material V 4 in. and thinner as 
long as the wdder can work in reasonable comfort. 
For thick material, it would appear that trouble is likely 
to devdop as the temperature approaches freezing. 

The ne^ of subsequent heat treatment, particularly 
stress relieving, will depend on about the same factors 
as mentioned above in rdation to the minimum tempera¬ 
ture for wdding. Codes and specifications usually state 
whether stress relieving is required. These are the result 
of a great deal of work and experience and are normally 
safe guides. 

The second group of material given in the Standard 
Qualification Procedure and designated P No. 2, covers 
wrought iron, and the third one covers sted of slightly 
higher carbon than P No. 1. Preheating to 350° F. 
is suggested. This agrees well with the writer’s ex¬ 
perience. Alloy steels are induded in other groups, each 
one requiring a wdding procedure adopted to its proper¬ 
ties, particidarly its l^denability. This is greatly 
modified by the presence of allo)^, particularly molyb¬ 
denum. The tendency to harden is very greatly reduced 
by preheating the sted before wdding, bemuse it reduces 
the rate of cooling. As far as the writer’s experience goes. 


sted having 0.35 carbon should usually be preheated, 
although the other dements in the sted, as well as the 
size and shape of the parts being wdded, affect the prob¬ 
lem. For example, two bars ’/• x 3 in. might be \^ded 
end to end and there would be enough heat in the work 
from wdding to prevent too sudden cooling even if there 
is no preheating. On the other hand, if large plates 
ly* in. thick were being wdded together, there would 
be a great deal of cold metal around the molten pool and 
cooling would be quite rapid. Preheating would be re¬ 
quired to prevent cracking. 

/ It will be hdpful to consider the behavior of carbon 
and other hardening dements when sted is heated. 
In ordinary sted at room temperatures, the carbon is 
combined with the iron to form a chemical compound 
called “cementite” and represented by the chemical 
formula FeiC. This means that three atoms of iron are 
combined with one atom of carbon. There is not enough 
carbon to combine with all the iron, and the remaining 
iron, practically free from carbon but containing some 
other dements, is called “ferrite.” If the sted h^ been 
cooled slowly from a red heat, the carbon-iron compound 
will take a form like that shown in Fig. 1. This photo¬ 
micrograph was made by carefully polishing a specimen 
of sted containing 0.25% carbon that had been cooled 
slowly from a red heat, and slightly etching its surfa<^ 
with 1% of nitric add in pure alcohol. The cementite 
has drawn together in irregular layers or plates separated 
by layers of ferrite. These show at the polished surface 
as a series of lines something like a fingerprint, as shown 
in the figure. The layers of cementite and ferrite combine 
in such proportions as to contain approximatdy 0.85% 
carbon. This particular specimen contains less than 
0.85% carbon so that the excess iron or ferrite is sepa¬ 
rated in the white patches shown in the photomicrograph. 
The fine lines are grain boundaries between individual 
grains of ferrite. The areas covered with fine, nearly 
paralld dark lines, called “pearlite,” represent ^e part 
containing approximatdy 0.85% carbon. If the sted 
itself contained 0.85% carbon, it would be all pearlite. 

In this condition the carbon adds something to the 
hardness and strength of the sted as shown in the 
comparison of steels containing 0.10% carbon and 0.35% 
carbon referred to above. When the sted is heated to 
approximately 1350° F. the carbon dissolves in the iron 
forming what is called a solid solution. The carbon atoms 
are much smaller than the iron atoms and are scattered 
in the spaces between the iron atoms something like a few 
grains of com, evenly distributed, in a barrd of apples. 
In this condition it is given the name of “austenite.” 
At this particular temperature, the solid solution is 
saturated and it cannot take up the rest of the iron or 
ferrite. The result is a large number of islands of aus¬ 
tenite where the pearlite had existed when the sted was 
cold. 

As the temperature is further increased the austenite 
takes up more iron redudng its carbon content tmtil at 
about 1550° F. all the iron will be in solution and the 
sted will now be a "solid solution,” i.e., austenite, con¬ 
taining, of course, 0.25% carbon for this sample. 

If the metal is cooled slowly, iron or ferrite will be 
throwfl out of solution at the grain boundaries, the 
amount of ferrite increasing as the temperature decreases. 
Eventually enough iron will leave the austenite to bring 
its carbon content up to 0.85% when it will form pearlite 
again. 

To make these transformations, the carbon atoms have 
to actually move short distances through the iron and this 
takes time. Likdy the carbon atom coUoides with iron 
atoms and is retarded in its movement something like a 
person hurrying through a crowd. At any rate, the re¬ 
arrangement is not complete if the metal is cooled rapidly. 
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Fia. 1—Pearlite and Ferrite in Annealed 0.25% Carbon Ilg. 2—Martensite in Hardening Region of Foaion Zone No. 
Steel 3140 Steel 


It^eems possible that if the steel could be cooled rapidly 
enough, no rearrangement would take place and we would 
have austenite at room temperatures. That is not prac¬ 
tical in this grade of steel using present equipment, but if 
certain elements are added to retard the rearrangement 
of the carbon atoms (for example, 15% of manganese and 
more carbon), the steel is actually austenitic at room 
temperature. 

With rapid cooling of ordinary steel containing con¬ 
siderable carbon (say, 0.50%), a partial transformation 
takes place which renders the material hard and brittle. 
This is what happens when we harden tool steel which 
usually contains something like 1% carbon, or some¬ 
what less carbon reinforced with other hardening ele¬ 
ments. 

This has a very practical bearing on welding procedure 
since the metal may be cooled very rapidly by surround¬ 
ing cold metal. Figure 2 shows a photomicrograph of 
the heat-affected zone near a small weld on No. 3140 
steel. It hna the typical, needle-like structure of hard¬ 
ened steel and is called “martensite.” If the steel had 
been preheated, the rate of cooling would have been 
reduced and hardening would have b^n less severe. 

As the steel is reheated there is a gradual tendency for 
the carbon to draw together and gradually approach the 
annealed structure with a loss in hardness of the steel. 
This effect increases with increased temperature and 
also with time. At something like 1400° F. the softening 
is nearly complete. 

Naturally, mechanical strains are introduced into the 
metal as the hot weld metal cools and contracts and the 
<x)ld rigid metal around the weld resists the contraction 
of the metal that has been heated. If the metal is soft 
and ductile, it will deform enough to limit this stress and 
no failure wiU result. If a wdd is deposited on high 
carbon or some types of alloy steel without preheating, 
cracks may develop during cooling. Of course, no subse- 
-quent annealing or other heat treatment will heal the 


cracks, although stress relieving at 1100 to 1200° F. 
will relieve most of these contraction strains. 

The allo 3 ring elements, nickel, manganese and molyb¬ 
denum are very effective in retarding the transformation 
as steel cools, with the result that a moderate rate of 
cooling will produce about the same hardness as a more 
rapid cooling of plain carbon steel. We are confronted 
with sometl^g of a paradox in that if the composition 
and heat treatment are such as to produce an austenitic 
steel, e.g., high manganese steel, the material is quite 
tough. If there is a little less alloy or if the rate of cool¬ 
ing is slower, martensite or hard brittle steel results 
and if the alloy is still lower or the rate of cooling slower, a 
soft tough annealed steel may result. The explanation 
offered is that, if austenite is formed, the carbon atoms 
are scattered as individuals through the steel and they 
have little ability to key or bind the iron atoms in place 
so only moderate hardening results. When martensite 
is formed the carbon and iron atoms assume a formation 
and grouping that has the maximum hardening effect 
while, in the annealed steel, there is considerable ferrite 
(even in the pearlite areas) and the grouping of the carbon 
and iron atoms is such as to have the least hardening 
effect. 

A study of steel containing various percentages of 
manganese will illustrate this idea. St^ with 0.5% 
manganese may be heat treated as plain carbon steel 
but we find that an increase of 0.04% manganese has 
about the same hardening effect as an increase of 
0.01% of carbon. Steel that contains 1.5% manganese 
will harden with a relatively slow rate of cooling. 
For example, it might become file hard if quench^ 
in oil, w^e steel of similar carbon content but low 
manganese wotild require the more rapid cooling re¬ 
sulting from a water quench to produce the same hard¬ 
ness. At 3% manganese we find it almost impossible to 
cool it slowly enough to avoid hard martensite. In fact, 
such steel cooled in a ftumace overnight may be hard and 
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brittle, while plain carbon steel cooled with it will be 
fully annealed. When we experiment with steel contain¬ 
ing 1% carbon and 6 or 8% manganese, we find that slow 
cooling makes it hard and brittle (martensiUc structure). 
If it is heated to about 1825® F. and quenched in water, 
it will be austenitic. While austenite is harder than an¬ 
nealed steel, it is quite tough. With more manganese, 
say, about 14%, ordinary slow cooling will give us the 
tough austenitic steel. It is believed that ^e natural 
or stable condition of this steel, if cooled extremely slowly 
would be pearlitic like annealed plain carbon steel but, 
for all practical purposes, this can be considered as im¬ 
possible. However, slow cooling will sometimes tend to 
develop martensite and make this kind of steel hard. 
That is the reason that austenitic steel parts are often 
quenched to toughen them and this is alro done to high 
manganese hard facing material deposited by welding. 

The above theory has a very practical application in 
welding. When wading rod containing something like 
1% carbon and 14% manganese is deposited on plain 
carbon steel as a hard face, there is naturally a layer be¬ 
tween the weld and the parent metal where there is a 
mixtiu-e and manganese may be present in any percent¬ 
age between that of the filler metal and the plate. Some¬ 
where there will be a layer of 3 to 5% manganese and 
it will be hard and brittle. This does little hmm in parts 
that are to be subjected to mild wear from sand, earth 
or other light particles. In other applications where there 
is very severe pressure and there may be some deforma¬ 
tion, it will often happen that cracks will develop in the 
hard layer and the hard face will scale off. A cure for 
such difficulty consists in using filler metal containing 
alloys that prevent this, or in depositing a layer of ma¬ 
terial free from this tendency on the plain carbon steel 
and depositing the hard facing manganese steel on top of 
that. 18-8 stainless steel filler metal is a favorite material 
for the intermediate layer because it is tough and does 
not seem to produce a brittle layer when mixed wth the 
plain carbon steel base metal or the high manganese filler 
metal. 

Stainless steel of the variety referred to as 18-8 is 
also an austenitic steel. It contains approximately 18% 
chromium and 8% nickel. It is believed that the tem¬ 
perature at which the austenite to pearlitet ransformation 
takes place is lowered to room temperature, so it is really 
a different class from the maganese steel referred to 
above. The stainless steel has a peculiarity that is of 
interest to welders also. If stainless steel containing 
more than a certain amount of carbon (something like 
0.03%) without columbium or titanium is heated to 
about 1500° F. (red heat) and held for some time, the 
carbon unites with chromium and precipitates at the 
grain boundaries. This robs the steel of chromium ad¬ 
jacent to the precipitated carbides and makes it vulner¬ 
able to corrosion, which proceeds along the grain bound¬ 
aries. If the steel is heated to 1700 or 1800° F. (yellow 
heat), the carbon and chromium go into solution; i.e., 
they diffuse through the steel. If it is now cooled quickly, 
the carbon and chromium do not have time to migrate 
and precipitate at the grain boundaries and the stainless 
property is restored. 

^metimes, when stainless steel sheets are welded, 
there is a band along each side of the weld that stains or 
corrodes while the weld itself and the unheated metal 
will be stainless. In this case the weld has been hot 
enough and cooled quick enough to avoid carbon pre¬ 
cipitation with its loss of the stainless property. On 
each side of the weld, the metal has been heated to some¬ 
thing like 1500° F. and suffered carbide precipitation and 
so lost its stainless property. The steel can be rendered 
stainless again by heat treatment, but that is sometimes 
impractical. The trouble can be prevented by using 


sheets and filler metal that are extremely low in carbon 
but that is rather costly. The most practical solution 
in many cases consists in the use of steel containing a 
stabilizing element (usually columbium or ti tanium ) 
that prevents the carbon precipitation. 

Molybdenum is an element that has a powerful ten¬ 
dency to retard the transformation that occurs during 
cooling. In the percentages used in high pressure steam 
pipe, that is about 0.5% molybdenum with 0.35% car¬ 
bon, it has a very definite tendency to cause hardening at 
the fusion zone. It is usually necessary to preheat the 
work to about 550° F. before welding, keep it hot during 
the welding operation and stress relieve the work before 
it is allowed to cool. If this is not done there is danger of 
cracks at the fusion zone. Sometimes the cracks are 
microscopic in size but even such small cracks are serious 
because they tend to spread. 

It is believed that the above will give a key to the 
reasons back of many of the factors in established weld¬ 
ing procedure, but there is a great deal more that could 
be included regarding the physical properties and chemi¬ 
cal composition of the metal. There is one more factor 
that is believed to be an important cause of cracking, 
viz., multiaxial stresses. This may be explained as fol¬ 
lows: 

When a bar of tough metal is pulled in two in a testing 
machine, its diameter or size decreases as the length in¬ 
creases. This ability to yield without breaking is the 
cause of toughness. If the material is of such a composi¬ 
tion or has had a heat treatment that raises the yield 
point to equal the ultimate strength, it will naturally 
break without yielding, and be classed as “brittle.” 
The relation of the expansion and contraction with heat 
to the rigidity of met^ is such that only a few hundred 
degrees change in temperature is needed to stress the 
steel to its yield point. Generally in welding the contrac¬ 
tion stresses exceed the yield point but the yielding or 
“plastic behavior’’ of the met^ allows it to adapt itself 
and avoids cracking. 

The contraction that occurs when the metal is above a 
red heat does little harm unless the metal is “hot short,” 
that is, brittle at elevated temperatures, because it ac¬ 
commodates itself to the new shape without cracking. 
In other words, the yield point is low at a red heat and 
the stress is practically limited to that value by the 
3 delding. The maximum contraction that can occur 
below ^e red heat with most material being welded is 
less than 1%, but we often see weld metal that would 
stretch more than 30% in the testing machine, but 
cracks due to welding stresses with very little stretching 
or plastic deformation. 

When the steel is stretching in the testing machine, 
one particle is sliding past the others so that it can change 
length without mu^ change in volume. If there were 
any way of preventing its decrease in diameter, the 
particles would pull apart without much deformation. 
In other words, ^e steel would be brittle. If the center 
of a sphere of steel were cooled from a liquid state while 
the outside remained cold, there would be tension in 
every direction and little tendency for the stresses to be 
relieved by one particle sliding past others. It might be 
possible to cause cracks in soft and tough material that 
way. Something like that happens when weld metal in 
thick plates cools. It is under tension in every direction 
and sometimes cracks, rather than relieves the stress by 
yielding. With thin metal, say, plates hi. or less in 
thickness, there is little difficulty from this source, 
and it is believed that the stress is limited by deformation 
proceeding from the sides. With material 1V» to 2 in. 
thick the trouble is much worse. 

If the job is stress relieved and does not crack before 
it is heated, there is little to fear. At the stress-relieving 
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temperature the metal can yield to relieve the stress. 
If it is not to be stress relieved, or if there is danger of it 
cracking before reaching the stress-relieving tempera¬ 
ture, preheating will help. Sometimes preheating is not 
pr^tical. Peening will solve the problem in many cases, 
but the peened metal is “work hardened.” The “work 
hardening” is largely removed when a new layer is de¬ 


posited on the peened metal. For this reason it is a good 
plan to avoid peening the last layer when that can be 
done without danger of cracking. 

To sum up the matter, it may be said that fusion 
welding is the art of adding liquid metal to the liquid 
surface of cooler metal without causing objectionable 
changes in properties or dangerous internal stresses. 


Binding Agents for Flux Coatings, 
Their Composition and Production 

By W. Andrews 


E APiY experimenters, interested in the improve¬ 
ments to be effected in the behavior of a metallic 
arc electrode when coated with certain fluxing 
materials, fotmd, already to hand, a suitable means of 
applying the mixture they wished to use to the core wire 
of the dectrode. Sodium and potassium silicates, long 
widely used in the soap-making and other industries, 
•proved ideal for making a strong, permanent coating, 
which fused easily and regularly; the resulting welding 
sl^ proved to be more fluid, and more easily handled, 
than when minerals alone were employed, and the flexi¬ 
bility which these inorganic adhesives permitted in the 
manufacturing process made them almost ideal as bind¬ 
ing agents for flux coatings. To the present day their 
excellent qualities in this respect have proved so out¬ 
standing that very few, probably less than 1%, of the 
commercial electrodes of all types now being manu¬ 
factured, do not contain either of both ingredients. From 
time to tim e substitutes have been proposed for various 
reasons, either to provide a more moisture-resistant 
coating, or to improve the electrical properties, or for 
other ends. These have, in most cases, directed atten¬ 
tion to the possibilities of different organic adhesives 
and, apart from the more obvious gums and resins, men¬ 
tion has frequently been made of some of the new plas¬ 
tics for the purpose. 


Alkaline Silicates 

The fact that the alkaline silicates still retain their 
overwhelming lead in the commercial field shows that the 
disadvantages of the proposed organic substitutes con¬ 
siderably outweigh the suggested advantages. One im¬ 
mediate drawback is the fact that few of those, effective 
enough to give a coating of the necessary physical hard¬ 
ness and stability, are free from objectionable fumes 
during primary decomposition and, in many cases, the 
complete combustion of the adhesive in the arc interferes 
with the behavior of the welding slag, and the quality of 
the weld metal, in a deleterious manner. In most cases 
absorption of carbon into the weld metal tends to occur, 
and this is undesirable in the case of most alloys to be 
arc welded. 

The periodic proposals, however, to use other ma¬ 
terials for the purpose show that the alkaline silicates, 
admirable in many ways as they are, have disadvantages 

* Reprinted from July and August issues of fPeldint. 


under certain conditions which render alternatives de¬ 
sirable, provided they have certain essential properties. 
In order to understand the reasons why the sUicates fail 
to be 100% satisfactory under all conditions some under¬ 
standing of the chemical compositions used and the 
methods of appl 3 ring them is required. Thus a brief 
description of these characteristics is not out of place as 
an introduction to the later arguments. 

Sodium and potassium silicates are made by fusing 
the appropriate alkali, usually in the form of carbonate, 
with a pure source of silica, such as silver sand, crushed 
high-grade quartzite, etc. The result is a glass which is 
water soluble, because the stabilizing elements, such as 
lime, which form insoluble sUicates, and thus protect 
ordinary glass from water, are omitted. In the massive 
form these silicates dissolve very slowly, and the eom- 
mercial solutions are made by heating with water in 
autoclaves. They are not chemical compounds in the 
ordinary sense of the word, in that the ratio of alkali to 
silicate present in solution may vary between infinity 
and the limit of capacity of the alkali to maintain silica 
in colloidal solution. Their composition is most con¬ 
veniently referred to the molecular ratio of the two con¬ 
stituents present, and the solutions used for the com¬ 
pounding of electrode coatings generally vary between 
the limits of one molecule of alkali to two of sUica and 
one to four, respectively. More alkaline solutions are 
made for special purposes, but would be too unstable to 
moisture for permanence in electrode fluxes, and it is 
doubtful whether the two to one, silica-alkali, grades 
are really sufficiently resistant to moisture in this respect. 
Naturally, the more aflcaline the silicate the greater the 
quantity which will dissolve in water, so that a com¬ 
promise must be made between the specific gravity of the 
solution used, which controls the quantity of soluble 
silicate, relative to the other constituents, obtainable in 
the finished flux, and the alkalinity of the silicate, which 
affects its permanence. For electrode fluxes a molecular 
ratio of one molecule of alkali to three of silica is probably 
most suitable all round, and this ratio combines a suffi¬ 
cient degree of solubility to give a solution of adequate 
strength and viscosity, together with good resistance to 
atmospheric conditions, particularly as regards moisture, 
in the finished electrode coating. Potassium silicates 
have higher solubilities at high alkalinity ratios than 
sodium silicates, but this is reversed with low alkalinities. 
The sodium silicates are more viscous and stickier than 
equivalent potassium solutions and, consequently, are 
rather more difficult to dry completely. 
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Drying Silicates 

The effectiveness of the silicates as adhesives, in form¬ 
ing coatings, depends theoretically upon the fact that the 
silicate solution is a liquid the viscosity of which increases 
very rapidly to a high value while the water content Is 
still appreciable. Thus the liqmds can be used over a 
wide range of dilution, and merely require drying until 
the moisture content is reduced sufficiently for 1^e silicate 
to harden. Drying must be carefully carried out, es¬ 
pecially when s(^um silicate is used, because it is easily 
possible to form an impermeable outer skin on the outside 
of the flux covering of the electrode, the interior remain¬ 
ing soft and moist. Thus, during welding, when the core 
wire of the electrode begins to heat by resistance and 
conduction from the arc, swelling of the flux coating 
may occur, and the performance of the fltix is conse¬ 
quently completely erratic. For this reason, when it is 
suspected that electrodes are faulty, due to incomplete 
initial drying or deterioration in storage, they should be 
properly re-dried in a suitable oven, and welders should 
not be |>ermitted to attempt to dry them hastily by short¬ 
ing current from the welding machine through ^e core 
wire, as is sometimes the practice. 

The silicate solutions normally used contain, as sup¬ 
plied, an average of 40% of solid silicate. In the average 
commercial electrode the dried flux coating should never 
contain more than 2 Vi% of moisture in the silicate bond, 
and the amount is, in xnany cases, considerably less, 
sometimes less than 1%. '^us the great bulk of the 
water is removed, but the remaining amount of silicate 
moisture is retained with considerable tenacity, and it is 
easily shown that the silicate must actually melt before 
the whole of the original moisture is expell^. It has re¬ 
cently been sun^est^* that moisture, present in the con¬ 
stituents of the flux coating of a metaffic arc-welding elec¬ 
trode, may be reduced to hydrogen during fusion of the 
flux in the arc, and because, of course, the resultant weld¬ 
ing slag and the molten metal of the core wire are in 
contact until solidification, the weld metal becomes 
charged with hydrogen from this source. Hydrogen is 
known to have an adverse effect on the behavior of some 
steels, particularly alloy steels, during high-temperature 
operations, and it has l^n shown that improvements on 
the welding of alloy steds have been obtained when 
fluxes have been compounded to be as free from combined 
moisture as possible. While, however, it is comparatively 
easy to choose anhydrous minerals for the principal flux 
constituent it is not easy, tmder commercial conditions, 
to eliminate moisture completely from the silicate bind¬ 
ing agent. The amount present can nevertheless be 
reduc^ to a minimum by ffigh pressure mixing, and ex¬ 
trusion of the flux on to the core wire, and subsequent 
high temperature drying, and electrodes, produced under 
these conditions, have superior flux coating stability, and 
generally show superior resistance to ciack formation, 
either in the weld metal or in the parent metal. 


Effect of Moishure in Electrode Fluxes 

It is not proposed to deal with this question at further 
length in the present article, as reseat into the ques¬ 
tion of the effect of moisture in electrode fluxes is still 
being carried out. It is by no means certain that the 
total elimination of the moisture of the silicate is neces¬ 
sary or desirable, in all cases, since the indications are 
that, apart from any metallurgical effects on the weld 
met^, its effect on the physical properties of the welding 
slag may be important. Experiments with fluxes, com¬ 
pounded to be completely anhydrous, but otherwise simi¬ 


lar to the types commonly offered by commercial manu¬ 
facturers, suggest that the presence of a certain minimum 
percentage of moisture in the flux is of ^^ue in reducing 
the interfadal tension between the molten slag and weld 
metal, and thus improving the “spread” or wetting action 
of the slag. Moisture, in controlled amounts, may thus 
be largely responsible for the good surface finish which 
is a primary aim in present-day electrode production, 
and its complete elimination might necessitate increases 
in the amount of flux present in order to ensure that the 
weld metal was completely covered, and thus obtain a 
smooth stirface to the weld deposit. Observation of the 
finish of Unionmelt welds, the only completely anhydrous 
metallic arc-welding process for niild steel in regular com¬ 
mercial operation, suggests that the fine surface appear¬ 
ance associated with &is t 3 q>e of welding is partly due to 
the large volxune of molten slag form^, and that the 
reduction of the amount of flux, available in the arc, to 
the equivalent ratio of flux and metal, present in the 
average hand electrode, would result in a considerably 
inferior surface appearance. 


Welding of Aluminum 

These considerations refer to the bulk of commercial 
electrodes available at the present time, the vast major¬ 
ity of which are intended for welding mild steel, or sted of 
low-aUoy content. They also apply to some nonferrous 
metals and alloys, and to most of the austenitic stainless 
steels, satisfactory electrodes, with fluxes bound by 
alkaline silicates, having been introduced for many of 
these materials. There remain, however, a numb^ of 
cases, commercially unimportant perhaps, where ortho¬ 
dox use of silicates does not, for some reason, appear 
capable of giving completely satisfactory results. One 
special case where silicates are unsuitable, both because 
of difficulty in application, and because of the.metal- 
Itugical effect of the residual moisture they retain, is in 
the welding of aluminum. Investigators, in devdoping 
nonporous metallic arc wdds for the chemical industry,* 
found that aU moisture must be eliminated from the flux 
constituents, and adopted fused flux coatings for this 
reason, both silicates and organic binders failing to meet 
this requirement. 

Apart, however, from this minor drawback to the all¬ 
round suitability of alkaline silicate solutions, it is prob¬ 
ably highly desirable from the point of view of research 
into metallic arc wdding gene^y that other methods 
of attaching fluxes to the core wire should be available. 
Much research is carried out, in laboratories engaged on 
the devdopment of arc wdding, with dectrodes which 
are intended soldy to provide wdd metal of different 
characteristics for the study of the metallurgy of the 
process, and alternative methods of compounding the 
various fluxes are an advanb^e in studying the char¬ 
acteristics of the silicates themsdves. As has already 
been stated, much work has been carried out with or¬ 
ganic materials of which a large number are available 
for the purpose. The fidd of inorganic chemistry in this 
respect is much more limited, however, and a description 
of two new classes of inorganic adhesives for binding 
dectrode fluxes,* for which patent applications have 
recently been made, may be of interest to research work¬ 
ers in riiis industry. The first of these is based upon the 
principle that other amphoteric oxides than silica exhibit 
adhesive properties when similarly used as alkaline solu¬ 
tions. Of these alumina is the most obvious, and has 
been previously proposed for the purpose, but, in order 
to ensure effective use of almnina in place of silica, 
certain precautions must be stringently observed. 
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Use Sodium Aluminates 


Aluminate Coatings 


It conveniently occurs that sodium aluminate, the 
corresponding salt to sodium silicate, is of great value in 
water softening, and large quantities are commercially 
manufactured for this and other purposes. For this 
process the material must be completely water soluble, 
and is produced as a white powder containing approxi¬ 
mately 1^/t molecules of alk^ to 1 molecule of alumina. 
Being dried in the manufacturing process, the amount 
of water it contains is small, of the order of 3%, and it is 
somewhat hygroscopic, and must be protect^ from the 
atmosphere during storage, though deterioration in this 
respect is comparatively dow. The corresponding potas¬ 
sium salt has been made in small quantities for experi¬ 
mental work but is not, apparently, in demand for com¬ 
mercial purposes and, therefore, not readily available. 

These alkaline aluminates are much more readily 
water soluble than the parallel silicates, and do not need 
to be subjected to autoclaving to dissolve completely. 
They are thus readily used in powder form and can 
be weighed with the other constituents of the flux, water 
being added during the wet mixing process. They are, 
however, more sensitive to reaction with certain normal 
flux components than are the silicates, and may also 
react with impurities present in mineral sources of some 
ingredients, to the pme form of which they are com¬ 
pletely neutral. Thus their scope in commercial applica¬ 
tion is probably very much more restricted, though such 
limitations are readily overcome where they are us^ only 
for research purposes. 


Fluorides 

The second type of inorganic binding agent is based on 
the fact that certain of the insoluble alkaline, and alkaline 
earth, fluorides can readily be precipitated from highly 
concentrated solutions in colloidal form. In this condi¬ 
tion they can be quite strongly adhesive, and can be used 
to bind together, into a strong coherent coating, other 
ingredients required to form a complete flux mixture. 
The technique of handling these fluorides is simple, but 
must be strictly adhered to if satisfactory results are to be 
obtained. In their best condition they are not as strong 
as silicate coatings, but compare favorably with many 
of the organic binders used for applying the coatings for 
some nonferrous metals, and are no^ygroscopic and 
moisture resistant to a marked degree. 

The aluminate coatings incorporate what is essentially 
a binding agent of high melting point, in contrast to sili¬ 
cate coatings, and are more suitable for use on ferrous 
core wires, including the stainless steels and related 
alloys of high melting points. The fluorides are more 
suitable for nonferrous metals, particularly copper base 
alloys, and are capable of giving interesting rekilts with 
these, and aluminum and its allo 3 rs. Little development 
work has been published on either of these principles, 
and it is in the hope that the availability of details of 
how to employ these newer types of binding agents may 
stimulate ftirther research on the question of the be¬ 
havior of metallic arc fluxes in general that the informa¬ 
tion herewith described is being published. Because of 
their very different characteristics each type is separately 
described. Both are really suitable only for paste- 
extruded coatings, and, while electrodes manufactured 
by slurry dipping are practicable in both cases, they are 
so much more troublesome, and extrusion as a manufac¬ 
turing process has been so widely adopted that attention 
has t^en confined to this process throughout. 


The commercial sodium aluminate powder contains 
approximately 42% sodium oxide and 53% aluminum 
oxide, the remaining 5% comprising about 3% of 
moisture, and small amounts of iron oxide, silica and 
other incidental impurities. It is quite ea^y handled 
and weighed by normal methods and, though hygro¬ 
scopic, cakes only slowly in moist air. For use in experi¬ 
mental electrode coatings it is dry mixed with the other 
flux constituents, and may then be wet mixed in mixers 
of similar design to those used for ordinary silicate pastes. 
The procedure in wet miring must be designed to form, 
in the first place, a highly concentrated solution, in water, 
of the sodium aluminate. The amount of water added is 
critical, since a small excess rapidly forms too dilute a 
solution and the paste rapidly l^omes a slime, and too 
little prevents adequate wetting of the neutral con¬ 
stituents of the mixture, and causes the development of 
heat, due to mixing friction, which may drjr the powder 
completely, and cause reaction troubles with such con¬ 
stituents as ferroalloys, due to the high alkalinity of the 
aluminate. 


The Kfixing Operation 

Because of the critical nature of the mixing operation 
at this stage, pressure mixers, in which the paste is 
forced, by piston pressure, into contact with eccentric 
mixing rollers, revolving at high speed, are more suitable 
than ^e ordinary open-type mixer with slowly rotating 
blades. The latter, which are apparently quite adequate 
for the much less viscous silicate solutions, have too 
slow an energy output for really satisfactory mixing with 
those sodium aluminate solutions which, at the con¬ 
centration found most effective, give a final mixture of 
almost rubber-like toughness and plasticity. Open 
mixers, however, can be used if a sufficient mixing 
time is allowed. 

The amount of dry sodium aluminate used in propor¬ 
tion to the dry weight of the total flux mixture may vary 
within fairly wide limits without affecting the streng^ 
of the final coating seriously, but it has been found that a 
proportion of approximately 10% 1^ weight of the total 
weight of the mixture is the best compromise. Among 
the remaining ingredients, used as components of the 
whole flux, ^ould be a proportion of alumina (finely 
ground calcined material seems to be quite effective) or, 
^tematively, chemically prepared titanium oxide, or 
zirconium oxide (not mineral rutile or zirconia) may be 
used. Whichever oxide is used the amount ^ould be 
not less than one quarter of the weight of the aluminate 
in the flux. The reasons for the use of these materials 
will be explained later. 


The Ktixing Ecjuipment 

The very greatly increased viscosity of concentrated 
sodium aluminate solutions, as compared with silicate 
solutions, is shown first by the different mixing times 
found necessary to obtain a homogeneous dispersion of 
the binding agent when used in the same type of mixing 
equipment. With the open t 3 rpe of rotating arm mixer, 
using equivalent weights of powders, wet mixing times 
of 10 to 20 min. are usually considered adequate when 
silicate solutions are being used. The same quantity 
of an aluminate paste requires between 2 and 2^/t hr. 
before it is properly mix^, the latter conditions l^ng 
evident by the development of a completely cohesive, 
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and plastic, paste, of the consistency of soft rubber. The 
latter condition, in the aluminate paste, can be achieved 
with less than 10 min. treatment in a pressure mixer, 
such as is used for treating rubber and plastic com¬ 
pounds. The wetting capacity of the silicate solution is 
obviously very much greater than that of an aluminate 
solution, but the great differences in mixer performance 
on the more viscous solution suggest that insufficient 
attention may have been paid in the electrode manu¬ 
facturing industry to the question of wet-mixing effi¬ 
ciency. With the growth of high-pressure extrusion 
processes the tendency to reduce the proportion of sili¬ 
cate present in the wet mixing process has necessarily in¬ 
creased, and comparatively dry, noncohesive pastes 
are now employed for extrusion by most manufacturers. 
Under these conditions improved dispersion of the ad¬ 
hesive binder may not appear to have any obvious ad¬ 
vantage, but it is suggested that the stability of the 
resultant electrode coating may reflect this quality very 
markedly, and that the matter is well worth closer atten¬ 
tion than it receives at present. 

The highly viscous aluminate solution, therefore, when 
completely dispersed through the remaining flux constitu¬ 
ents, results in a paste of very high plasticity. This result 
is so striking that it is unnecessary to cater for the in¬ 
clusion, among the fluxing ingredients, of such materials 
as mica, kaolin, talc, etc., which are often desirable in 
silicate-bound mixtures, owing to the angularity, and 
consequent high friction, of many miner^ and metal 
powders. It is easily possible, for example, using 10% 
by weight of aluminate in the dry powder and the small 
extra percentage of alumina, titania or zirconia previ¬ 
ously referred to, to plasticize a flux the remaining in¬ 
gredients of which are as abrasive as powdered glass. 
The rubbery nature of the aluminate dispersion is still 
sufficient to allow of easy passage through the restricted 
die orifices of the electrode extrusion machine. Such a 
mixture would be almost impossible of extrusion with a 
silicate binder, without the addition of special slipping 
agents, many of which are now commercially available 
for this specific purpose. 

This v^uable quality of aluminate solutions is counter¬ 
balanced by a much greater susceptibility than the sili¬ 
cates to gel precipitation in contact with many of the 
minerals normally used in electrode fluxes. This problem 
will be familiar to those engaged in handling silicates. 
Certain materials, for example, the borates of the lime 
group, destroy the cohesion of silicate by gradual dis¬ 
placement of tile silica from the solution by the more add 
borate radicle, the lime-group base, and the silica, co- 
predpitating as a micelle, which breaks up the con¬ 
tinuity of ^e remaining silicate solution, and rapidly 
reduces the plasticity of the paste. During subsequent 
drying the electrode coating breaks up, owing to dehydra¬ 
tion and shrinkage of the precipitated complex. Any 
compound, unstable in alkaJi, is liable to cause similar 
reactions; for example, cryolite is unstable in contact 
with alkalies and decomposes slowly according to the 
equation: 

2 Na 3 AlFi -f- 3 (Na 20 - 3 Si 02 ) + 21 H 3 O = 12 NaF + 
9Si(OH)« + 2AI(OH)> 

The silica and alumina are precipitated together. A 
similar reaction, with, of course, alumina only as the. gel 
precipitate, occurs when cryolite is used in an aluminate- 
bound paste. In both cases the reaction is comparatively 
slow, and provided mixing is carried out rapidly, and the 
paste used without undue delay, satisfactory electrode 
coatings can be made. 

Aluminate binders are more susceptible in this respect 
than silicates, for alumina is a weaker acid even than 
silica and, in consequence, the latter displaces it from 


solution, causing gel precipitation, and weakening of the 
binding action. Thus the various forms of silica and the 
more acid tjq)es of mineral sUicates (the felspars, for 
example) are liable to cause trouble unless the rapid 
pressure mixing referred to earlier is adopted. Similarly, 
other compounds, themselves inert to the aluminate, may 
be troublesome if used in mineral form because of the 
presence of a small percentage of silica as an impurity. 
Examples where this trouble is encountered are calcium 
fluoride, in the form of fluorspar, and titanium oxide, in 
the form of rutile. Although carbonic acid itself is prob¬ 
ably too weak to displace alumina, when present in small 
percentages, carbonates of the alk^ine earths often prove 
troublesome, whether in mineral form, due to silica con¬ 
tamination, or as pure precipitated chemicals. In the 
latter case it may be that the presence of a trace of hy¬ 
droxide allows the formation of the insoluble aluminates 
of the alkaline earth metals. The metal lithium shares 
the latter characteristic, and even sparingly soluble com¬ 
pounds, such as the fluoride, cannot, for this reason, 
be used in aluminate mixtures. 

It would appear, at first sight, that the restrictions on 
the use of aluminates as binding agents are too great for 
any but the most limited purposes, but many of the 
difficulties can be overcome by practical means, es¬ 
pecially where, as in the case of silica, for instance, the 
reaction is comparatively slow. Where a slow mixer 
must be employed the reactive constituent can be in¬ 
corporated ^ter the mixture has been plasticized, so 
that it is not exposed to the prolonged rubbing action 
of the mixing process. For research purposes chemically 
pure materials can often be used where, commercially, a 
mineral would need to be employed, for reasons of cost; 
in some cases, digestion of a mineral powder in acid or 
alkaline solutions and subsequent drying is sufficient 
to reduce its reactivity within tolerable limits. The 
principles to be adopted in producing a sound stable 
flux coating using aluminates as the binding agents in 
place of silicates therefore may be listed under three 
headings. 

1. Control of Water Addition 

After the flux mixture containing the aluminate in 
powder form has been thoroughly dry mixed, it is trans¬ 
ferred to the wet mixer, and the necessary amount of 
water, previously fotmd by trial mixes, gradually added 
as the powder is turned over by the mixer blades, if a 
slow speed open mixer is being used. With this type of 
equipment it is better to distribute the water through the 
mass as evenly as possible, but in high-speed pressure 
mixers the water can be added immediately. The 
amount of water used must be very carefully controlled, 
as an excess will quickly dissolve the aluminate, and the 
paste rapidly descends to a slime. With too little water 
the aluminate solution is too viscous, and the paste over¬ 
heats by friction, and dries out before becoming plastic. 
The quantity required depends upon the surface area of 
the whole flux powder mixture, and must be enough to 
ensure a solution of aluminate of just sufficient fluidity 
to wet the whole to the correct degree. 

With correct wetting, and sufficient mixing the paste 
eventually becomes smooth and rubbery in texture and, 
in this state, is ready for extrusion. If kept in a cold 
moist atmosphere it remains in a suitable condition for 
several days, though tending to stiffen slightly, and a 
paste which is too soft can be left until at the right st^e 
of stiffness for extruding. Too hard a paste is readily 
softened, if thoroughly remixed with a minimum addition 
of water. 

2. Exclusion of Reactive Flux Constituents 

Reference has already been made to the various diffi- 
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culties which may be encountered in this direction, and, 
for research and experimental purposes it is usually ad- 
visable to start with pure chemicals, where these are 
obtainable. Where the flux need only contain a minor 
proportion of a compound, known to react fairly slowly, 
such as a mineral silicate, like felspar, this can often be 
successfully included by first plasticizing the remainder, 
and adding the reactive material shortly before the paste 
is needed for extrusion. In many cases trouble is com¬ 
pletely avoided by this procedure, as the kneading action 
of the mixer mechanism is often the main stimulant to 
reaction and, if this is reduced to a minimum by final 
incorporation in an already plastic mix, many materials 
remain comparatively inert. This procedure should be 
limited to less than 30% of the total weight of paste, 
otherwise the stability of the binding agent would suffer, 
due to the final addition being incompletely wetted. 

Where it is desired, for various reasons, to use natiual 
minerals (for example, the crystalline form of a chemical 
compound may be less desirable as a flux constituent than 
that of the same compound in the form of a natural 
mineral), pretreatment of the constituent to remove, or 
reduce, reactivity is practicable. 

3. Stabilising Additions 

A small proportion of al umin a, titania or zirconia, 
should form part of the total flux powder. This addition 
is necessary because commercial aluminate contains ex¬ 
cess of alkali, necessary to give a completely soluble 
product. If this extra alkali is compensated by the 
presence of a proportionate amount of a suitable am¬ 
photeric oxide, the tendency of the final dried coating to 
deliquesce and carbonate is greatly reduced. Alumina, 
which seems to be quite effective in the calcined form 
commercially available, is the logical material to use, 
but chemically prepared titanium and zirconium oxides 
seem also to be suitable. 

Theory of Binding Action 

The setting of these pastes is totally different from that 
observed in cases where silicates are used. The latter, as 
their commercial names suggest, are true gases, soluble 
in water because they contain no other base, such as 
lime, which forms an insoluble silicate. The process of 
drying in this case is thus a continuous increase in the 
viscosity of the three component system, alkali, silica, 
water, to a value so high that it is, in effect, a solid of 
reasonably permanent properties under normal storage 
conditions. Because removal of moisture may, under 
favorable external conditions, be more rapid from the 
outer surface of a paste than the internal diffusion of 
moisture in the paste itself, (hying must be slow, es¬ 
pecially in the more viscous gratles of silicate, otherwise 
there is a tendency for a dry impermeable skin to be 
formed, the interior containing a much higher moisture 
content. This may cause mudi trouble, due to swelling 
of the flux coating in welding. 

Mechanism of Drying 

The mechanism of drying of aluminate-bound fluxes 
appears to be totally different. No precautions to ensure 
slow drying in the early stages after extrusion are neces¬ 
sary, or even desirable. The extruded electrodes require 
merdy to be transferred to a suitable drying oven im¬ 
mediately they leave the machine, preferably in the tem¬ 
perature range 130-150° C., and within 15 to 20 min., 
depending upon their diameter, are set hard. In order 
to avoid cracking of the coating due to thermal stresses, 


if too suddenly chilled, more gradual cooling is desirable. 

The aim of the compounding of the coating in the man¬ 
ner described is to allow of the ultimate formation, in 
the final electrode coating, of the only-partially soluble 
monomolecular compound, in place of ^e very soluble, 
more alkaline salt, commercially manufactured. The 
normal, partially soluble, aluminate crystallizes with 
three molecules of water, forming the compoimd ex¬ 
pressed by the formula Na20Alj03Hs0, the extra alumina 
being added to (Compensate for the excess of alkali. It 
seems from practicaJ experience that other amphoteric 
oxides, in partictilar chemically prepared titania and 
zir(X)nia, are able to form stable complexes in the same 
way, and probably several similar compoimds could be 
found by experiment. The reaction of aluminate setting, 
therefore, seems to be the formation of a supersaturate 
solution of excess alkalinity, in which apparent drying 
occurs as a result of rapid (uystallization of the more 
neutral compound. The crystals of this compound are 
so small that the product is more nearly described as 
(crypto-crystalline, and the binding action is thus effec¬ 
tive, and similar to that of a silicate in toughness, and 
gives a similar ringing sound, when sharply struck in the 
properly dried condition. 

I£gh Hastiedty 

The extremely high plasticaty of these pastes has al¬ 
ready been referred to, and is one of their most valuable 
features, since extrusion difficulties with silicate fluxes 
are a common manufacturing problem. It would appear 
that the high solubility of the aliuninate allows of the 
formation of an extremely concentrated solution, which 
is fluid but of high lubricating capacity. Consequently, 
angular particles of the remaining flux ingredients are 
prevented from interlocking, and causing packing of the 
paste under high extrusion pressures. This allows of the 
manufacture of flux coatings of very high density; a 
result which calls for very high power consumption, and 
the incorporation of extrusion aids such as sodium algi¬ 
nate, sulphonated oils, glycerine, etc., in similar silicate- 
bound fluxes. It is known that modem electrode manu¬ 
facture has resulted in improved electrode performance, 
due to the use of high extrusion pressure resulting in very 
dense, stable pastes and, consequently, the use of alumi¬ 
nate brings advantages in this respect which help to 
(Xfunter its limitations in other directions. 


Physiced Reactions in Fusion 

Observation of the performance of fluxes of the alumi¬ 
nate type has been mainly confined to their use in con¬ 
nection with experimental austenitic stainless steel elec¬ 
trodes. Little information is available on which to base 
theories as to their effects, and the following suggestions 
as to the manner in which they differ from silicate fluxes 
must be regarded as h 3 rpothetical only. The principal 
difference from silicate is that the binding agent is a high 
melting point crystalline compound, NajO-ALjOfSHjO 
(or possibly a more complex compound if titania or zir¬ 
conia are used). In silicate-bound fluxes it appears that 
the silicate, which still contains a proportion of water, 
probably between 20 and 25% of the total weight of the 
binding agent, softens and becomes fluid (being a glass 
it has no fixed melting point) at a comparatively low 
temperature, the other higher melting point flux constitu¬ 
ents rapidly fusing in, and modifying the resultant slag. 
Because of the presence of water as a constituent of the 
silicate a proportion of moisture is probably retained 
in solution in ^e final molten slag, and reactions between 
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this moisture and reducing alloys in the primary flux 
may account for the porosity which frequently occurs 
in the weld metal when highly active s^oys, such as 
titanium, are used in lai^e percentages in fluxes using this 
binding agent. 

The fact that the aluminate paste contains the binding 
agent as a high melting point crystalline compound may 
account for the fact that sotmd weld metal, containing 
comparatively large percentages of titanium, is produced 
relatively ea^y by this means. The interest in this 
problem, which is now mainly academic, arises from the 
fact that titanium was the original successful addition 
to austenitic stainless steels, to stabilize the material 
gainst the intercrystalline corrosion in the weld heating 
zone (incorrectly named "weld decay”). The introduc¬ 
tion of the metal columbium or niobium, to give its 
alternative name, as an equally effective agent for this 
purpose, solved the problem from the electrode manu¬ 
facturer’s angle, but the use of titanium in the original 
steel has con^ued undiminished, and columbium- 
bearing stainless steel weld metal is widdy used in con- 
jtmctibn with titanium-bearing parent metal. In cases 
where, in order to investigate corrosion problems, it was 
desirable to test wdd metal with a titanium content 
equivalent to that of the parent stainless sted plate, it 
h^ been found practicable to produce this, using 
aluminate-bound pastes of the fluoride type; whereas 
silicate-bound pastes appeared to be characterized either 
by a complete loss of metallic titanium in the wdding 
slag, or a hopdessly porous wdd metal. 

Successful dectrodes of this type were characterized by 
an absence of oxidizing constituents, such as carbonates, 
from the flux coating and it is suggested that the sequence 
of fusion may be dMerent from that responsible for ti¬ 
tanium oxidation in silicate slags. The melting point of 
the aluminate would lead to loss of the moisture from 
the crystalline binding agent, before the aluminate had 
dissolved to any extent in the molten slag, the basis of 
which would be the other low mdting point constituents, 
which it was necessary to incorporate in the flux, to ob¬ 
tain a workable decti^e. The tendency would thus be 
for the wdding slag to contain less dissolved moisture, 
and thus less tendency for reaction to occur with the 
active metallic titanium, present among the flux powders. 

This instance of the value of aluminates for compound¬ 
ing of dectrode fluxes is admittedly of limited applica¬ 
tion, but is evidence of a fundamental difference in 
flux behavior, the investigation of which may lead to an 
increase in knowledge of the chemical and physical re¬ 
actions occurring in the metallic arc process. It is hoped 
that investigators, interested in this subject, may be en¬ 
couraged to carry out experimental work on the lines 
indicated. 


Fluoride-Bound Coatings 

It may not be generally appredated that some of the 
alkaline double fluorides, and the alkaline earth fluorides, 
predpitate from solution on colloidal form and, under 
controlled conditions, will dry into coherent masses, 
having suffident mechanical strength to act as binding 
agents, when properly mixed with limited proportions of 
other compounds, desirable in metallic arc fluxes. 
There are two types of reaction involved, each of which 
gives one colloid^ predpitate which is spedally suitable 
for the piupose described. The first is that between 
sodium fluoride and aluminum chloride, giving synthetic 
cryolite according to the equation 

6NaF -H AlCU = Na,AlF, + 3NaCl 
The same predpitate can be obtained, using the add 


fluoride, with liberation of hydrochloric add according 
to the following equation: 

3NaHF, -h AlCU = Na.AlF, + 3HC1 

Both these predpitates are colloidal and, when slowly 
developed from concentrated solutions, can be separate 
as tra^ucent gummy masses which will dry h^ and 
firm. The neutral s^t is more convenient to handle, 
since the hydrochloric add released by the add fluoride is 
troublesome in metal containers which it may be desir¬ 
able to use for mixing. 

The potassium analog of cryolite is also readily pre- 
dpitated in a similar manner, but it is normally s emi , 
flocculant in form and has insuffident of the cohesive 
quality of the sodium salt to be of value as a binder. 
Little work has been carried out on the parallel reactions 
of the other metals of the same group, in which iron and 
chromium replace aluminum, but their existence has 
been noted,^~^ and, in some respects, they appear to 
show similar characteristics. One feature in common is 
the solubility of the double fluoride precipitate in excess 
of the trivalent chloride, and the full investigation of the 
whole of this series of reactions.and solubilities, which 
appears to await more detailed attention, offers a fruit¬ 
ful field for research, promising interesting results for 
analytical and other purposes. It was noted, for instance, 
that aluminum chloride has a high solubility for 
caldum phosphate, and that caldum fluoride is also 
distinctly soluble in this reagent. Solubility reactions 
of cryolite, presumably the natural mineral, have been 
obse^ed and reported on by various investigators.*®"^* 

Apart from the alkaline double fluorides, ^e fluorides 
of the alkaline earths may also predpitate in colloidal 
form, with the exception of barium fluoride which it seems 
impossible to obtain in any form other than well-defined 
cubes. The most suitable for use as a binder for dectrode 
fluxes is caldum fluoride, generated by predpitation 
from dther sodium or potassium fluorides, preferably 
the former, in highly concentrated solutions. It is 
probable that the trivalent fluorides alone, particularly 
that of aluminum, are also highly coUoidd under con¬ 
trolled conditions. Mellor,** in describing aluminum 
fluoride, refers to the gum-like condition of the salt as 
predpitated, but little evidence appears to be available 
of the condition of the analogous sdts of iron and chro¬ 
mium, which probably vary widdy according to the condi¬ 
tions under which they are predpitated. 

Practical Maniptilation 

Experience is at present available on the synthetic 
cryolite, and the caldum fluoride predpitates only, and 
the descriptions of how these may be used is given here¬ 
with, in the hope that ex|>erimental work on the whole 
subject may bie stimulated. It should be noted, of 
course, that patent applications have been made, cover¬ 
ing the use of these reactions in connection with metallic 
arc-wdding fluxes, but research organizations may find 
them of interest in the investigation of the prindples of 
arc wdding and for their benefit, such practical results 
as have been obtained are reproduced herewith. 

There are two ways in which these predpitates may 
be employed to bind a flux formula into a coherent dec¬ 
trode, or wdding rod coating, of reasonable mechanical 
strength and permanence. In both cases it is, of course, 
essential that cryolite, caldum fluoride or a mixture of 
both in any proportions, should be desirable ingredients 
in the coating, as fluxing components, in about &e quan¬ 
tity necessary to bind together the remaining flux con¬ 
stituents. On this account, and because cryolite, in par¬ 
ticular, is sddom fotmd of value in conjunction with 
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ferrous materials, these materials are most useful in con< 
nection with the welding of nonferrous metals and alloys, 
both nickel and copper base, and the light alloys based on 
altiminum. 

To use the binding properties of the precipitates they 
may be directly mixed or precipitated and separated by 
means of a filter press. In direct mixing the alkali chlo¬ 
ride, usually sodium chloride, resulting from the precipi¬ 
tation, remains as a component of the final flux, being, 
in many cases, of suitable characteristics, when fused, 
to ^ compatible with the other constituents. In indirect 
mixing the colloidal precipitate is separated by means of a 
suitable press and ^ded, in the form of a stiff paste of 
controlled moisture content, to the other dry flux pow¬ 
ders, being mixed to give a final paste of suitable consist¬ 
ency for extrusion and drying, ^paration of the colloidal 
precipitates in this manner is a much simpler process 
than direct mixing, and the precautions required are 
merely the avoid^ce of an excess of unprecipitated 
so^um fluoride, by addition of a slight excess of the 
chloride reagent, in the case of both cryolite and calcium 
precipitates. 

Preparation for Direct Mixing 

Direct mixing, in which the precipitation of the col¬ 
loid as the binding agent is carried out in the mixing 
vessel, and the r emainin g flux components added when 
the paste has been brought to a satisfactory consistency, 
requires considerable care in the preparation. For cryo¬ 
lite precipitates it is found most convenient to use dry 
r sodium fluoride powder, which is only sparingly soluble in 
water, and hydrated aluminum chloride crystals, contain¬ 
ing six molecules of water of aystallization. Both of 
these materials are readily obtainable in the commercial 
grade of purity, which is usually adequate for all weld¬ 
ing purposes. The chloride, of course, is extremely 
d^quescent, and should not be exposed to the atmos¬ 
phere longer than is necessary for weighing and handling 
into the mixing vessel. 

For use as a flux paste the two materials are weighed 
out in the proportions of the equation; when cryolite 
is to be used the water of crystallization provides enough 
moisture to allow the reaction to complete itself without 
further additions. When calcium chloride is to be made, 
a suitable grade of calcium chloride is readily available, 
and moisture may be added if required. The two pow¬ 
ders are transferred, without dry mixing, to a mixing pan, 
preferably one of the rotating arm open mixers of which 
several different models are available. In this class of 
mixer the arms rotate at different speeds, and speed of 
mixing, and the rate of energy input, are relatively slow, 
enablmg control of the rate at which reaction occurs to 
be varied as required. This is desirable, since the re¬ 
action is exothermic, and the temperature of the mix 
usually rises very rapidly. 

The two constituents, the sodium fluoride in the form 
of a dry floury powder, and the chloride, aluminum or 
calcium, in the form of fairly soft cryst^s, are simply 
mechanically mixed, until obviously reacting together. 
This reaction, which in the supersaturated condition 
obtaining is apparent as a decided change in the con¬ 
sistency of the mixed powders, is also accompanied by a 
certain heat evolution, which is normally controlled by 
the heat capacity of the mixer but which may cause a 
tendency of the paste toward drying. This should be 
modified by a sufficient addition of water to maintain as 
far as possible the same consistency throughout the 
operation. 

Hie change in the nature of the mixture when the 
reaction commences is unmistakable, as it becomes a 


homogeneous mass of a smooth, creamy texture, from 
which lumps, due to unabsorbed chloride crystals, are 
gradually reduced as the mixture is worked more thor¬ 
oughly. 

The time necessary for the completion of the reaction 
necessarily varies with the particular conditions, and, in 
any case, must be long enough to ensure that the whole of 
one constituent is absorbed. It has already been stated 
that it is desirable to commence with proportions of the 
two constituent powders so graded that while near the 
theoretical quantities called for by the equation, allowing 
for the purity of the raw materials available, a slight but 
d efini te excess of the fluoride component remains when 
all the chloride had been absorbed. The reasons for this 
are that an excess of either constituent will impair the 
binding quality of the dried paste, in the case of cryolite 
precipitates, and a fluoride excess in both cryolite and 
calcium fluoride pastes. However, provided ^at either 
pastes, when reaction is known to be complete, can be 
shown, by suitable tests, to contain only a slight excess 
of fluoride it is sufficient to add a slight excess of calcium 
cUoride to precipitate the whole of this remaining 
fluoride, and obtain a paste which will dry hard and firm 
and remain permanently stable tmder all reasonable 
conditions. 

Even a slight excess of unreacted sodium fluoride ap¬ 
pears to be sufficient to cause a crumbly paste after dry¬ 
ing. This may be because the continuity of the colloid 
precipitate, in the dried state, is destroyed owing to the 
tendency of the alkaline fluorides to the formation of 
ultra-small crystals, and the resultant formation of 
continuous' films throughout the paste, instead of a 
smaller number of large crystals. 

Application of a Chemical Test 

However, carefully the initial weighing of the powders 
may be carried out, it is obviously impracticable, by 
reason of their natures, to be stue that it is always suffi¬ 
ciently accurate to ensure the desired result of a small but 
definite excess of the fluoride, and therefore it is con¬ 
venient when reaction appears to be complete, to apply 
a sensitive chemical test by means of which a small 
sample, taken from the mixer, can readily be tested. It 
conveniently occurs that sodium alizarin sulphonate is 
sensitive both to soluble fluorides and aluminum salts. 
If the zirconitun lake of this salt is generated in hydro¬ 
chloric acid solution it is decolorized by soluble fluorides 
and the test is extremely sensitive, so that tmreacted 
fluoride in the quantities required for the proper balance 
of the mixing reaction are detected with certainty. 
Similarly the sodium alizarin sulphonate forms a r^ 
lake in alkaline solution with aluminum salts, the color 
being stable in the presence of excess of acetic acid. 

The procedure, therefore, in controlling a mix to ob¬ 
tain a small but definite excess of fluoride is to take a 
amflill sample of colloidal paste, when apparently sufficient 
time has elapsed for reaction to be complete, and dis¬ 
perse this in distilled water by vigorous shaking and the 
addition of acetone. This solution is then filtered, and a 
small quantity, equivalent to between 0.2 and 2 mg. 
of fluoride, of the ffitrate taken. For fluoride detection a 
few drops of the sulphonate are added, and then sufficient 
dilute hydrochloric acid added to destroy the color. The 
latter is regenerated by addition of dilute thoritun ni¬ 
trate solution, the amount required to regenerate the 
color being proportioned to the amount of tmdecomposed 
fluoride present in solution. When an excess of aluminum 
is present the final solution should contain the equivalent 
of 0.05 to 0.1 mg. of aluminum. This is treated, in turn, 
with 5 ml. of N hydrochloric acid, 10 ml. of glycerin, 5 
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ml. of a 0.1% aqueous solution of sodium alizarin sul- 
phonate, and finally diluted to about 35 ml. Two milli¬ 
liters of 5 N ammonium hydroxide are then added, and the 
mixture shaken vigorously and allowed to stand for 5 
min It is then acidified with 5 ml. of 5 N acetic acid 
and diluted to 50 ml. with water. The red color due to 
aluminum can be compared colorimetrically with a stand¬ 
ard solution, similarly prepared. The colors fade some¬ 
what after about 2 min., so that quantitative estimations 
should be carried out fairly rapidly. These tests allow 
the condition of a paste, and the completion of reaction, 
to be determined rapidly and accurately, and ensure the 
final adjustment of its condition without difficulty. 

By means of the above tests the paste can be adjusted 
so t^t a known small excess of sodium fluoride is present. 
In the case of both cryolite and calcium fluoride pastes 
all that is then necessary is to add just sufficient c^cium 
chloride to ensure precipitation of the remaining fluoride 
and leave a slight excess. Experience has shown that, 
though normally deliquescent, a small excess of calcium 
chloride is tolerable in the finished electrode fiux, and 
causes no deterioration on storage, but it is preferable 
to work in the manner described to ensure, in both cases, 
that the excess calcium chloride is carefully controlled. 

Pastes, mixed and stabilized in this manner, have the 
consistency of a soft putty, and can be fiuther softened, 
by mixing in water, if necessary, for the incorporation 
of the other flux ingredients. The compounding of a 
complete flux formula must, of course, be*balanced to 
include the binding constituent and, in the case of direct 
mixing, the chloride by-product, usually sodium chlo¬ 
ride. The latter, in the case of many nonferrous alloys, 
appears not to affect the behavior of the welding slag very 
much, where less volatile ingredients compose the re¬ 
mainder of the flux, probably because of its low boiling 
point. 


may also be added if it is desirable to keep the amotmt of 
the colloid binder low, and assist final drying. Using 
these precipitates, many of the fluoride-b^ formulas, 
known to be suitable for metallic arc fluxes, particularly 
for nickel and copper alloys, can be compounded and the 
elimination of all silica or silicates from the coatings is 
practicable, if desirable. Further, since the precipitates 
are neutral they are little affect^ by acid compounds 
which may be troublesome with silicates or aliuninates. 
Thus metallic borates, silico-fluorides and similar ma¬ 
terials, which cause gel precipitation and weakening of 
the coating in alkaline binders, can readily be included. 

After extrusion the electrode coating is somewhat 
soft and the rods require careful handling. Drying 
must also be carefully carried out. The coating, though 
soft, is only slowly permeable, though improved in this 
respect if a proportion of coarser powder is included 
among the other ingredients, and requires primarily 
slow drying at a temperature of 40-50° C. This should 
be followed by an hour in the range 180-200° C., followed 
by slow cooling to avoid cracking. 

Future Research Problems 

These dried colloid coatings are not, of course, an¬ 
hydrous since complete moisture removal would prob¬ 
ably leave them weak and crumbly. The moisture, 
however, is apparently loosely held, and probably re¬ 
acts different from that included in silicate and alumi- 
nate coatings. They are mainly of interest from the 
research angle, being.expensive to handle and relatively^ 
weak. It is considered, however, that much remains to 
be investigated on the metallic arc welding of metals and 
the influence of moisture and gases on the metallurgy 
of the weld metal, and that alternative methods of ap¬ 
proaching the problem have their value in this respect. 


Quality of the Flux Pastes 

The flux pastes produced are natiually somewhat 
softer than those produced by either silicates or alumi- 
nates, and high extrusion pressures are undesirable, 
otherwise the electrode core wire is overfluxed. They are 
highly lubricant and will plasticize comparatively angu¬ 
lar powders, which may be used among the other con¬ 
stituents. 

Adequate binding capacity is ensured if the total flux 
weight, independent of the amount of moisture present, is 
calculated to contain a minimum of about 15% of the 
colloidal precipitate. More, of course, may be used if 
desired, or the mineral form of cryolite or calcium fluoride 
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Modem Hard-Facing Methods* 


By A. R. Lytlet 


Parti 


L ocalized surfacing either for increased resist¬ 
ance to corrosion, or wear, or for other special 
purpose is now not only accepted but even de¬ 
manded in a large number of important engineering 
structures or assemblies. In fact, many parts are de¬ 
signed so that specific physical or chemical properties 
may be given to localized surfaces through the proper 
application of surfacing metals or alloys. The welding 
literature contains many references to such tailored-to- 
use assemblies, and composite articles or structures are 
commonplace in our engineering experience. Typical 
examples are valves and valve seats of all sorts, bearing 
faces, bushings, sleeves, dredger teeth, sprocket teeth, 
drill bits and the like. 

There are, of course, many waj^ of accomplishing 
this type of localized siuiacing, such as metal spraying; 
application of preformed pieces by mechanical fastening, 
brazing or low-temperature soldering; and fusion weld¬ 
ing. Fusion welding is by far the most versatile and 
widely applicable of these methods. In welding, one is 
not l^it^ by size, shape, thickness, machinability or 
numerous other factors that may limit other methods. 
Moreover, fusion welding permits a choice of the full 
range of metal or alloy surfacing materials and unites 
them in a perfect welded relationship to the underlying 
base metals. Welding, therefore, fully justifies its wide¬ 
spread use for localiz^ surfacing. 

Fusion welding can be further divided into electric arc 
and flame welding. Here most attention has been given 
to the flame-welding process, because it has many special 
advantages for this type of welding or surfacing and as a 
consequence is very widely used for some of the best- 
known applications.. Some of the most important tech¬ 
nical characteristics of this process as applied to surfacing 
operations are as follows: 

1. Since there is minimum dilution with the base 
metal, the original properties of the deposited metal are 
retained in a high degree. 

2. Carbon can be added to carbon hardenable alloys, 
if desired. 

3. The surfacing metal can be flowed or sweated onto 
the base metal without melting deeply into the base 
metal. 

4. The process is equally useful for applying almost 
all surfacing alloys, including brass, bronze, Haynes 
Stellite rod, high-chromiiun ^oys and cast hard car¬ 
bides. 

5. The deposited metal can be smoothed b)’^ manip¬ 
ulation of the flame, thus reducing finishing costs. 

6. The thickness of the deposit can be limited to less 
than 0.030 in., if desired. 

7. Sufficient residual heat is retained in the base 
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metal to permit smoothing the deposit by hot working 
as by hammering. 

8. The rate of tooling after welding does not result 
in hardening of the base metal. 

9. Completed surface is continuously visible during 
welding. 

10. In many instances the process can be mechanized 
readily. 

It is not the purpose of this article to enter into a de¬ 
tailed discussion of these many items except to empha¬ 
size briefly the relationship that exists between the char¬ 
acteristics of the flame-welding process and its wide¬ 
spread use for surfacing operations. 

The fact that, by flame welding, surface deposits can 
be made with practically no dilution of the added metal 
by the base metal is of obvious importance and is a direct 
result of the third item listed above; namely, that the 
surfacing metal can in most cases be applied at tempera¬ 
tures below the melting point of the base metal. With 
the high-alloy hardenable steels, the carbides and the 
hard nonferrous metals, this is accomplished by using an 
excess-acetylene flame, producing the well-known “sweat¬ 
ing” action. This simultaneously adds carbon to the 
molten deposited metal, in some cases increasing hard¬ 
ness. The lower-melting-point nonferrous alloys easily 
flow onto the base metals by tinning, producing a welded 
joint of high strength. The result of both the sweating 
and tinning methods of welding is the application of a 
true overlay of known composition with interfacial alloy¬ 
ing only. 

The next group of items, Nos 5, 6 and 7, are of obvious 
importance and great commercial value in one of the 
largest current surfacing operations, namely, building 
up rail ends. Although several million such joints are 
built up each year, only a small percentage require more 
than a 0.030-in. layer of hard-facing me^, and most of 
them require less. Moreover, the deposit as built up by 
the operator must be practically to size, and smooth 
when welding is finished, because several trains may pass 
over it before the joint is ground. The easy flowing ac¬ 
tion of the excess-acetylene flame aids greatly in smooth¬ 
ing the deposited metal so that only moderate hammering 
is needed to leave a smooth running surface. These 
characteristics of the process are used every day in other 
surfacing operations to leave the deposit in a condition 
requiring rainimiun finishing. 

The absence of hardening effect on the base metal is 
another advantage of -the process. Much surfacing is 
done on heat-treatable or hardenable steels such as rails 
and oil-well equipment which, under cooling rates some¬ 
what higher than those that accompany flame welding, 
would harden considerably and possibly develop cracks. 
The cooling rate after flame welding approximates that 
of normalizing, and no auxiliary preheat is required. 
Base metals, therefore, are left in the same condition as 
after a normalizing treatment. 
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Fig. 1 —Photograph ol an Asaembly for the Application of Hard Surfacing Rod to Oil- 

Ei^eller Barru Bara 

This shows the prebent bars A in water-cooled supports, the heating head B mounted 
on a motorized carriage C and the motorized rod feed D. The heating head provides 
two rows of flames adapted to preheating the bars prooressively,.melting the welding 
rod and distributing the molten metal uniformly on the face of the work. The welding 
rod is fed in almost horizontally under the heating head at a rate to build up the deposit 
to the desired depth. The small air Jets for controlling the contour of the deposit are 
shown at E. The success of this assembly shows that satisfactory mechanization can be 
brought about without the use of a formal specially designed machine, by assembling 
suitable units. 


We shall discuss in more detail the mechanization of 
many of these operations. The advantages of mechani¬ 
zation are mangold and obvious to those who have had 
the opporttmity to observe manual and mechanized 
processes on a comparable basis. The mechanized 
process is likely to show greatly reduced cost for many 
reasons; it requires less w^-trained and fewer operators, 
the product is much more uniform and can be made to 
conform to requirements more exactly, and there are 
fewer rejects. Mechanization of the surfacing operation 
is the finishing touch whereby almost perfect localized 
surfacing can be accomplish^ repetitively on a large 
scale. 

These and other incentives have induced many oper¬ 
ators and welding engineers to investigate the possi¬ 
bility of mechanizing their particular hard-facing or sur¬ 
facing operations, and many have successfully developed 
their own methc^s. It is not always possible, how¬ 
ever, to take a manual method and, by introducing a 
few motors and gears, convert it into a mechanized 
process. Heat b^ance and metal flow, for example, 
must be much more accurately adjusted in mechanized 
processes since there is less possibility of correction than 
in manual welding. During the past 10 or 15 years, 
however, the Union Carbide and Carbon Research Lab¬ 
oratories, with which the author is associated, have been 
called upon to develop mechanized hard-surfacing meth¬ 
ods for a very wide variety of jobs. During this time, 
several basic methods of hard facing have been worked 
out. It is the purpose of this paper to describe these in 
some detail, and to show how they have been applied in 
a few specif instances. 

One of the first requirements to consider in a discussion 
of mechanization is ^e number of units to be treated in a 
given time. Thus in one instance, mechanization of a 
complex hard-facing operation was considered im- 
prac^cal, though highly desirable, because not more than 
two of the particular pieces would be required per week, 
and the cost of setting up the mechanized process would 
not be warranted by the production required. How- 


tion that was perfectly suited in every 
way to mechanizing and that sub¬ 
sequently has been satisfactorily set up 
on an automatic basis. There is no 
hard or fast rule to determine how 
many parts per day will justify con¬ 
sideration of mechanization b^use 
so much depends upon the size, ease 
of handling, distribution of the hard¬ 
surfaced areas and type of hard facing, 
but in most cases a progressive, imagina¬ 
tive welding engineer can quickly 
determine the feasibility and broad 
economics of making the process auto¬ 
matic. 

The basic conditions to be attained 
in automatic surfacing by flame weld¬ 
ing are adequate preheat, proper pro¬ 
portioning of the welding flames, con¬ 
tinuous supply of molten weld metal 
and adequate fluxing. These factors 
are common to all the methods of hard 
facing and they can be discussed with¬ 
out immediate reference to any par¬ 
ticular operation. Aside from the 
matter of fluxing, the three items listed 
are included in the general term “heat 
balance.” Experience has shown that 
there are certain fundamental principles 
that must be followed in setting up 
this heat balance if satisfactory results are to be ob¬ 
tained. Generally speaking, although all three heating 
operations are designed to function cooperativdy, 
each must be complete in itself and adequately serve 
its function without rel 5 ring too greatly on assistance 
from one of the other sets of flames. In an ideal 
heat balance, the preheating should serve as a true pre¬ 
heat of the base metal, raising its temperature so that 
the surfacing metal can flow onto it with only minimum 
assistance from the welding flames. The best type of 
preheat is that which pr^uces a relatively gradual 
temperature gradient throughout the workpiece; in fact, 
attaining this relative low-temperature gr^ent preheat 
is one of the “secrets” of successful hard facing. Steep 
temperature gradients attained by high heat input rates 
close to the welding position frequently result in poOT 
adhesion and porosity in the deposit. As for the main 
welding head, a single flame seldom is suitable. Multiple 



Fig. 2—Photograph of a Section Through a Guide Bar Surfaced 
with Hard Sunacing Alloy in a Machine Similar to That Shown 
in Fig. 1. (Natural Size) 


The roecimen is shovm in the as-welded condition. In this in¬ 
stance me hard-facing metal was deposited within a groove in the 
top surface. This memod allows a little more flexibility in operation 
than is the case when the air blast is used as described for oil 
exp>eller barrel bars. 
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small flames provide much closer control, aid in dis¬ 
tributing the deposited metal evenly and smoothly, and 
avoid overheating. Moreover, small flames can be 
directed exactly where needed and do not create large 
volumes of ambient gases that do little else than heat up 
the apparatus. The ftmctions of this welding tmit are to 
supply the small additional amount of heat for melting 
the welding rod, to contribute the final increment of 
temperature to the base metal to promote ready and 
positive adhesion, and to distribute the weld met^ imi- 
formly and smoothly. The rod preheat is quite as im¬ 
portant as the two previous operations. In some cases 
uniform preheating of the rod is facilitated by a mechan¬ 
ized rod feed, although, as will be shown later, some 
machines use gravity-fed rods. However, in either case 
the preheating flames should be primarily directed 
against the rods so that greatest control will available 
and, as indicated above, the rods as they enter the weld 
zone should be preheated to a temperature just below the 
melting point, thus requiring a minimum of supple¬ 
mentary heat from the welding flames. It will be found 
that the same general relationships as enumerated here 
hold for all successful surfacing operations independent 
of the size or composition of the base metal or composi¬ 
tion of the deposited metal. 

Placement or control of the disposition of the surfacing 
metal must also be considered. Much can be done in 
this respect by judicious arrangement of the several 
welding flames, but generally for mechanized operations 
definite limiting barriers are of much more practical 
value. These may take the form of shallow or deep 
grooves of a depth equivalent to the depth desired in the 



Rg. 3—Photograph of Short Leng&s of Three Bronze-Welded 
Cast-Iron Guides 


The bronze weld metal was applied by the straight-line method 
in the same manner as described for the expeller ^rs. These bars 
are shown after the bronze deposit had been machined to the 
original surface of the cast iron. The weld metal was of very good 
quality throughout and had a uniform Brinell hardness of 119. 



Fig. 4—Transverse Section Through the Bronze-Welded Cast- 
Iron Guides Shown in Fig. 3 Before Machining. (X IVO 


The bronze weld metal was caused to flow over the edges of the 
groove in order to insure positive filling of the groove. The deposit 
was sound and showed good adherence to the base metal. 

deposited metal. These have been foimd to be quite 
satisfactoty and fully capable of accurately positioning 
the weld metal within close tolerances. There are, of 
course, instances in which the surfacing material is to be 
applied to the exterior comer of the work, where a.groove 
is not possible. In such cases, a refractory plug or mold 
is entirely satisfactory and is used for some relatively 
large-scale surfacing operations. Other means of con¬ 
trolling the contour and placement of the surfacing ma¬ 
terial will be indicated later in describing specific ex¬ 
amples. 

With this background it is in order to discuss the 
several methods that have been developed for stirfacing 
operations. They may be referred to as the straight- 
line, cylindrical and spiral types with, of course, some 
variations and combinations for particular installations. 

The hard facing of oil expeller barrel bars is a good 
illustration of the straight-line method. These bars 
are V* in. wide, 1 in. thick and 11 in. long, and a deposit 
of Haynes Stellite alloy is required on the Vs- X 11-in. 
face. As hundreds are required per day, mechanization 
was well justified on that score, and the simplicity of the 
section to be hard faced facilitated the development. 
As welding conditions can be set up for almost any pre¬ 
determined rate of production, a reasonable rate was 
chosen, in this case 5 in. per minute. A multiple-flame 
head was fixed with flames directed to bring the base 
metal to the proper sweating temperatures and to melt 
the rod and distribute the molten metal to the desired 
points, and a mechanical rod feed with accompanying 
rod preheat was also set up as shown in Fig. 1. After 
the flow of gas had been adjusted to the rate of movement 
of the bars, and the sevoal tips had been directed to 
distribute the weld metal evenly on the cross section, a 
very uniform product was obtained at the desired rate of 
production with practically no manual assistance. It 
was necessary that the quality of the deposit in this case 
be especially high, as these bars are used for extracting 
oils from se^ and cereals, and porosity in the deposit 
would be very objectionable. The finished bars met 
this requirement satisfactorily. 
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The following are typical data on this surfacing opera¬ 
tion: 

Dimensions of deposit. Vj in. wide, Vs in. thick 

Rate of surfacing.5 in. per minute 

Oxygen consumption.66 cu. ft. per hour; 2,4 

cu. ft. per weld 

Acetylene consumption.70 cu. ft. per hour; 2.7 

cu. ft. per weld 

Hard facing rod.16 lb. per hour; 0.6 Ib. 

per weld 

Two difficiilties developed during this work but it is 
interesting to see how they were overcome. In the first 
place, because of the high surface tension of the molten 
metal, the deposited metal tended to hang over the edges, 
whereas a square-faced deposit was desired in order to 
minimize grinding. It was found that by directing a 



flq. 5—PhotoTiaph of Machine Developed for Hard Facing Seat 
Rings a^ Other Large Annular Workpieces 


This machine provides a variable speed turntable on which may 
be mounted the seat rings. Two heating heads are set up to heat 
the inside and outside ot the ring, and a third head is mounted to 
preheat the rod and to perform the actual coating operation. Each 
of these heads is supplied throu^ separate mixers and therefore 
is sublect to individual control. ITie rod is guided to the welding 
zone by a motorized feeding unit. The machine has been used for 
hard facing and bronze facing seat rings and valve wedges from 
2 to 18 in. in diameter. 


very fine stream of air against the side of the bar just 
below the molten metal this slight overhang was almost 
completely eliminated and only a minimum amount of 
grinding was required for finishing. The second prob¬ 
lem was warpage. As might be expected, the applica¬ 
tion of a layer of molten metal to one surface of a rela¬ 
tively small bar set up differential cooling stresses, and 
the result was that the bars when cool would be curved, 
with the deposited metal on the concave side. Examina¬ 
tion of these bars showed that every one came out ex¬ 
actly the same. Therefore, the bars were prebent in 
the opposite direction by an amount equivalent to that 
which developed during the surfacing operation. As a 
result of this prebending, the surfaced bars were straight 
as they came out of the machine. 

This method has also been used for applying a stirface 
of bronze-weld metal to cast-iron bars for such parts as 



Fig. 6—Photograph of a 10<In. Diameter Seat Ring in the Ae- 
Coated Condition on the Left, and After Machining on the Right 


This seat ring was coated with Hard Surfacing rod. It will be 
noticed that the surface is smooth, uniform, and shows no important 
irregularity. After machining, the deposit is sound and of guite 
uniform dimensions. 

guides. The bars were 24 in. long by 2 in. square, and a 
iVs-in. wide by '/u-in. deep deposit of hard bronze-weld 
metal was desired on one face. For this operation the 
same general principles were applied as outlined above 
for the barrel bars except, of course, that no prebending 
or preforming was needed as the bronze welding did not 
cause appreciable warping. General preheating of the 
iron was done by means of a long city gas burner, but 
most of the preheat was applied with oxyacetylene flames 
in the normal manner. The weld metal was provided 
by Vs-in. diameter bronze welding rods fed in mechani- 
c^ly and fluxing was accomplished by a combination 
of vapor flux and a flux coating on the rod. This com¬ 
bined fluxing gives excellent results for bronze-welding 
operations. The data for this welding are included in 
the following table and photographs of the bars in the 
finished condition are shown in Figs. 3 and 4. 

Data for Bronze Facing of Cast Iron Guides 

Dimensions of deposit.1 Vs in. by Vu in. 

Bronze welding rod per foot.. .0.8 lb. 

Bronze welding rod per hour... 17 lb. 

Rate of surfacing.4Vs in. per minute 

Oxygen and/or acetylene 

consumption.141 cu. ft. per hour; 

10.6 cu. ft. per foot 
of weld 

The general principles of straight-line surfacing can 
also be applied to the surfacing of other products when a 
relatively long, narrow surfacing operation is required. 
A typicd operation is the surfacing of the seat rings for 
large-diameter gate valves. Figure 5 shows a machine 
that is in regular course of production for the facing of 

rings in this manner. 
In this particular 
operation the ring to 
be coated is mounted 
on a variable speed 
turn-table. It will be 
observed that suitable 
multiple-flame heads 
for preheating the area 
to be surfaced, for pre¬ 
heating the welding 
rod and for welding 
have been provided. 
The number and size 
of the flames in this 
case are larger than in 
the former case. Each 
set of heating flames 
is mounted on an in- 



Fig. 7—Section Through the Seat 
Ring Shown in Fig. 6 After Ma¬ 
chining to Final Dimensions 
This shows the distribution of the 
Hard Surfacing alloy on the final sur¬ 
face and illustrates again the use of a 
groove for confining the Hard 
Surfacing alloy. 
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Fig. 8—Photograph of One Face of an 8-In. Diameter Wedge 

for a Steam Valve That Has Been Hard-Faced with Hard 
Surfadug Rod on tiie Seat Ring Machine 

The wedge had a cg^ve of the desired dimension machined 
prior to hard facing, ilie Haynes Stellite has uniformly filled this 
groove, leaving a deposit with a smooth, regular surface. 

dividual holder with multiple adjustments. This machine 
has been satisfactorily used for applying both Haynes 
Stellite rod and a special hard-facing bronze to the seat¬ 
ing surface of seat rings that range in diameter from 6 to 
18 in. The deposited metal required varied from Vs in. 
deep by Vi in. wide, to ‘A in* by 2 in. wide, and the 
heating equipment shown was easily adapted to the re¬ 
quirements of this range in application, and Figs. 6 and 7 
are photographs of one of the seat rings after hard facing 
and machining. 

The same method of hard facing has also been used 
very extensively for the application of hard facing 
alloy to the seating surfaces of wedges for gate valves. 
These, of course, are heavier and more complex in shape 
than the insert seat rings, and the simple side preheating 
heads shown for the seat rings are not usually suitable. 
This difficulty, however, is overcome in the case of small 
gate valve wedges by heating them with the flames from 
the welding head for a short time before the application 
of the surfacing metal starts, thus obtaining sufficient 
preheat. For large gate valves, the wedge is furnace 
preheated to a temperature of about 1000° F. and a pre¬ 
heating head is positioned just ahead of the welding sta¬ 
tion. The general principles of this application are the 
same as described for the seat rings. In most cases the 
surfacing metal is applied within a groove machined in 
the faces. This provides adequate depth of metal and 
positive confinement, thus assuring easy and imiform 
conditions for final machining operations. Figure 8 
shows an 8-in. wedge on which the seating surfaces have 
been coated with a hard facing alloy. This is shown in 
the as-welded condition. 

There is a widespread demand for hard-faced cylinders 
for use in such parts as pump rods and sleeves, bushings, 
collars and crushing rolls in the oil- and food-processing 
industries, thus special attention has been given to the 
development of suitable methods of surfacing of this t 5 rpe 
of work. Thus far two satisfactory methods have been 
developed, and they may be referred to as the cylindrical 
and spiral types. The cylindrical type was developed 
earlier, and more commercial experience is available on 
this process. It will be clear from subsequent discussion. 


however, that the spiral method will be of great value in 
certain general fields. 

The principal characteristic of the cylindrical method 
is that the entire length of the cylindrical area to be 
covered is coated in one revolution of the work. This is 
simply an adaptation of the straight-line method to a 
cylindrical surface but because of the basic change in 
configuration of the surface on which the deposit is made 
and the extended width of the deposit, the process has 
many unique elements of its own. In this method the 
cylinder to be coated is supported horizontally and ro¬ 
tated rather slowly while molten weld metal is deposited 
simultaneously for the entire length of the work as the 
cylinder turns. On the completion of a little more than 
one turn the entire cylinder has been coated. 

The details of the apparatus and technique to accom¬ 
plish this method of hard facing are shown in Fig. 9 
which shows one of the machines that has been con¬ 
structed for this tjqje of work. The apparatus is shown 
set up for the coating of an 11-in. long by 4Vi-in. diame¬ 
ter bearing. This bearing is motmted on a spindle, which 
in this case turns at the rate of one revolution in 8 mins. 
As in other siufacing operations, a series of flames is pro¬ 
vided for preheating. The preheating head is as long as 
the section to be surfaced and is placed 90° ahead of the 
line of welding. The most characteristic elements of the 
apparatus, however, are the welding head and number of 
wdding rods. As the process is based upon the applica¬ 
tion of the entire coating during one revolution, molten 
weld metal must be applied simultaneously for the entire 
length of the sleeve. In order to provide this quantity 
of weld metal and to distribute it uniformly over an ex¬ 
tended length, multiple rods are required. Furthermore, 
to prepare the base metal properly for the weld metal, to 
obtain close control of the rate of melting of these rods 
and to provide adequate control of the molten weld 
metal, the multiple flame-heating head shown in this 
photograph was found to be best. This heating head 



Fig. 9—Photograph of a Machine Developed for the Hard 
Facing of Fairly Large Sleeves by the Cylindrical Method 


This machine comprises spindles on which the work m^ be 
mounted and which turn the work at a uniform, slow rate. These 
spindles are mounted on a platform which oscillates through a 
short stroke. Over the work are, mounted welding heads and 
welding rcxl guide rolls, which extend for the entire length of the 
work. The blowpipe supplies two parallel rows of converging 
flames, and passages for the welding rod between the two flames. 
One pair of flames is provided for each welding rod. During 
welding, the rods feed downward by gravity, but may be with¬ 
drawn vrtth the soft rubber rolls overhead. A preheating blowpipe 
of the same length as the welding blowpipe is located directly in 
back of the work and is not visible in this photoOTaph. The regu¬ 
lator equipment shown on the panel at the left is lor controlling &e 
gas flow to the several blowpipes. 
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provides two parallel rows of converging heating flames, 
and between them a series of tubes spaced about */8 in. 
apart for the full length of the work. These tubes serve 
as guides for the welding rods. Each rod passes freely 
downward through one of these tubes and between two 
converging flames that impinge against the rod just above 
the point of contact with the work. A sufficient number 
of rods and accompanying heating flames are provided to 


Fifl. 10—Photograph ol a O-In. O.D. by bln. Wall Cylinder, 
Which Haa Been Coated with Hard Surfacing Alloy in the 
Cylindrical Machine 

In the photograph at the top, part of the specimen is shown in 
the as-welded condition and part after machining. Attention is 
called to the smoothness of the depxssit in the as-welded condition 
and to the soundness after machining. At the bottom is shown a 
section through the cylinder, demonstrating the uniformity of 
thickness of the surfacing alloy. 


Fig. 11—Photograph of a 6-In. O.D. by 1-In. Wall Cylinder 

The lower end is shown ready for hard facing and tile upper end 
has been hard faced in the cylindrical machine using a high- 
chromium alloy. The groove in this case is */a-in. deep and, as 
shown in the finished portion, has been filled smoothly and uni¬ 
formly with the coating alloy. It was specified that the finished 
cyllnaer have a ‘/u-in. thick deposit. 

extend for the full length of the work. This close asso¬ 
ciation of welding rod with the heating flames gives a 
combination of rod preheat and welding flames that 
produces a relatively narrow weld zone. This narrow 
condition is necessary because the molten puddle is 
maintained on the top of a rotating cylinder, and the 
weld metal must be caused to flow onto the base metal 
and solidify before the cylinder rotates far enough to 
cause the weld metal to run off. However, very little 
difficulty is met with in this respect ^ter the proper heat 
balance has been obtained to conform with the rate of 
turning of the work. 

A number of adjustments are available in this machine 
to give complete control of the progress of the hard 
facing and thus assure satisfactory consistency in results 
and to permit adjustment required for different-sized 
work as well. Each of the three sets of heating flames, 
the preheat and the two rows in the welding head, are 
supplied through a separate pair of oxygen and acetylene 
regulators. This permits a very wide range in gas flow. 
Local changes necessitated by the presence of fillets or 
changes in section are readily accommodated by chang¬ 
ing the length and orifice size ef the individual tips asso¬ 
ciated with that section. It will also be observed that 
the entire table supporting the rotating spindle may be 
oscillated lengthwise. This slight oscillation is desir¬ 
able to overcome the furrows that develop on the surface 
between the individual rods when no oscillation is used. 
The stroke is equivalent to the spacing of the rods and 
serves to level off the molten raetaJ before it solidifies. 

The welding procedure followed for applying the hard 
surfacing alloy to a cylinder such as shown in the machine. 
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namely, a bearing 11 in. long by 4 V 2 in. in diameter, is as 
follows. The rate of rotation of ^e work is set for one 
rotation in about 8 mins. The preheating flames are 
then lighted and the work is rotated until the tempera- 
ttire of metal as it approaches the welding station on the 
top is about 1300° F. This serves as an adequate pre¬ 
heat for the application of this type of coating and gener¬ 
ally is attaint within one rotation of the cylinder. The 
two rows of flames in the welding head are then lighted 
and adjusted to a moderate excess acetylene flame. The 
metal under the flames gradually increases in temperature 
until in about V 4 turn of the work the temperature for 
applying the hard surfacing rod is attained. The rods 
are then slowly lowered through the welding flames and 
thus become well preheated. They are then released 
and permitted to fe^ by gravity for the remainder of the 
time. The first row of flames serves to bring the base 
metal to the sweating temperature. Weld metal from 
the welding rods is then deposited in a continuous man¬ 
ner, and under the second row of flames the puddle is 
consolidated and smoothed, and time is provided for 
elimination of any chance scale or gas pockets. It is at 
this stage that the oscillation of the table is advantageous. 
The deposit as it leaves this station is smooth, of uniform 
depth and sound. Holding the molten metal in place is 
aided by advancing the welding station ahead of the top 
point on the cylinder so that by natural thermal con¬ 
duction the metal will freeze just as it starts on the down¬ 
ward slope. This is another instance of the value of 
proper heat balance but it usually offers little real diffi¬ 
culty. The process is thus continuous, and in a little 
more than one complete turn after the welding rods 
have been dropped into welding position—enough to 
overlap and provide a complete coating—the operation 
is done. It is possible, however, and in many cases 
definitely beneficial, to remelt the deposit supeificially 
by rotating the work once more under the welding 
flames but without the addition of weld metal. This 
remelting, accompanied again by the slight oscillation, 
smooths out the little furrows that were left by the 
melting rods, floats the last traces of scale and flux onto 
the extreme surface and leaves the deposit in a very 
smooth uniform condition. 

Considerable experience has been gained in hard facing 
with this type of machine. It has been used for such 
parts as heavy-walled sleeves and bushings up to 4Vs iQ> 
in thickness and 11 in. in length, and other machines of 
the same type have been used for hard surfacing sleeves 
as small as Vs in. diameter by 3 in. long and for heavy 
collars 8 in. in diameter, 6 in. long by 1-in. wall. More¬ 
over, by changing the gas pressures on the several heat¬ 
ing he^s and adjusting the position of the head in re¬ 


spect to the top center, high-quality deposits have been 
made with a variety of surfacing alloys ranging from the 
conventional hard bronze or brass to Hajmes Stellite 
alloys and various high-chromium alloys. All these 
alloys respond to the process satisfactorily and produce 
deposits which are uniform in dimension and quality, 
exhibit minimum dilution with the base metal and 
readily produce duplicable results. In Figs. 10-13 are 
shown a number of typical examples of products sur¬ 
faced in this type of machine. 

The cylindrical method is well suited to the surfacing 
of solids and heavy-walled cylinders up to about 11 in. 
in length, but some difficulty is encoimtered in maintain¬ 
ing proper heat balance when the process is extended to 
the siu^acing of long or thin-walled cylinders. For this 
latter type of work, ^e spiral method has been developed. 
This method has the advantage of concentrating the weld 
zone in a relatively narrow circumferential band and the 
deposit is applied progressively, lengthwise with the 
work. Experience with this process has been satis¬ 
factory in respect to quality, control, consistency, and 
cost, and it will undoubtedly find wide use. 

Basically the method is another modification of the 
straight-line method, but in this case the deposit is ap¬ 
plied as a narrow ribbon in a continuous fine-pitch spii^ 
so that each successive spiral overlaps the previous de¬ 
posit and forms a continuous surfacing layer. There 
are, of course, many w&ys in which this might be done, 
but most success has been met with the process about to 
be described, a drawing of which is shown in Fig. 14. 
In this particular example for 2V4-in. diameter cylinders 
the work is mounted horizontally on a spindle and 
rotated at the rate of from 50 to 90 rpra. The preheat¬ 
ing and welding heads and rod guide are mounted on a 
separate traversing carriage moving parallel with the 
axis of the work. The preheating head is annular in 
shape, surrounding the work and providing a series of 
inwardly directed flames. This head is positioned almost 
in the same vertical plane with the welding rod. These 
flames not only preheat the base metal but also, because 
of their reducing nature, protect it from oxidation. The 
welding and rod preheating flames are combined because 
of the narrow welding zone and the rather nice balance 
that is necessary between rod preheat temperature and 
amount of total heat delivered to the molten puddle. 
The principal welding flames are concentrated at the base 
of the rod to cause positive continuous melting and ade¬ 
quate control of the molten puddle. The rod is guided 
vertically into the welding zone through a suitable rod- 
feeding mechanism. 

The details of this method of siu^acing are interesting. 
As is clear from the foregoing, the combined objectives 
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Fig. 12—Photograph of 1 Vi<*hi. Diameter by S'A-hi. Long Cylinder Hard-Faced 
in a 2V4*1 o. Long Zone with Hard Surfacing Alloy on a Small Cylindrical-Type 
Machine. (Natural Size) 

This coating operation was completed in about 10 min. total time. The Haynes 
Stellite was deposited in a groove that had been machined in the cylinder, and 
was of consistently good quality. 


Fig. 13—Photograph of Sec¬ 
tion Through the Hard- 
Faced Cylinder Shovm in 
Fig. 12 After Finish Machin¬ 
ing to Show the Uniformity 
of Deposit and the Sound¬ 
ness of the Deposited Metal. 

(Naturu Size) 
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Fig. 14—Schematic Drawing of Machine Used for the Spiral 
Method of Surfacing Cylinders 

The workpiece C is held and turned in chuck F. The annular 
blowpipe B. the welding rod D and rod guide and the rod pre* 
heating blowpipes are mounted on a carriage A which traverses 
at a uniform speed the length of the cylinder to be surfaced. The 
surfacing material is added at the top point of the rotating cylinder 
and builds up to a uniform thickness progressively as &e welding 
unit traverses the workpiece. 

are: to btiild up a continuous puddle of molten metal for 
the full circumference of the work, rotate the work at 
such a speed that the molten metal will be uniformly 
distributed in this band and yet will not be ejected from 
the work by centrifugal force, advance the point of weld¬ 
ing progressively at such a speed that continuous over¬ 
lapping with the previous spiral occurs, supply additional 
molten weld metal continuously and permit the deposited 
metal to solidify of its own accord as it retreats from the 
welding zone. At first thought, it would seem that the 
rate of rotation might be rather critical in order, on one 
hand, to prevent the molten metal from running off the 
bottom or, on the other hand, to avoid ejecting it out¬ 


ward by centrifugal force. Fortunately, however, there 
is considerable leeway in this respect. Tests have been 
made at surface speeds as high as 1000 sfpm. without 
any observed tendency for ejection of the metal, and at 
surface speeds as low as 250 sfpm. without having the 
molten metal accumulate at the bottom. This, there¬ 
fore, offers a very wide range and frees the process from 
any critical adjustment in this respect. 

Another advantage of the high rate of rotation as com¬ 
pared with a relatively slow rate, as for instance 5 rpm., is 
that the advance or pitch of the spiral is on the order of 
0.01 in. With this fine pitch there is practically no 
furrowing or spiraling on the surface of the deposit, and 
the metal solidifies continuously as the welding and pre¬ 
heating heads advance. This solidification takes place 
about */8 in. axially behind the point at which the weld¬ 
ing rod is added, and by the time the metal reaches this 
point, which may be V» rain, after that portion was under 
the welding station, the weld metal has had ample op¬ 
portunity to free itself from dissolved gases and hence 
solidifies in a sotmd, smooth deposit wi^ a high degree 
of uniformity of thickness around the periphery. 

The depth of the surfacing layer is determined by a 
combination of rate of melting of the welding rod and 
the rate of traverse of the welding head leng^wise of 
the work. It is clear that with a given rate of melting of 
the rod, the speed of traversing can be easily computed 
for any given depth of deposit, and variation in travers¬ 
ing speed is the most convenient means of controlling 
the depth of deposit. Experience has shown that for a 
cylinder SV* ra. in diameter a depth of 0.100 in. can be 
readily and consistently applied at a traversing speed of 
V* in- per minute. At this speed, welding rod is melted 
at the rate of about 16 lb. per hour, which is quite a high 
rate of deposition of weld metal. Such a deposit cleans 
up on machining to 0.080 in., which is as thi^ as neces¬ 
sary for many hard-surfacing operations when corrosion 
or relatively moderate wear is to be overcome. 

One of the important characteristics of this method of 
surfacing is the marked freedom from warping of thin- 
walled cylinders. Although the process has not been 
commercially applied over a very extensive range of 
sizes, no appreciable warping or shrinkage has occurred 
in some instances in which considerable difficulty with 
warping had occurred when other methods of surfacing 
had been tried. One example is shown in Figs. 15 and 
16. These are sections taken through a 3V4-in. diame¬ 
ter, V^-in. wall cylinder 11*/* m- long. During the 
surfacing operation this cylinder continuously turned 
true on the spindle and, after normal air cooling, it still 
ran true. Caliper measurements of the bore indicated a 
radial shrinkage of 0.020 in., which was constant for the 



Fig. 15—Photograph of a Longitudinal Section Through the 3*/<*In. O.D. by */ 4 -In. Wedl Sleeve, Which 
Was Coated with Hard Surfacing Alloy by the Spiral Method 

This sleeve was 12 in. long. As shown in this section, the thickness of the Haynes Stellite for the full lenqfth 
of the deposit was very uniform and there was no warping or nonuniform distortion of the cylinder during this 
coating operation. 
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Fig. 16—Photograph oi a Section in the Aa-Welded Condition 

Through the S'A-u. O.D. Cylinder Which Waa Coated with 
Hard Surfacing Alloy by the Spiral Process 

The deposit is sound, and uniform in thickness for the entire 
drcumierence. 

length of the deposit, but otherwise no dimensional 
change had occurred. The second instance was of a 
thick-walled cylinder 2 in. in diameter and 18 in. long. 
A surface coating was applied for the full length of this 
cylinder without causing a perceptible ofif-center condi¬ 
tion to develop. Undoubtedly, this freedom from warp¬ 
ing results from the symmetrical temperature gradient 
that prevails during the coating operation. Figures 15 
and 16 illustrate the uniformity and high quality of the 
deposited weld metal produced by this process. 

We have several different methods, therefore, whereby 
surfacing by the flame-welding process can be mechan¬ 
ized to a rather high degree. Taken together, they 
potentially encompass a good percentage of the parts 
on which surfacing might be done. These processes 
are to a great extent automatic, and hence provide the 
many advantages of mechanized operations. Moreover, 
all operations that have been mechanized to date de¬ 
manded very high quality in the finished product not 
only in regard to uniformity in chemical composition but 
also in freedom from porosity, smoothness of deposit, 
minimum of dilution with base metal and consistent 
conformity to dimensions. All these have been met 
satisfactorily by some one of these mechanized methods. 


Part II 

So far in this article, emphasis has been placed on work 
on which the surface to bie coated was continuous in at 
least one dimension. Such surfaces represent the bulk 
of surfacing reqtiired for corrosion resistance, bearing 
faces and the like. However, there is a very large 
amount of hard facing done on intermittent surfaces, but 
to date no satisfactory fully mechanized method has been 
developed for this type of operation. The difficulties of 
such a development are obvious in light of the principles 
outlined earlier, but good progress has been made in plac¬ 
ing this type of hard surfacing on a semiautomatic basis, 


and a description of one of the newer methods is in line 
with the subject of this article. 

Most intermittent siufacing is associated with toothed 
parts such as drill bits, and coal mining undercutter bits, 
and for such surfacing the exceedingly hard tungsten 
carbide-type of alloys are frequently chosen. Experi¬ 
ence and practice in the past have been divided between 
the use of large inserts of the carbide embedded in steel 
weld metal and the use of so-called tube rods containing 
small grains of the carbide. The use of inserts produces 
a hard-facing deposit with alternate large very hard areas 
and relatively soft areas that is well suited to certain 
types of extreme wear, but the use of the tube-type rod 
produces a weld deposit containing a large number of 
»small hard particles uniformly distributed in the matrix 
of the deposit. 

In many cases of intermittent application, it is neces¬ 
sary to deposit only a very thin layer of the hard tungsten 
carbide and, moreover, it is desired to limit the extent of 
dilution and hence preserve the full properties of the 
original material. Therefore, a new method has been 
developed in which crushed granules of cast tungsten 
carbide are firmly welded superficially onto the surface 
that has been heated to the sweating temperature by the 
excess-acetylene welding flame. This method results in 



Fig. 17—Photogzaph of the Welding Blowpipe and Diapenser 
. Used for Ap^ying Granulee ^ Tungirten Carbide 


This welding blowpipe is adapted to manual operation, and the 
tip provides either a single flame or multiple flames in an annular 
arrangement around a central passage. This central passage is 
directly connected to the overhead dispen^r which contains the 
tungsten carbide granules. With a single flame tip as shown here, 
tile granules are delivered through a separate tube attached to 
the tip. The delivery of these granules to the weld zone is assisted 
by a vibrator. With this apparatus a superficial deposit of tungsten 
carbide granules can be applied to intermittent or continuous 
surfaces, and the granules are very tightly bound to the surface 
of the work by the action of the excess-acetylene flame on the base 
metal. Under slightly different conditions the granules may be 
completely embedded in the base metal by deeper melting. The 
apparatus is light and flexible, and with changes of the tips, suitable 
for light or heavy work. 
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the formation of a thin layer on which the granules may 
be either submerged or actually allowed to protrude 
above the surface. The conditions may be readily ad¬ 
justed so that the deposit can be applied to thin or sharp 
edges or points without materially ^tering their contour 
or sharpness. 

The apparatus used for this type of surfacing is illus¬ 
trated in Fig. 17. It consists of a blowpipe supplying 
mixed oxygen and acetylene to a standard single flame 
or special welding tip and a grain dispenser connected by 
flexible tubing or directly attached to the welding head. 
The special tip comprises a series of flame ports in an 
annular arrangement around a central passage that 
extends through the length of the tip. The number of 
ports varies from 3 to 12, depending on the size of the 
tip. The central passage in the tip is connected directly 
with the grain dispenser, which with the aid of a vibrator 
provides a controllable and uniform flow of granules. 

The operation of the apparatus is relatively simple. 
On small parts such as coal bits, the area to be surfaced 
is brought rapidly to a sweating temperature and then 
the flow of the tungsten carbide granules is started. In a 
few seconds a sufficient depth of surfacing material is built 
up and the operation may be stopped. If the workpiece 
is larger, the operation is start^ as described but the 
blowpipe is advanced in a slight weaving motion, build¬ 
ing up the deposit to the desired height in one pass. In 
certain instances of heavy work some preheat is bene¬ 
ficial as it permits more rapid advance and smoother 
deposits. 

As may be expected, the operator has considerable 
latitude in respect to the depth of deposit that may be 
built up and in the proportion of base metal melted and 
mixed with the granules of tungsten carbide. By rapid 
advance of the blowpipe, a quite superficial deposit can 
be made, or by progressing more slowly or with higher 
gas flow, some base metal may be melted to form a 
smooth coating over the granules and thus embed them 
more seciuely in the body of the metal. 

This process has been used for the hard facing of a 
widely diversified group of workpieces exposed to severe 
wear, and very satisfactory performance has been ob¬ 
tain^. A typical example is the hard facing of the cut¬ 
ting edge of coal bits. Here the granules are applied 
superficially and are thus in the most favorable position 
to resist the scarif)dng action of coal and rock during 
cutting. Similar deposits are made for facing earth 
scraper blades, scarifier teeth and star rock bits. In 
other applications such as plowshares, hay-cutter blades, 
tank treads and sprocket teeth, it may be desirable to 
embed the granules so as to have a smooth finished sur¬ 
face. In such surfacing deposits, the granules of tung¬ 
sten carbide are not visible. 

Additional advantages of the process are the economy 
in the use of the granules and the speed of application. 
For work such as scraper blades or hay-cutter blades, 
the surface may be coated at the rate of 3 Vj sq. in. per 
minute using fiine-mesh (60 by 100) granules at the rate 
of 0.005 lb! per square inch of area coated. Coarse 
grains (24 by 36) are used at the rate of 0.01 lb. per 
square inch. Because of this economical use of the tung¬ 
sten carbide granules and the rapidity with which the 
surfaces can be sui^bly coated this method of surfacing 
is very attractive for certain types of hard-facing opera¬ 
tions. 


Part III 


No discussion of modem hard-facing methods would 
be complete without a description of the use and value 


of the high nickel base Hastelloy alloys. Hastelloy 
alloys are wdl known for their specif corrosion resistance 
and retention of high strength at elevated temperatures, 
and they are used extensively throughout industry for 
especially severe corrosive conditions. Recently, how¬ 
ever, Hastelloy alloy C has demonstrated remarkable 
qualities of resistance to abrasion and spalling at high 
temperature and as a consequence it has found an addi¬ 
tional field of service as a hard-facing material. It is 
this new use of this alloy which will be covered at this 
particular time. 

Hastelloy alloy C can be satisfactorily applied by 
electric arc welding using either a coated cast rod or a 
composite rod in which some of the alloying ingredients 
are included in the coating, or by the usual flame-welding 
technique. Hastelloy alloy C as deposited by either 
process is relatively soft, having a Rockwell C hardness 
of about 18. The deposited metal is, therefore, readily 
machined by conventional machining methods and does 
not require grinding as is necessary for hard alloy de¬ 
posits. However, the metal does not soften or lose its 
hardness at elevated temperatures. The alloy also has 
a very high resistance to seizing or pin-point welding at 
both low and high temperatures and hence is relatively 
free from the fretting and galling types of wear char¬ 
acteristic of many other soft metals used for surfacing. 



Fig. 18—Photographs of Punches Used for Hot Piercing in the 
Manufacture of 75-Mm. Shells 

The specimen at the left is shown after the application of Hastelloy 
alloy C by metallic arc welding, and the specimen on the right 
shows one of the built-up punches after machining to fini^ied 
dimensions. The residual coating after machining is '/k in. 

Such hard-faced punches have produced up to 2000 shells without 
failure, whereas a regular tool steel punch without hard facing was 
limited to about 500 operations. 
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Rg. 19—Photograph of a Punch and Die Used for Forging Bomb 
Booster Caps 


On the left these are shown after the Hastelloy alloy C has been 
appUed and on the right, after finish machining. A ^/ii-in. thick 
layer of Hastelloy alloy C has been left on the wearing surfaces. 
Since surfacing, these dies have produced 6000 good forgings be¬ 
fore requiring rehard facing, and the coated metal has b^n espe¬ 
cially resistant to the washing out and chipping which are charac- 
eristics of dies coated with ordinary hard-facing material. 

These qualities of softness and ease of machining might 
seem to imply poor aptitude of .the alloy for wear- 
resisting service, but considerable experience already 
has shown that the toughness and freedom from galling 
shown by this alloy at high temperature very well fit it 
for the coating of the hot die type of work in which the 
surfacing metal is subjected to repeated steep tempera¬ 
ture gradients combined with heavy rubbing wear. Be¬ 
cause of the softness or toughness retained at working 
temperature, the Hastelloy alloy C deposited metal does 
not crack or spall off like the hard alloy deposits. Al¬ 
though a superficial sort of crazing develops early in 
service, experience has shown that this does not progress 
into the b^ metal or tend to separate the deposit from 
the base metal. The surfacing material, therefore, 
effectively retains its machined smooth face and does not 
leave scrapes or gouges in the surface of the formed part. 

Since the deposit^ metal is relatively soft, it has been 
fotmd by experience that the residual thickness of deposit 
after machining usually should not be greater than Vifi 
in. This thickness of material gives ample protection 
for hard-facing purposes and has the further advantage 
that very little base metal has to be machined away be¬ 
fore surfacing. 

Typical examples of especially satisfactory applica¬ 
tions have been shell ptmches and drawing dies, draw 
rings for seamless boiler tubes, roller twist guides for hot 
rolling of bar stock, and hot shear blades. Two of these 
are shown in Figs. 18 and 19. In one particular case 
an S-in. diameter hot pierce punch 24 in. long was coated 
with Vi« in. of Hastelloy alloy C for a distance of 9 in. 
from the nose. After this had been machined to finish 
size, a 100% increase in production was obtained as 
compared with the former hard-faced deposit, which had 
been of the hard alloy type. In another typical installa¬ 
tion of a hot she^ blade, the average life of the blade 
was increased from two days to five weeks by the applica¬ 
tion of the Hastelloy alloy C surfacing material. 

The fact that the Hastelloy alloy C can be machined 


easily and yet be of exceptional value for facing hot- 
working tools is of great importance in the fabrication 
of cavity dies. Such dies are intricate in shape and very 
difficult to grind; therefore, the use of hard-facing ma¬ 
terial that must be ground to final dimension imposes a 
considerable handicap on the cavity die manufacturer. 
However, m achin ing of such cavity dies is a matter of 
conventional equipment, and Hastelloy alloy C, there¬ 
fore, has proved to be very satisfactory. Many tests 
have proved that excellent life is obtained from such 
cavity dies and this promises to be one of the largest 
and most important applications of Hastelloy alloy C 
stirfacing material. 

Still another recent development is the application of 
these nickel base alloys to parts subjected primarily to 
corrosion, where a surface layer of one of the corrosion- 
resistant Hastelloy allo}^ on a steel base metal is suffi¬ 
cient to withstand the corrosive action. Many parts 
have been given greatly increased life by this procedure. 
Shafts and shaft sleeves for pumps handling hydro¬ 
chloric and sulphuric acids are typical. Hastelloy alloy 
B gives excellent service in contact with hydrochloric 
acid and satisfactory coating may be readily obtained 
by metallic arc welding with a coated Hastelloy alloy B 
electrode. For sulphuric acid, Hastelloy alloy D applied 
by flame welding is recommended. In either case, the 
coating after machining, need be only about Vs-in- 
thick. Another example of this specif use of these 
allojrs is the facing of plug valves for isomerization units 
in oil refineries. Worn or corroded valves are recondi¬ 
tioned by the application of a layer of Hastelloy alloy B 
rod applied either by metallic arc or flame welding. The 
throat and inside of the body and both the seating sur¬ 
face and port of the plug are coated to a depth to allow 
Vs-in. thickness of deposit after finish machining. Many 
gate and globe valves also have been salvaged for longer 
life by applying the proper Hastelloy alloy to the cor¬ 
roded areas. This process is adaptable in the reclama¬ 
tion or primary manufacture of many types of equipment 
for handling adds and strong corrosives. 

Summary 

It is dear from the above discussion that the modem 
welding engineer has at his disposal a variety of hard- 
fadng and surfacing materials from which to choose and 
that in many instances they can be applied by mechan¬ 
ized methods. Several me^ods of mechanization useful 
with several types of hard-facing alloys and at least one 
new method of hard fadng have been described. This 
method promises to be espedally suitable for the inter¬ 
mittent type of surface or where only the very hard tung¬ 
sten carbide granules are serviceable. A new siufacing 
alloy that is applicable by either dectric-arc or flame 
welding with unique properties of machinability and 
excellent endiuance for hot die work and similar alloys 
for surfacing parts subjected to severe corrosion have 
been descrit^. 
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furnace prior to placing it in the welding machine, by an induction coil, by 
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How to Estimate the Volume of 
Oxygen in a Cylinder* 


B y referring to the chart, a welding and cutting 
operator can easily estimate the volume of oxygen 
in a cylinder to within 5 or 10 cu. ft. Locate the 
point on the chart where the vertical line {cylinder gauge 

* Reprinted from Oxy-Ac«tylene Tips, The Linde Air Product* Co. 


pressure) crosses the diagonal line {temperature) and then 
follow the horizontal line to read the figure in the left- 
hand column. For example, if the oxygen regulator indi¬ 
cates a cylinder pressure of 1400 psi. and the room or 
atmospheric temp^ature is 60° F., the approximate 
volume of oxygen in the cylinder is 160 cu. ft. 


TEMPERATURE DEG. P. 0 20 40 60708090110 



CVLINDER GAUGE PRESSURE, LB. PER SQ. INI. 

Chart Indicates Approximate Consumption 
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Welding and Cutting 
by the Seabees* 

By Commeuider Kenneth C. Lovell, (C.E.C). U.S.Nt 


B attles are spectacular but would not be possible 
but for the spade work of Industry and others. 
The Seabees were organized to construct bases 
and keep equipment in repair for the fighting forces. 

Welding and cutting by the Seabees were used prin¬ 
cipally for repairs. 'V^ere the repairs were relatively 
simple, all the work was undertaken by the Seabees, but 
where the damage was extensive, only enough first-aid 
repair was attempted to enable the ship to proceed under 
its own steam to port for complete repairs. The tools 
of welding and cutting, used under tr 3 dng conditions of 

* R^suns^ of paper presented before the New Jersey Section of the Axbu- 
CAN Wblpino SoarrY,0.t3b.r 16.1946. 

t Bureau of Yards * Docks Navy Dept.. Washington, D. C. 


weather and battle by relatively few men, were respon¬ 
sible for saving many ships whi^ otherwise would never 
make port. Several exciting examples were dted. 

One production job consisted of assembling pontoons 
(pronounced Pon tune by the Navy). These were large 
steel boxes 5 ft. x 5 ft. x 7 ft. which were shipped knock-¬ 
down to conserve space. One unit of the Seabees con¬ 
sisting of 418 men and 6 officers completed 21,822 of 
these pontoons in 18 months. These pontoons were use¬ 
ful as barges, bridges, causeways, dry docks, etc., when 
assembled together. 

Acetylene was obtained from generators on the spot. 

Oxygen was obtained from Air Force stations and 
usually flown in. 

Current was obtained from gasoline-driven generators 
at first and later by using Deisel-electric power stations 
to power electric motor-driven generators. 

The storing of electrodes was difficult. Most elec¬ 
trodes had to be stored in tight boxes with electric lamp 
bulbs to heat and keep the boxes dry because of the high 
humidity. 

Under all the trying conditions, welding and cutting 
were very useful tools which enabled the Seabees to per¬ 
form miracles and keep our fighting forces on the go. 
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Dr. Samuel L. Hoyt, technical adviser 
of Battelle Memorial Institute. Columbus, 
Ohio, and author of many technical papers 
and several books on metallurgy, has been 
active in the metals &eld for more than 
thirty years. 

A native of Minneapolis, Dr. Hoyt was 
graduated from the University of Minne¬ 
sota with a mining engineering degree in 
1909. From 1909 to 1913 be studied at 
Columbia University and at the Charlot- 
tenburg Technical School, Berlin, Ger¬ 
many. He received a Doctor of Philosophy 
degree from Columbia University in 1914. 

From 1913 to 1919 be was assistant and 
associate professor of metallography at 
the University of Minnesota, and from 
1919 to 1930 was research metallurgist 
with the General Electric Company. In 
1931 he became associated with the A. 0. 
Smith Corp. and later became director of 
metallurgical research of that corporation. 
He joined the staff of Battelle Institute as 
technical adviser in 1939. 

Dr. Hoyt is a member of the American 
Society for Metals, the American Institute 
of Mining and Metallurgical Engineers, 
The American Society for Testing Ma¬ 
terials, the American Welding SociExy, 
Sigma Xi, the Army Ordnance Association 
and the Institute of Metals (England). 


He has been active in the Schenectady 
and Milwaukee Chapters and the National 
Office of the A.S.M. and has been on vari¬ 
ous committees of the A.I.M.B. Institute 
of Metals Lectiuer in 1930, and the A.S.M. 
Campbell Memo-ial Lectiuer in 1940. 
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Dr. Hoyt has served on the A.S.T.M. 
Committees on High Temperature Alloy, 
and is currently a member of the Welding 
Research Council oi the Engineering 
Foundation. 

Dr. Hosrt, is particularly known in the 
industrial world for his l^tdership in the 
development of cemented carbides for 
cutting tools and for his work on tempera¬ 
ture-resistant allosrs. At the A. O. ^ith 
Corp., an important phase his duties 
was to guide the metallurgical develop¬ 
ment of high-strength oil-well casing, and 
vessels for the oil, chemical and allied 
industries. At Battelle, in addition to 
acting as adviser on varied metallurgical 
research problems, he directs the Insti¬ 
tute's program of Welding Research. In 
the spring of 1945 he was called upon by 
the War Department to serve as an expert 
consultant on a military mission, and 
spent three months in Germany investi¬ 
gating its wartime activities in metal¬ 
lurgical research. 

A prolific writer on metallurgical sub¬ 
jects, Dr. Hoyt has made numerous con¬ 
tributions to the technical and trade 
journals and has been the author of several 
books and monographs. One of his most 
recent works, the Metals and Alloys Data 
Book, was published in 1943 by the 
Reinhold Publishing Corporation. 
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Adams Lecture—Selection of Steel for 

Welding 

By S. L. Hoyt* 


O bviously this discourse should start with a 
description of what it is that is being discussed. 
It includes as the most important constituent 
that certain elusive something which is called “weld¬ 
ability" but, since everyone agrees it cannot be truly 
defined, we will simply dispense with that. Actually, 
however, that is only part of what we are discussing and 
I prefer to say that we are talking about "welding qual¬ 
ity" — what it is, how to get it, and what to do with it 
once you have it. Weldability is something you need 
for fabrication, while welding quality is that plus what is 
needed for service, with emphasis on the point that it is 
a welded structure that is being used. This is still a 
tricky question for the welding industry and is doubtless 
also one of the most important problems before the steel 
industry since welding has now become the major route 
by which steel reaches its ultimate market. 

This conviction that materials need our careful con¬ 
sideration led to my decision to discuss the “Selection of 
Steel for Welding” in the 1945 Adams Lecture. It is 
perhaps unnecessary to point out that in honoring our 
distinguished honorary member and profound student of 
the welding sciences, Dr. Comfort A. Adams, this dis¬ 
cussion will be profaned as little as possible by references 
to economic aspects. 

Upon embarking on this discussion, I want to lay 
down a couple of premises. The first is that there is a 
certain community of interest between those who make 
and sell the steel, ^ose who fabricate and sell the finished 
product, and the user who pays for it all. I would even 
go a httle farther and say that the fimt two have an im¬ 
plied obligation to the latter, and that all three have an 
obligation to the public when it is concerned with or af¬ 
fected by the use. In other words, there is good reason 
for a common interest in welding quality. While I be¬ 
lieve the spirit is willing enough on the whole, effective 
cooperation depends on a fine understanding of the facts. 

This brings us to the second premise which is that 
everyone should help develop the pertinent facts and 
then be willing to go along with the findings. The 
justification would be the assumption that the best in¬ 
terests of all would be served in the long run. 

These premises do not make the situation any easier, 
nor do they settle anything, but they do give a simpler 
and clearer basis for this discussion of the problem of 
securing steel for uses which involve welding in fabrica¬ 
tion. I think they serve another useful purpose, in that 
they put in its true light the emphasis that rightfully be¬ 
longs on the facts. The ideal situation, a sort of Utopia, 
would be one in which everyone concerned knew all 
that was needed to be known and also was capable of 
doing everything that needed to be done. Then the 
steel would have just the right composition; it would be 
made and processed in just the right way, the engineer 
would d esign in just the right way, the fabricator would 
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do his job likewise with a minimum of scrap losses, and 
the conditions of service would have been so faithfully 
predicted that nothing would happen to cause premature 
failure of any part. Furthermore, the methods and ma¬ 
terials used would accomplish this in the most economical 
manner. Whether we are aware of it or not, I believe 
the Utopia I have described is the goal for every ap¬ 
plication. Differences of opinion arise from lack of in¬ 
formation or from differences in interpretation when the 
facts are inadequately known. This leads to differences 
in practice, though that may also come from limitations 
in facilities. 

I presume a third premise is also in order, an assump¬ 
tion (or admission) that metallurgical and welding en¬ 
gineers still don’t have all the facts and information 
needed and, hence, that the most we should now expect 
is a sort of smoothly running chaos. 

To develop the discussion which I have now outlined, 
I have selected certain examples which seem to me to 
bring out the major points; but as an introduction, a 
brief case history will be dted to introduce these princi¬ 
ples in rather simple fashion. 

The introduction of a new line of stainless steel equip¬ 
ment gave an opportunity for the cooperation I have 
mentioned. This equipment was all large and, if it were 
made solid, the investment cost would be quite high. 
The answer was the use of light-gage stainless steel at¬ 
tached to plain steel plates, with the sections welded in 
the shop, or even erected in the field. It is known that 
stainless steel may be affected by welding and other 
thermal treatments of fabrication, depending princi¬ 
pally on its composition and on other factors which are 
not so clearly understood. This was where fact finding 
became very valuable, since it was necessary to secure 
and process steel which would pass through fabrication 
and still withstand highly variable corrosive conditions 
met in the field. Under such conditions some factor 
has to be adjustable to make ever 5 dhing integrate to 
give a satisfactory product. The principal factor in 
handling this situation was the selection of the steel, by 
heat if necessary. Obviously, this depended on the 
ability of the steel maker to deliver the right kind of 
stainless steel and in our ability to select the proper sheets 
and fabricate them without sacrificing the desired char¬ 
acteristics. 

In one case, a certain amount of corrosion was ex¬ 
pected and permitted and the problem was to keep the 
corrosion below an agreed-upon rate. Here, too, it be¬ 
came necessary to find out the facts that we needed to 
know. These covered the corrosion characteristics of 
different heats or lots of the type of steel which was 
selected, and the effects of welding and fabrication. We 
had to go in one direction to the steel maker and in the 
other to the user of the equipment, and then see if we 
could fit ourselves in between. 

The experimental work on the crucial point had shown 
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that some beats came below the ^reed-upon rate of 
corrosion and that others came above it. The situation 
was such, however, that we did not have to determine 
the cause of this variation—the steel mill agreed to per¬ 
mit us to select heats for application on this order. 
The first deliveries were definitely deficient, though the 
next ones all passed the acceptance test satisfactorily. 
The vessels were constructed and successfully pass^ 
into service. 

These examples are cited because they bring out the 
principle of cooperation, or at least mutual attack on the 
problem, and also illustrate a procedure. Some may 
feel that these are exceptional cases because stainless 
steel is rdatively high priced. With expensive ma¬ 
terials, the producer can afford to take extra risks or 
permit the s^ection of heats; the fabricator can justify 
a lot of testing and experimentation which, possibly, 
would not be true for cheaper materials; the service 
conditions are severe and the user is paying a high price 
for equipment to handle them so that notlung less than 
a high-grade job would be fair. With some of that I 
would agree, l^t certainly not with the implication that 
all that gathering of facts was justified simply because 
we were handling a relatively high-priced material. 
More of that later, but as examples of ^e general prob¬ 
lem, my first cases are almost oversimplified. Their 
virtue is that they are simple enough to show the broad 
principle of mutual interest in steel selection, and com¬ 
prehensive enough to bring out the importance of weld¬ 
ing quality. Their limitation is that they seem to indi¬ 
cate a relatively simple treatment of the problem, 
namely, that the selection of heats is a substitute for 
knowledge of basic information. 

A more instructive case is that of the so-called mild¬ 
er low-alloy steels because the criteria of performance 
are more complex and selecting heats is practiced less 
freely. A corollary that I empl^ize is that basic knowl¬ 
edge is more urgently needed as the tonnage steels are 
approached. 

The term “low-alloy steel” (when used for this class 
of steels, it should be pointed out) is usually restricted 
to a group of proprietary steels which have a yield 
streng^ of 50,000 psi., combined with good fabricating 
properties, and enhanced corrosion resistance. Logi¬ 
cally viewed, there seems to be no good reason for limiting 
this class of steels to one specific strength, and for the 
purposes of this discussion a broader definition will be 
used to cover steels which rely mainly on alloy rather 
than increased carbon content to secure strengths above 
that of mild steel. In particular, this recognizes the 
simple nickel, copper, manganese, silicon, molybdenum, 
chromium and vanadium steels. It also recognizes 
steels whose yield strength comes between that of mild 
steel and 50,000 psi. 

The idea back of these steels is sound, especially in 
view of the large use that is now made of welding in 
fabrication. Their potentialities for usefulness are so 
great that they deserve most careful study, particularly 
for applications which place emphasis on weight saving. 

Since it is strength that is to be increased, a basic fea¬ 
ture of the steel is its composition. While it is technic¬ 
ally possible to strengthen steel by cold work or by heat 
treatment, the latter methods are not considered here 
other than to recognize that an additional increment of 
strength can be secured with copper and molybdenum 
steel by the stress-relieving treatment. In other words, 
a composition is selected which gives the steel the de¬ 
sired strength with low carbon and without too great a 
reduction in weldability, ductility and toughness. 

Improved atmospheric corrosion resistance is also 
necessary for certain applications and this is also 
achieved via composition. By keeping undesirable ele¬ 


ments on the low side and adding elements like copper, 
phosphorus, chromium, etc., a satisfactory solution can 
be achieved. These elements also contribute to strength 
and their dual effect is well recognized. Judging from 
the number of these steels on the market, numerous 
solutions have been found to this problem. 

Phosphorus, when used, is a critical feature of the 
steel composition and may illustrate the kind of infor¬ 
mation that all concerned ^ould imderstand. This 
element has the highly desirable characteristics of im¬ 
proving both streng^ and corrosion resistance, but when 
a little too much is used the steel loses toughness and 
weldability with disconcerting rapidity. Further, this 
also depends on the amoimt of carbon present. On this 
accoimt, a limit of 0.25% should be placed on the per¬ 
missible sum of carbon and phosphorus, while the steel 
should be made with care to control the oxygen if the 
best results are to be had from phosphorus. If this 
amount of carbon and phosphorus does not contribute 
sufficient strength for the intended application, addi¬ 
tional alloy is needed. 

In mentioning phosphorus this way, I do not wish to 
be imderstood as suggesting that it should not be used. 
Its virtues are such that its possibilities should be fully 
explored, and I know of no way to secure strength any 
more ea^y than with carbon and phosphorus. Carbon 
likewise has a dual personality of Dr. Jekyll and Mr. 
Hyde and causes plenty of trouble when not properly 
controlled. What is more to the point, I b^eve, is 
that this example illustrates the tightening of the rules 
of recent years. He who masters them is able to take 
advantage of effects that mean trouble for him who does 
not. Thus, the rules are of significance to both fabri¬ 
cator and user and, when ignored, unhappy results are 
encountered in welding and in service. 

What I am getting around to is that the user should 
have an intelligent estimate of the requirements for 
strength, ductility, toughness, weldabiUty, corrosion 
resistance, fatigue, wear, etc., and understand how they 
are obtained metaJlurgically, and then buy just what is 
needed. Anything more is an economic waste and, in 
my opinion, is not good business for anyone. Though 
there cannot be a special steel for each particular com¬ 
bination of requirements, if the consumer will tell the 
manufacturer what he needs and then make concessions 
on what he does not need, and put it up in the metal¬ 
lurgical language that the steel mill can understand, 
both parties w^ be more than repaid in satisfactory 
steel performance. It seems that the fabricators and 
users are taking too passive a stand in this situation 
that so vitally affects their interests. In fact, they 
might profit by the example of early Italian audiences 
at theatrical performances. They were anything but 
passive. On one occasion, the play depicted a t)rrant 
who, in an early scene, gave a sword to his son witi the 
command to use it at once on the helpless young wife 
standing in the comer. The audience immediately 
protested this unseemly proceeding and would have 
none of it until the actor stepped forward and reassured 
them that everything was quite all right. Only then 
was the performance permitt^ to continue. 

' An application that comes to mind in connection with 
mild-alloy steels is bodies of railroad cars. They must 
have strength and stiffness and yet weight is an ever¬ 
present factor. Welded construction appears to be 
ideally suited to this application and yet ^e operating 
conditions are sudi that the question of welding quality 
is bound to be vitally important. Various specific ex¬ 
amples could be cited, but the case of the hopper car 
seems to be particularly pertinent. 

The hopper car can be made considerably lighter if 
made of steel with 50,000 psi. yield strength, and quite a 
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number have been made in the lightweight construction. 
However, it so happens that if too much weight is taken 
off, while the total loaded weight remains at the full 
rated capacity, the regular brakes are too powerful for 
good operation when the car is running empty. Unless 
a second brake is added, this light load sets a limit to 
the saving in weight. In one case that I calculated, the 
maximiun yield strength that could be usefully employed 
was 44,000 psi. In fact, it was a little below this but it 
might be useful to be able to strengthen, stiffen or thicken 
certain of the more vulnerable mem^rs. This raises 
the question of why should the railroads purchase steel 
with a higher strength than they can economically use. 
One legitimate reason might be that they are purchasing 
corrosion resistance, with the extra strength a by-prod¬ 
uct. 

While I promised to say as little as possible about 
price, it is actually a most important factor in the selec¬ 
tion of steels and must usually be balanced against the 
requirements for welding quality. In most cases, if the 
price is out of line, there will automatically be no weld¬ 
ing problem, at least for that particular steel. With 
the 44,000 psi. yield strength steel just mentioned, there 
will be a small extra cost for alloy, but this steel costs 
less per 1000 psi. yield strength than either the cheaper 
mild steel or the stronger mUd-alloy steel of 50,000 psi. 
yield strength and, hence, is in the most favorable situa¬ 
tion to save both weight and cost. 

With the 50,000 psi. steels, there is an additional 
quality factor which costs money and, hence, needs to 
be appraised—the “fine-grained" condition in which 
many, if not most, low-alloy steels are now made. The 
full aluminum killing which produces this fine-grained 
condition contributes materially to desirable character¬ 
istics of the steel, such as improved weldability and low- 
temperature toughness and, I suspect, corrosion resist¬ 
ance. On the other hand, this costs something (ac¬ 
tually it is a material part of the price of the steel) and, 
hence, the value of this investment should be appraised 
for important applications. The railroads, for example, 
made all of their earlier freight cars out of rimming 
steel; and I think it is a good question, when they 
changed to higher strength steels why did they also 
swit^ to the more expensive, fully killed condition? 
In a typical case, that amounts to about $100 per car. 

Of course, this discussion is not complete when cor¬ 
rosion is neglected, but there is not sufficient time avail¬ 
able to discuss it. That is a very complicated problem, 
but it too should be studied to secure the data needed to 
set up the requirements for car bodies. 

The selection of steel for welded oil well casing offers 
a particularly good example of the points I am trying 
to make. CW well casing which is used for the deeper 
holes must have adequate strength to resist the great 
pressures that tend to collapse it. At A. O. Smith 
Corporation, where I was formerly employed, it was de¬ 
cided to manufacture casing by the process of Professor 
T. M. Jasper which utilizes cold compression to secure 
the necessary resistance to collapse. 

This casing was made by flash welding and, conse¬ 
quently, we had the problem of securing steel in com¬ 
mercial quantities which was of good weldability arfd 
which would stand the severe requirements of the ser¬ 
vice conditions. As one of the preliminaries, we soon 
learned that we could not and should not use steel that 
was too notch sensitive. Not only did scrap losses in 
production increase sharply, but such steel could not 
pass our simulated service tests. We ultimately traced 
these difficulties to notch sensitivity as the factor which 
was primarily responsible. 

It will doubtless occur to many that a fully killed, 
fine-grained steel would be ideal for this application. 


We were well aware of that, particularly because the 
virtues of this grade of steel had been described in the 
various bulletins of Herty and associates. Our own 
laboratory tests confirmed that fully for weldability 
and other characteristics. In the end, however, we 
could not justify the extra expense of this quality much 
as we would have welcomed its assistance in the solution 
of our metalliu'gical problems. Consequently, this 
situation called for a study of the requirements of weld¬ 
ing and fabrication and of the users of the casing. 

At the start, we were “fortunate” to have an expe¬ 
rience which gave a clue to the great significance of steel 
making in controlling welding quality. The steel was a 
basic open-hearth steel of standard commercial quality. 
Some of it was made by a practice which resulted in a 
relatively homogeneous condition and with as complete 
a deoxidation as can be secured with about 1.35% man¬ 
ganese plus the effects of the small amount of silicon of 
semikilled steel. Some of it was made by a different, 
though still commercial, process that resulted in a more 
heterogeneous and somewhat more oxidized condition 
which showed bands with oxidized inclusions in them and 
a relatively frequent occurrence of high-phosphorus 
bands. The latter ran as high as 0.15% phosphorus in 
one case. In the outbent fiber of a flash-welded joint, 
this condition produces too great brittleness. While 
both kinds of steel passed acceptance tests with no dif¬ 
ficulty, we could not use the latter because it lacked 
welding quality. 

The steel wffich was made properly for our application 
proved to be quite satisfactory. At one time, after we 
had had a large amoimt of experience with it, we decided 
to make a thorough check of our earlier diagnosis and 
conclusions. For this, we followed five heats of 150 
tons each from the start of melting in the open hearth, 
through fabrication and final shop inspection. Various 
laboratory tests were also included to complete the 
data. For the ptuposes of comparison, it was unfortu¬ 
nate that these heats came so uniform and satisfactory in 
quality, but at least we had the asstirance that when a 
certain melting practice was followed, we also obtained 
good results in fabrication. Of the five heats, only one 
gave evidence of being a little out of line with the others. 
The melting data and slag records indicated that it was 
a slightly colder heat, and in fabrication it also made a 
slightly poorer record than the others of the group. 
Too mu(h emphasis should not be put on this, nor on the 
slightly higher amount of iron oxide which this heat 
showed on analysis, but it was in agreement with our 
feeling that the condition of oxidation of the steel had a 
bearing on welding quality. 

I have hastily gone over several years of work on this 
problem of securing steel for welded casing. Actually, 
we spent more time on this steel than we did on the 
stainless steel. Furthermore, with the practice set up 
on a sound basis, it became possible to exploit this steel 
with confidence. One of the next things we decided to 
do was to check it for response to heat treatment, or a 
liquid quench and draw. This seemed like metallurgical 
heresy, since it was inherently not the heat-treating 
type, but we knew this was a steel of excellent and uni¬ 
form commercial quality. A large amount of laboratory 
testing of many different heats showed what kind of 
response in heat treatment we could rely on and this 
seemed to make it possible to produce a still stronger 
casing. It was subsequently found in production, with 
a water quench and draw, that we had a highly versatile 
process which was capable of meeting the equally diver¬ 
sified field conditions. This was achieved with a rela¬ 
tively simple steel when, — and this is the point I em¬ 
phasize — it was manufactured to suit oim requirements. 

This experience brought out an additional point which 
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came up when welding lengths of casing at the hole. 
This was done by arc welding and since smaller amounts 
of hardening elements were used (not over 0.30% C 
and 1.25% Mn) and strength was secured by cold work 
(or a liquid quench plus drawing) the better weldability 
made fi^d welding that much easier. 

Finally, the late war provided an application for this 
“know how” in the production of enormous tonnages of 
flash-welded and heat-treated demolition bombs of the 
larger sizes from 500 lb. up. Both the steel and the 
fabrication practice successfully stood the test of large- 
scale and continuous production. 

The case of this steel is cited to show what can be ac¬ 
complished when the results of long-continued and 
searching studies of the requirements of fabrication and 
service are used to guide ^e manufacture of the steel. 
It is also cited to show how the fabricator and user 
benefit from the ability of the steel maker to produce 
steel which meets those requirements. 

To anyone interested in the selection of steel for weld¬ 
ing, the question of ship plate is bound to enjoy top 
billing. Not only are ^e engineering problems basic 
to those of the design, fabrication and materials for 
heavy welded structures, but there was also something 
about welded ships that was not adequately understood. 
The consequences of that lack of tmderstanding have 
been so striking that one's instinct to unravel the mystery 
is immediately aroused. 

Our imme^ate problem here, however, is not the 
broad engineering problem of the welded ship, but the 
more specific one of the steel and its relation to the prob¬ 
lem of making a sound, reliable and seaworthy welded 
ship. Obviously, the steel must be ductile for fabrica¬ 
tion and for safeguard against accident, and it must 
have the strength that the engineer relies on in his de¬ 
sign. We sho^d also raise the question—what is re¬ 
quired in addition? 

According to a recent record which applied to about 
3000 ships, in over 400 of them cracks ^d started at 
some focal point and then spread for some distance in a 
brittle manner; in five cases, this resulted in the com¬ 
plete parting of the ship. These are the so-called brittle 
ships. The steel itself is a mild, open-hearth steel and 
it is known that the failures were not due to lack of 
tensile strength or ductility. The question arises— 
what were they due to ? 

Actually, this is a typical case of “brittle failtire of 
normally ductile steel” for which various causes might 
be responsible. For the explanation there have arisen 
two spools of thought. According to the first, the 
stresses in the ship, of one kind or another, are relied on 
and, obviously, it took stress to break the steel. The 
other, more aware of the inherent nature and character¬ 
istics of steel, looks to the material itself as a likely weak 
spot in spite of its meeting the specifications satisfac¬ 
torily. These viewpoints will be thscussed, particularly 
to point out what there is about steel that may be 
critical and how the situation may be helped by attention 
to the selection of the steel. 

Parenthetically, this ship situation reminds me of the 
words of the Emperor, seeking good advice: 

“Spare us thy words! The time is pressing; 

This is no place for riddle-guessing.” 

-Faust 

Many of you know how seriously these sentiments have 
been taken and that, suiting action to word, this ship 
problem is being most carefully examined. 

Judging from published statements, great emphasis 
has been placed on locked-up stresses in explanations of 
ship failures. The fact of such residual stresses cannot 
be doubted. It is common knowledge that welding 


produces a band of metal on each side of the deposit 
which may be stretched even beyond the yield point. 
The stress system thus produced can be called “weld 
stresses” since they arise from the heat of welding and 
are localized at the joint. In the absence of stress re¬ 
lieving, the structure is left in a stressed condition. 
That is all clear, but statements on the point do not, as 
they shoiild, connect these stresses to the brittle frac¬ 
tures. The path of fracture through the ship does not 
suggest that weld stresses cause, or contribute materially 
to, the fracture; and furthermore, part of those stresses 
are compressive. For all we know, the residual com¬ 
pression stresses may have had a beneficial strengthen¬ 
ing effect. 

Students of stress analysis recognize another stress 
system which, while it residts from welding a structure, 
forms at locations away from the welded joint. These 
are reaction stresses but the laws governing their position 
or distribution seem not to be very well understood, at 
least as far as my information goes. From work we 
have been doing at Battelle on reaction stresses this 
should be a worfli-while field for investigation, since the 
stresses can be surprisingly high and, conceivably, 
could leave the ship’s structure vulnerable to the effects 
of severe service stresses. 

One objection to the use of “locked-up” stresses to 
explain ship failures is that it leaves the proof up in the 
air. So far, that is simply an assumption; and for all 
that is known, they may or may not have contributed, 
depending prindp^y on their location and sign. In¬ 
ternal stresses can be favorable, as in autofrettage, shot 
peening, etc., or they can be unfavorable. Our work at 
Battelle shows how necessary it is to study the problem 
under controlled experiment conditions, if one wishes 
to determine the magnitude and sign of these stresses. 
How can one know, without actu^y measuring them, 
whether such stresses in ships are harmful or benefidal? 

This is not an argument against locked-up stresses as 
contributory causes of brittle ship failures—it is rather a 
plea for the determination of the facts. It could very 
well be that these stresses, when uncontrolled, might 
leave a ship in such a state that it is ready to snap. On 
the other hand, it might be possible for the wdding 
engineer to use these stresses actually to strengthen the 
ship by controlling his welding sequence. 

Coming to another factor, whose importance needs 
special emphasis, I believe it is correct to say that ship 
failures start at some sort of discontinuity or stress 
raiser. These stress raisers can be classified as those 
which are inherent in the design of the ship structure as 
a whole, those which are due to design details, and ac- 
ddental or inddental stress raisers. Metallurgfists have 
long been concerned with stress raisers and the present- 
day philosophy would be approximately—avoid stress 
raisers wherever possible or provide generous radii when 
not, and use steel which is as resistant to their presence 
as conditions otherwise warrant. Applied to welded 
ship construction, the streamlining of stress flow in a 
ship's structure should be treated just as critically as is 
the streamlining of the hull for easy passage through the 
water. For example, the junction of the superstructure 
and sheer strake and comers of hatchways should be 
given special treatment to minimize bad stress condi¬ 
tions. 

Failures have also started at other focal points which 
do not show up on the blueprints, one such being a nick 
in the bulb angle which is welded to the side plates to 
make the railing. The history of the welded ship tells 
us that all such focal points should be eliminated or 
minimized and apparently considerable progress has 
already been made in this direction. 

While on the subject of stresses in the ship’s structure, 
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it seems worth while to consider the effect of cooling the 
superstructure and deck at times when the hull remains 
more or less constant in temperature. The “Sche¬ 
nectady,” for example, had been at sea and certainly had 
been rather severely stressed. If locked-up stresses 
had left the ship in a dangerously stressed condition, 
ready to pop as it were, one would expect that the neces¬ 
sary increment would surely have been encountered. 
However, this ship broke when quietly moored at its 
dock. Was it not the shrinkage of the upper part of 
the ship in the cooling air that produced the necessary 
increment of stress? A relatively small temperature 
differential is known to produce high stresses, and when 
these are mtiltiplied at the stress raisers, it is entirely 
possible that the breaking point could be exceeded. 
These ship failures have occurred predominantly in 
cold weather and that is consistant with the above. 
In summer, the tendency would be for stresses in the 
upper structure to be compressive and therefore that 
much less likely to cause trouble since the hull structiu^ 
is probably less vulnerable. 

One feature of the welded ship deserves special men¬ 
tion—the mechanism which makes possible the transfer 
or flow of stress from source to focal point of failure. 
This is provided by the so-called “rigidity” of the struc¬ 
ture as a whole which is a necessary consequence of 
welding all the joints. Riveted joints are barriers to 
stress flow since they dissipate the stress by local dis¬ 
tortions or movement; the welded joint passes stress 
on and the ship acts as though cut from a solid block of 
steel. Instead of dissipating themselves, the stresses 
build up and the steel has to t^e it. 

A chisel mark or defect in the rail of a riveted ship is 
relatively harmless because stress, arising at a distant 
point, scarcely reaches it. With a welded ship, the 
stress permeates even to such a minor focal point. This 
rigidity of the welded ship structure is not a properly 
assignable cause of failure, but is assuredly responsible 
for transmitting the stresses which do. Rigidity must 
accentuate both stress concentrations and t^eeAlimen- 
sional stresses and is advanced here as a cardinal feature 
of the problem of welded ships. 

Having briefly touched on the rigidity of the ship’s 
structure and the possible effects of locked-up stresses, 
I would point out that the metallurgist, looking at the 
same failed ships, is anything but content to rest at this 
point and adimt that all pertinent factors have been 
considered and that the plan for necessary remedies is 
ready for proposal to the ship builders. I believe he is 
boimd to feel that the statement thus far, and particu¬ 
larly the reliance on locked-up stresses, is an oversim¬ 
plification. Quite the contrary, he will wish to inquire 
into the characteristics of the steel which went into the 
ship since, after all, the material of which a structure is 
made must also be significant. There are indeed cer¬ 
tain features of this situation that make it advisable to 
pay close attention to the steel. 

It is known that the geometrical discontinuity, or 
stress effects, at a notch can produce a brittle failure in 
normally ductile steel. 'What is more to the point, it is 
also known that the same notch will give a brittle failure 
in one steel and a ductile failure in another, though the 
two steels are exact duplicates of each other in the ten¬ 
sion test. Since the brittle ship failure is typical of the 
behavior of notch-brittle steel, it is quite in order to 
look into this aspect of the case. 

The steel its^ is known not to be critically deficient 
in tensile strength and ductility since that was shown by 
tension tests of failed plates. On the basis that the 
locked-up stresses, geometry and service conditions were 
essentially uniform, it woiffd be entirely possible that 
the failures happened to those ships which, by pure 


chance, were made of steel of the more notch-brittle 
type. The circiunstance that the failures occurred in 
winter is in line with this idea since it is known that 
steels become notch brittle at low temperatures, some 
steels more so than others. If one approaches this prob¬ 
lem with steel in mind, there is the strongest incentive 
to assign this factor a major role. He would assume, at 
least tacitly, that a truly tough plate steel would have 
withstood the conditions that caused the brittle fail¬ 
ures. The knowledge that about 2600 of these ships were 
sound makes such an assumption highly plausible. 
Before going that far, however, let us remember that 
under certain severe conditions, all of the common 
plate steels break brittle when notched. It is well 
known that hot-rolled plate steels, irrespective of their 
room-temperatxire toughness, become notch brittle at 
some low temperature so we may say that low tempera¬ 
tures, if sufficiently low, equalize the notch behavior of 
steels which differ in notch toughness at higher tempera¬ 
tures. Might not this behavior be accentuated in a 
welded ship ? This question of the effect of size is easier 
to ask than to answer, but before engineers can design 
intelligently for large, rigid structures, the behavior of 
steel under such conditions must be studied. 

This characteristic of notch brittleness is not new. 
It has been discussed in om literature for a half century 
and both French and English engineers developed tests 
for it. In a more practi^ way, it is much older than 
that, for it was a decisive point in the early competition 
between Bessemer and open-hearth steels when they 
were being tried out for various applications, among 
them being ship plate. Bessemer plate and bars, made 
with no attention to toughness, had a disconcerting way 
of breaking “treacherously” in fabrication, and open- 
hearth steel won out. Tim is all recorded in the early 
numbers of the Journal of the Iron and Steel Institute. 
Those failures were characterized by just one thing— 
brittle fracture of normally ductile steel—and when 
that occurs suddenly without warning, the steel is in¬ 
deed treacherous. 

Ship plate is open-hearth steel. It may be new to 
some that open-hearth steel varies in no^ behavior, 
but tests show that to be true. It has been my experi¬ 
ence that strips 40 ft. long can split the full length when 
being cold formed and that even a mild and ductile 
grade of soft steel will at times develop edge cracks when 
a sheared edge is subsequently stretched in forming. 
With such st^, either an edge anneal or a milling cut 
eliminates the splitting—not^-tough steel requires no 
such edge treatment. 

Published accoimts give little about the character of 
the steel in brittle ships, but it seems clear, from what 
has been stated, that ^e steel was brittle in the Charpy 
test at about 20° F. That is sufficient to indicate that 
the particular steel was relatively notch brittle. If it 
were possible to do so with precision and meaning, it 
would be interesting to compare that figure with similar 
data for steels from sound ships that Imd seen approxi¬ 
mately the same service. However, there can be little 
doubt that the use of steel which remains notch tough 
down to lower temperatures would be more satisfactory 
for welded ships. 

Before leaving the question of notch toughness, there 
is another aspect of the problems of locked-up stresses 
and rigidity to consider. Since ships cannot be stress 
relieved, and we must count on rigidity, we should ask 
what property of steel it is that guards against failure. 
After all, a failure is a result of the play of two opposing 
factors, only one of which is the applied stress. The 
other is the resistance or strength of the material. I 
have already shown that this strength properly cannot 
be the ten^e strength, since that relates to ductile be- 
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havior. On the other hand, since we are dealing here 
with the brittle failure, it is the cohesive strength of the 
undeformed metal. So if one advances locked-up 
stresses, plus service stresses, as the cause of failiu-e, the 
only way to complete that statement is to go on and say 
that they become great enough to overcome the cohesive 
strength of the st^. On that account, I want to know 
what the cohesive strength is to see what provision has 
been made to contain those disruptive stresses. After we 
have managed by design, weld^g technique and care 
in fabrication to minimize and equalize the stresses 
imposed, both internal and external, then we ^ould do 
the rest by providing steel with adequate cohesive 
strength. 

The cohesive strength must be just as significant as a 
safeguard against the brittle failure of ductile steel as is 
the tensile strength or yield strength for the case of 
uniaxial loading. It has the same significance as the 
transverse modulus of rupture for the so-called brittle 
materials. With ductile metals, a corresponding test 
for cohesive strength is far less simple but, nevertheless, 
it is equally as important. In this connection, I can do 
no better than quote what I wrote in 1936—“(The 
engineer) should realize that the integrity of his struc¬ 
ture in service may, and frequently does, depend on a 
property which his tension test does not measure. I 
refer to the cohesive strength of the undeformed metal 
and its ratio to the elastic limit” {Metals and Alloys, 
April 1936). 

Whether our approach to the solution of ship failures 
is via the stresses to which welded ships are subjected or 
via the strength of the steel of which the ship is made, 
cohesive strength is the property with whit^ we will 
ultimately be concerned. Recognition of this situation 
again places emphasis on notched-bar testing since that 
is the only procedure now known for approximating the 
level of cohesive strength. These tests would be the 
notched-tension type or the Charpy type and, when 
dealing with large structiu’es, large-s^e tests should be 
included. Of course, with all the current interest in the 
cohesive strength, it is not too much to hoi>e that we will 
some day have a method for the direct measurement of 
this property. 

Here I should like to note parenthetically how illogi¬ 
cal it is to use tension test data to evaluate the streng^ 
of steel under triple tensile stresses and stress concentra¬ 
tions. It is a basic principle that tests must develop the 
same behavior and produce failures of the same type as 
service. That is, ^e test must “correlate” with serv¬ 
ice. In wear tests, corrosion tests, etc., that principle 
is adhered to scrupulously and no one would accept the 
results if the test conditions did not parallel the service 
conditions which were under study. Then, why use a 
tension test, with its unidimensio^ stress, plastic de¬ 
formation and work hardening, to evaluate steel for 
service conditions which produce a cleavage fracture of 
the virgin metal, with no deformation? (^te the con¬ 
trary, ^e tests for evaluation must also produce brittle 
fracture and the conditions must be ascertained which 
are necessary to do that with the steel and geometrical 
dimensions in question. 

While still speaking parenthetically, a friend of mine 
who helps build ships remarked that he coiildn’t see 
what Professor Graf's “impact tests” of steel from the 
“Schenectady” had to do with the failure, since the ship 
was moored at its dock at the time. That was adhering 
to the false notion that the Charpy test shows the be¬ 
havior under impact and it is more to the point to say 
that Professor Graf's tests were “notched-bar” tests 
which showed the susceptibility of the steel to brittle 
failure. Except for relatively rare velocity-sensitive 


steels, impacts do not alter the behavior of metals until 
the velocity becomes quite high. Professor Graf 
showed that the steel of the “Schenectady” was notch 
brittle at the ambient temperatiu-e and, hence, cooling 
off at its dock, had quietly become susceptible to the 
effects of triple tensile stress and stress concentrations 
and failed in a brittle manner. 

Upon concluding this discussion of the problem of 
selecting steel for welded ships, we end up with two 
points. The conditions which produce brittle failure 
can be stated as follows: hamfful stresses which are 
residual in the ship, temperature differentials of the 
ship’s structure, rough seas and the like, low tempera¬ 
tures, stress raisers of one kind or another, and the 
rigidity of the structure. The counter measiues are: 
streamlining the geometry of the ship and avoiding 
stress raisers, introducing beneficial residual stresses, 
and applying ship plate of known high cohesive strength, 
at least at critic^ locations. Now we may say that the 
ships failed, not on accoimt of a bad stress condition, 
nor even because the steel had a low cohesive strength, 
but because the stress at some focal point came al^ve 
the cohesive strength of the steel. 

The su^estion to use notch-tough steel, or steel with 
a high cohesive strength, is not advanced as a cure-all, 
but it is thought that it would be just common sense to 
use that kind of steel. Our experience with casing steel 
taught, I believe, that the required quality can be pro¬ 
duced at no greater cost (assuming senukilled steel): 
it is more a question of finding the correct manufactur¬ 
ing practice and then adhering to it. As an approxima¬ 
tion it has been known for years that steels vary in 
notch sensitivity as follows: First would be Bessemer 
steel (of the common variety), and then the following 
grades of open-hearth steel: rimmed, various kinds of 
semikUIed, silicon killed, fine-grained aluminum-killed 
steel. Austenitic steel is in a class by itself and remains 
tough down to very low temperatures. The semikilled 
grade itself varies materially, depending on the manu¬ 
facturing practice and structure, but when properly 
made and deoxidized for notch toughness, I would ex¬ 
pect it to show a good performance if the stress situation 
in the ship's structure were handled properly. The 
fine-grained type should be still better and might be 
wor^ the extra cost; the extent to which it could be 
used economically wo^d have to be determined. 

Since writing the above, I have received and read the 
1944 Report of the Subcommittee on Hull Construction 
of the Ambricak Weldino SociETy, which is entitled 
“Structural Failures in Welded Ship Construction.” 
Those of you who are familiar with that report may have 
wondered if I did not read it first and then compose this 
section of the Adams Lecture, so near alike are they in 
some particulars. Being a metallurgist, however, I 
feel that their report practically ignores the question of 
steel quality. The paragraph on metallurgical considera¬ 
tions deals solely with weldability, and says nothing 
about the characteristics which the steel should have for 
performing its engineering functions. Ignoring steel 
characteristics and manufacturing practice is equivalent 
to accepting the philosophy that “steel is steel,” but to¬ 
day there is too much evidence to the contrary for such 
a simple assumption. 

Upon passing to the closure, I would say that our suc¬ 
cess in handlin g engineering problems depends more 
and more on sotmd and searching appraisal work. 
Possibly it was something of this kind ^e C 3 mical Mephis- 
topheles had in mind when he soliloquized: 

“How closely linked are Luck and Merit, 

Doth never to these fools occur.” 
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Closure 

In this discussion of steel for welding, it may have oc¬ 
curred to some that composition, parent metal cracking, 
porosity, etc., have been neglected. An up-to-date dis¬ 
cussion of steel, weld rods, arc atmosphere, hydrogen, 
underbead cracldng and all that would be a woithy sub¬ 
ject for this lecture and I was sorely tempted to try just 
that. But as 1 thought it over, it seemed to me more 
timely to discuss the point that the steel you select for 
• welding should also be studied for adaptability to other 
functions. 

Take the case of the welded ship. That is a very 
simple steel, mild and ductile, and would pass any test 
for weldability, yet there remains the question whether 
we can make a good welded ship out of it. Welding does 
something that riveting does not do and raises the ques¬ 
tion of the characteristics that steel needs for welded 
structures, and how to secure them. 

My first stainless steel example illustrates an easy 
way out when handed a tricky problem of selection. 
One simply uses only the material that passes a selected 
test. Coming to the lower-priced steels, it is not practi¬ 
cal to use such simple technique, and more fundamental 
knowledge is needed. In spite of all the discussion of 
purchasing steel “to do the job” I do not believe a broad 
policy of that kind could survive for I don’t see how all 
the conditions can be that accurately forecast. Of 
course, a procurement policy of buying “properties” 
rather than “chemical analysis,” would be different, 
but that places emphasis on the necessity of knowing 
the properties that really count. In that case, the engi¬ 
neer, with the aid of the metallurgist, let us hope, shoidd 
make the decision and then the sted should be secured 
on that basis. If the steel maker concurs, the steel 
would then be made and processed to meet the tests 
which have been agreed upon. The catch is that an ac¬ 
ceptance test functions as a secondary standard. If 
such tests do not correctly reflect the service conditions, 
the steel maker should not be called to accotmt. 

I presume one could say that standard specifications 
do what I have just described. I have just looked up 
the specifications for ship plate and find that they in¬ 
sure tensile strength, yield strength, ductility, and low 
phosphorus and sulphur. They also eliminate Bessemer 
steel since only open-hearth and electric steel are ad¬ 
mitted. But why is Bessemer steel eliminated if not for 
what I have said, or fear of its notch sensitivity, and 
why is there then no provision against this condition in 
open-hearth steel ? 

My interpretation would be that common Bessemer 
steel (and I exclude the fully “deoxidized” types) is 
simply too “treacherous” for some applications and the 
way to avoid it is to leave it out of the specifications. 
But rimmed and various semikilled open-hearth steels, 
which are permitted by the specification, also vary in 
notch sensitivity. For many applications, that is not 
important but with the rigidity of welded construction 
and the almost unavoidable presence of stress raisers, 
maybe it is important. If it is, this characteristic 
should be taken into account when securing the steel. 
Whether it is or is not can come only from work on the 
particular application, so the correct statement at this 
stage is that it is important to find out. 

My point here is that it seems to me desirable to take 
stock of what welded construction calls for in steel, in¬ 
stead of relying on experience with riveted structures or 
on practice developed for less exacting conditions. An 
experienced engineer once told me that the designer 
wants to know the condition, usually a stress, which sets 
the limit on his design. With a cable in tension, it is the 
tensile strength or proportional limit, depending on 


one's preference. A simple beam in flexure can also be 
treated about as simply and the same holds for many 
structures. With triple tensile stresses, there is a stress 
in that third dimension which opposes deformation in 
that direction. 

Metallurgists, particularly research metallurgists, have 
studied metal behavior and metal properties for many 
years, and some of the findings should help us tmder- 
stand the response to three-dimensional stress systems. 
Stress studies suggest that plastic yielding in metals re¬ 
sults when the shearing stress reaches a value sufficient to 
cause relative movement at a slip plane and, further, 
that this shearing stress magnitude is a typical property 
of the metal. In particular, it seems to be independent 
of the stress normal to the slip plane. It is also indi¬ 
cated for certain stress systems that failure results from 
the high level of axial stress before the resultant shearing 
stress reaches the magnitude required to effect yielding. 
In this connection, it has been noted that Utde or no 
permanent deformation occurs prior to rupture. 

This behavior has been explained by suggesting that, 
with particular multiaxial stress systems, ductile metals 
may fail owing to insufficient resistance to axial stress. 
This has been taken to indicate that another character¬ 
istic property of a material is “cohesive strength,” as 
Ludwig proposed. 

As the stress changes from uniaxial to bi- and triaxial, 
the axial stress must be increased to higher and higher 
values to provide the shear stress that initiates slip or 
deformation. Thus this change in the stress system 
makes greater and greater demands on the cohesive 
strength to support plastic flow. This shows why two 
different steels with the same tensile properties, but with 
different cohesive strengths, act the same in simple ten¬ 
sion but differently under multiaxial loading. Both 
steels have adequate cohesive strength for the lesser re¬ 
quirements of the tension test, but one of them fails to 
meet the more severe requirement of the more complex 
loading. It also shows why two different steels with 
predsdy the same tensile properties can behave so dif¬ 
ferently when notched. 'The “tough” one still has a 
high enough cohesive strength to support deformation 
at the not^ while the “brittle” one does not and breaks 
in a brittle manner. 

On the other hand, outside of the proportional limit, 
the tension test relates to plastic behavior of the metal. 
The tensile strength, in spite of its utility in appraising 
metals for many engineering structures and for accept¬ 
ance tests, is not a property of the virgin or undeformed 
metal. In fact, it is not even a property; it is a “strength 
value” of cold-worked metal since the ductile metals de¬ 
form appreciably before the maximum load is reached. 
This means that the tensile strength can have no signifi¬ 
cance for the case of the brittle fracture. There the 
cohesive strength takes its place as the property which 
limits the stress. 

Cohesive strength and the problem of notch brittle¬ 
ness are easy to understand, at least in principle, and I 
have discussed them in greater detail in the Symposium 
on Impact Testing of the American Society for Testing 
Materials in 1938. At the point where the ratio of the 
axial or normal stress to shear stress “matches” the ratio 
of cohesive strength to resistance to slip, the steel change 
from ductile to brittle behavior. With steels of reason¬ 
ably constant yield strength it follows that the severity 
of the notch effect required to produce a brittle break in 
ductile steel is dependent on the cohesive strength. 
Conversely, by ascertaining where this “match point’ 
comes for a given steel, one gains an idea of the level of 
cohesive strength. This is a very simple picture, but it 
is a faithful representation of what seems to be going on 
in steel. Difficulties have arisen in attempts to measure 
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cohesive strength, the property, but we are not con¬ 
cerned with that here. 

It is old to think of cohesive strength as the property 
that makes steel tough when notched (notch toughness), 
but I have attempt^ to show here that it is that same 
property that a large and rigid welded structure needs 
to guard against brittle fractures. That poses quite a 
practical problem for both producer and consiuner, but 
the experience gained over the years in notched-bar test¬ 
ing, of either the flexural type or the tension type, should 
be directly applicable, particularly if full-scale tests are 
conducted. I believe the philosophy of the metallurgist 
is summed up in the words of Homimculus, speaking to 
Mephistophdes: 

"Hast thou a method, let it tested be! 

But hast thou none, so leave the case to me.” 

—Faust 

This question of the selection of steel for welding I 
have discussed from the viewpoint of the metallurgist, 
i.e., one who is concerned with the metallurgical phases 
of design, fabrication and materials. My object has 
been to show how important the steel itself is and, 
particularly, how its characteristics may aid or hinder 
its successful application. Today, the engineering use 
of steel has become so complicated that one cannot satis¬ 
factorily solve the problem of material simply by placing 
a specification number on a blueprint or by reference to 
a b<K)k of data, even the best of them. With lightweight 
construction, welding, stepped-up service conditions and 
the demand for improved performance, new rules are be¬ 
ing written. I know of none more important than the 
one which says that the material must be made right if 
it is to meet its obligations in the best way. 

This reminds me of a visit I once paid to the chief 
metallurgist of a sted company that made a number of 
grades of steel for us. For otu* discussion, he brought 
out a big loose-leaf book that contained all the detailed 
instructions for making and rolling the steels and the 
controls that he had set up to insure our getting what we 
needed. This book was written in metallurgical lang¬ 
uage, and we had helped him write it. However, our 
words were somewhat different from his and we went in 
for such things as forming properties, spring back and 
dimensions, welding quality, macro- and microstructure, 
foreign inclusions and their identification, inspection 
and test methods, strength, ductility and notch tough¬ 
ness, fracture types, causes of rejection in fabrication, 
and performance in the field. In his book, the words 
changed into such items as the scrap to be used, slag 


control, rate of boiling, temperatures, deoxidation prac¬ 
tice, pouring temperatures, soaking pit practice, rolling 
temperatures, hot-bed practice, various controls, etc. 
A book like that takes time to write and it is always sub¬ 
ject to revision. To put these instructions to use, the 
mill must have technically trained personnel with facili¬ 
ties and instrumentation for the necessary controls, but 
our steel industry is abreast of the times and in a position 
to meet reasonable demands on its product. I do not 
suggest adding to the difficulties or costs of making steel 
but, instead, intend to infer that by developing the cor¬ 
rect manufacturing practice, both maker and user will 
benefit by higher efficiency in utilization. 

The advent of welding as a major fabrication process 
has made this viewpoint one of the "musts” for success¬ 
ful operations. The ship situation shows what can 
happen simply by changing a fabrication method. Both 
of the other two phases—design and steel—were deeply 
affected, though I believe we have only made a start. 
For example, I believe there is a great futiue for both 
the 44,000 psi. steel and the 50,000 psi. steel. For 
some parts we might go to 60,000 psi. steel, or to the 
70,000 psi. steel that was used in mobile ordnance, or 
even to fully heat-treated steels, which are relatively in¬ 
sensitive to low-temperature brittleness. Whether tiiese 
steels would be made semikilled, silicon killed or fully 
killed would depend on the application. These points 
are highly important for large tonnage applications and 
should be investigated in advance for structures like 
bridges that are still largely riveted. 

The fabricator and user are powerless to go beyond 
the possibilities that are inherent in the steel with which 
they are provided. It is for that reason that the steel 
maker has such a vital role to play, especially in the 
field of welded fabrication. It is also a difficult role, but 
if he has full knowledge of what is really required for the 
various applications, he can be looked to to hold up his 
end. 

Far less publicized is the metal scientist working 
within the confines of his laboratory, but forever extend¬ 
ing our knowledge of the metals. The maker, fabricator 
and user of steel all use this knowledge for creations of 
technology that increase our comforts, broaden our ex¬ 
perience, ease our biudens and make this interlude the 
more tolerable. How truly Goethe has spoken for me 
through his Mephistopheles to show how we must be 
masters as well as slaves of those creations: 

“How dependent we are, after all. 

On creatures we ourselves have made.” 

—Faust 
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AMEBIC AN WELDING SOCIETY 

ACTIVITIES - BELATED EVEWTS 


BOARD OF DIRECTORS MEETING 

The meeting of the Board of Directors 
of the American Welding Society, held 
in Hotel Pennsylvania, New York, N. Y., 
on October 18, 1946, was called to order 
by President Hess at 3:16 P.M. with the 
following present: 

Members: C. A. Adams, David Amott, 
R. W. Clark, F. W. Davis, J. H. Deppeler 
O. B. J. Fraser, H. O. Hill, C. H. Jennings. 
R. B. McFarland, H. W. Pierce, H. M. 
Priest, G. N. Sieger, S. Swan, W. G. Thei- 
singer, R. D. Thomas, A. C. Weigel. 
Guests: E. V. David. H. W. Lawson. 
Staff: W. Spraragen, M. M. Kelly, S. A. 
Greenberg. 

Introduction of Officers and Directors 

Before opening the meeting, President 
Hess called the roll of newly elected officers 
and directors. 

Approval of Minutes 

Upon motion, minutes of meeting of 
the Board of Directors held in New York 
on September 13, 1946, were approved as 
circulated. 

Appointments 

Secretary and Assistant Treasurer .— 
Upon motion, duly seconded, it was voted 
that M. M. Kelly be re-elected Secretary 
and Assistant Treasurer of the Society 
for the administrative year, commencing 
October 18.1946, 

Committees 

A list of Committee Personnel recom¬ 
mended by President Hess was distributed 
at the meeting. Personnel as approved 
will be reproduced in the Year Book. 

Admissions Committee. —^In connection 
with the appointment of the Committee 
on Admissions, question was raised on 
whether this committee should continue 
to perform in a perfunctory manner or 
operate as prescribed by the By-Laws. 

Point was made that membership re¬ 
quirements at the present time are not 
rigid enough to require the committee to 
meet regularly and pass on applications. 
After discussion, upon motion, duly sec¬ 
onded, it was voted that the President be 
authorized to appoint a special committee 
to make a study of present grades and re¬ 
quirements oS membership in the Ameri¬ 
can Welding Society, with a view to 
determining the feasibility of raising the 
qualifications of the member grade in line 
with that of the other major engineering 
societies, and offering recommendations 
thereon to the Board of DirectCES. 


Suggestion was made that this com¬ 
mittee be composed of 3 past-presidents, 
in addition to the chairmen of the Mem¬ 
bership, Finance and Admissions Com¬ 
mittees. 

On recommendation of Mr. R. D. 
Thomas, Chairman of Special Committee 
on Membership Applicaticm Forms, it was 
voted that the Special Committee on 
Membership Application Forms be dis¬ 
charged. 

Note : In accordance with action taken 
at meeting of Board of Direct<Es held in 
New York on September 13th, further 
activity on membemhip application forms 
will be handled by the Committee on 
Constitution and By-Laws. 

Upon recommendation of the Presi¬ 
dent, it was voted that Mr. R. A. Wyant, 
Rensselaer Poljrtechnic Institute, replace 
Professor Hess on the Welding Handbook 
Committee, 

It was reported that the other special 
committees to be retained until comple¬ 
tion of their work, are Committees on 
Handling Requests for Foreign Libraries 
and on Building Up Permanent Funds. 

The special committee on Recom¬ 
mended Procedure for Publishing Educa¬ 
tional Manuscripts in book form was dis¬ 
charged on recommendation of the chair¬ 
man of this committee, in view of the 
fact that this work will now be handled 
by the full-time Editor of the Welding 
Handbook and other educational books. 

On recommendation of Professor Hess, 
the special committee on A.W.S. Organiza¬ 
tion with the following personnel and 
scope was approved. 

Personnel. —H. O. Hill, David Amott, 
J. F. Lincoln, A. C. Weigel, O. B. J. 
Fraser, R. W. Clark, H. W. Pierce. H. C. 
Boardman, H. M. Priest and G. N. Sieger. 

Scope. —To study A.W.S. organization 
with a view to considering whether any 
change in organization is desired. 


Offiicers Designated to Sign Checks, Notes 
and the Like of Behalf of the Society 

Upon motion, duly seconded, it was 
voted that the Treasurer and Assistant 
Treasurer and in the absence of either, 
the President be designated to sign checks, 
notes and other documents of this nature 
on behalf of the Society. 


Participation in the Postponed 1945 and 
the 1946 National Metal Congress and 
Exposition 

Report rendered by Mr. E. V. David, 


chairman of the Convention Committee, 
setting forth the views of the Manufac¬ 
turers, Program and Convention Com¬ 
mittee members, aroused a lengthy 
cussicm. 

After due deliberation and in the in¬ 
terest of the A.W.S. membership at large, 
it was voted that our Society participate 
in only one National Metal Exposition in 
1946, the October 1946 expositicm 
congress in Chicago being the one selected, 
providing suitable hotel accommodations 
can be obtained for public meeting apa ce 
and sleeping romns to house the Annual 
Meeting of the A.W.S. in Chicago the 
weekofOctober21,1946. 


BOARD OF DIRECTORS 194&-46 
AMERICAN WELDING SOdETY 

President, W. F. Hess, Head of Welding 
Lab., Rensselaer Polytechnic Institute, 
Troy, N. Y. 

First Vice-President, H. O. Hill, Asst. 
Chief Engineer, Fabricated Steel Con¬ 
struction, Bethlehem Steel Co., Bethle¬ 
hem, Pa. 

Second Vice-President, G. N. ^eger. 
Pres. & Genl. Mgr., S.M.S. Corp., De¬ 
troit, Mich. 

District Vice-Presidents: No. 1 (New 
Yoric & New England): F. W. Davis, 
Metallurgist, E. B. Badger & Sons Co., 
Boston, Mass. No. 2 (Mid-Eastern): 
W. G. Theisinger, Asst, to Vice-Pres.. 
Lukens Steel Co., Coatesville, Pa. No. 3 
(Southern): Sydney Swan, Surveyor, 
American Bureau of Shipping, Pascagoula, 
Miss. No. 4 (Central): B.L. Wise, Asst. 
Mgr. Welder Div., Federal Machine & 
Welder Co., Warren, Ohio. No. 5 (Mid- 
Western) : R. E. McFarland, Engineer, 
Western Electric Co., Inc., Chicago, HI, 
No. 6 (Mid-Southern): M. A. Barrett, 
Engineer, Beech Aircraft Corp., Wichita 1, 
Kan. No. 7 (Western): C. P. Sander, 
Genl. Supt., Western Pipe & Steel Co. of 
Calif., Los Angeles, Calif. 

Treasurer, 0. B. J. Fraser, Dir. of Tech. 
Service on Mill Products, The Interna¬ 
tional Nickel Co., New York, N. Y. 

Honorary Director, C. A. Adams, Con¬ 
sulting Engr., E. G. Budd Mfg. Co., Phila¬ 
delphia, Pa. 

(Continued on 'page 1192) 
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Five shock absorber ossemblios are produced every 
minute at the Gobriel Company, Cleveloiid, by this 
profection welder, which is equipped with a com¬ 
bination of G-E weld timer and ignitron contoctor. 


• Production of automobile shock absorbers by the Gabriel 
Company (Cleveland) has increased from 225 to 300 
assemblies an hour. The new welders, which replace man¬ 
ually operated machines,are equipped with a G-E electronic 
weld timer and ignitron contactor. 

With this new equipment, weld timing is much more 
accurate, according to I. J. Samuelson, plant manager. 
And there is far less variation in welds than before. 

Also, wear and tear on dies has decreased, because 
less welding pressure is required. This reduction is 
made possible by improved pressure control. 


1. Automatic timing of the dura¬ 
tion of the weld current—oper¬ 
ator errors in timing are elimi¬ 
nated. 


2. Safe operation —a sturdy, 
deadfront construction gives op¬ 
erators maximum protection. 


3. Easy inspection —because the 
control panel is hinged, it is easily 
accessible for inspection. 


4. Quick adjustment —the dial is 
conveniently located on the con¬ 
trol panel. 


Here’s What the Electronic 
Weld Timer Offers YOU 


Four Important Advantages of 
the Ignitron Contactor 


1. High-speed operation— 

because there are no moving 
parts, its speed of operation is 
limited only by the control- 
switch setting. 

2. Low maintenance —millions of operations can be made 
before servicing is required. 

3. Plug-in relay —contactor can be used on various control 
voltages merely by plugging in the correct relay. 

4. Silent operation —this e/ec/ron/c switch is completely noise¬ 
less. 


Our engineers will be glad to help you select exactly the right 
weld timer and ignitron contactor for your application. Simply 
get in touch with the nearest G-E office. Apparatus Dept., 
General Electric Company, Schenectady 5, N. Y. 


RESISTANCE-WELDING CONTROL 


# Need More Information ? 


Keep on buying BONOS—and keep a// you buy 


by installation of modern 
projection welders 
with ELECTRONIC CONTROL 


GENERAL 



ELECTRIC 

M&.97-eM0 
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(Continued from page 1188) 
Directors-ai-Large: (Term Expires 

1946)—H. W. Pierce, New York Ship¬ 
building Corp., Camden, N. J.; E. R. 
Seabloom. Crane Co., Chicago, 111.; K. V. 
King Standard Oil Co. of Calif., Son 
Francisco, Calif.; J. H. Deppeler, Metal & 
Thermit Corp., New York, N. Y.; K. L. 
Hansen,* Hamischfeger Corp., Milwau¬ 
kee, Wis. (Term Expires 1947)—R. W. 
Clark, General Electric Co., Schenectady, 
N. Y.; L. W. Delhi, Western Pipe & Steel 
Co., San Francisco, Calif.; J. F. Lincoln, 
The Lincoln Electric Co., Cleveland, Ohio; 
H. M. Priest, U. S. Steel Corp. Subs., 
Pittsburgh, Pa.; D. Amott,* American 
Bureau of Shipping, New York, N. Y. 
(Term Expires 1948)—C. H. Jennings, 
Westinghouse Electric Corp., E. Pitts¬ 
burgh, Pa.; A. B. Kinzel, Union Carbide 
& Carbon Res. Labs., Inc., New York, 
N. Y.; C. M. Underwood, Northern 
Ordnance Co., Minneapolis, Minn.; R. D. 
Thomas, Arcos Corp., Philadelphia, Pa.; 
A. C. Weigel,* Combustion Engineering 
Co., Inc., New York, N. Y. 

* Jimior Past-Presidents. 


THE BEND TEST 

The Society’s Committee on Standard 
Tests for Welds has just completed its 
study of a standardized procedure for the 
Tee-Bend Test. This test has been in 
use for some time as a means for measuring 
the angle of bend and type of fracture of a 
welded specimen as indications of the 


comparative welding quality of the ste^ 
used. By adoption of a standardized 
procedure, it is hoped that data obtained 
from various sources can be directly cor¬ 
related. 

The Tee-Bend Test has been printed in a 
four-page folder, and is available on re¬ 
quest to those having copies of the “Stand¬ 
ard Methods for Mechanical Testing of 
Welds," into which the folder may be 
inserted. Address requests to American 
Welding Society, 33 W. 39th St., New 
York 18, N. Y. 


BELGIAN ENGINEERS ATTEND ANNUAL 
MEETING 

Messrs. R. A. Nihoul, Manager of 
Centre Belgo-Luxembourgeois d’lnfor- 
mation de I’Acier, also Member of the 
Board of Directors of the Institut Beige 
de la Soudure, and W. Soete, Engineer, 
Chief of Research Department of the 
Belgian Welding Institute have been 
sent by the Belgian Government on a re¬ 
search mission to the United States. The 
President of the American Welding 
Society welcomed them and in reply Mr. 
Nihoul, head of the technical mission, 
said: 

"I ask your forgiveness for addressing 
you in French, but I am doing that out of 
respect for your beaiutiful language. 

“We are very glad to be present at the 
meeting of the American Welding 
Society, whose work we have followed 
for many years with great interest. Dur¬ 


ing the last five years we have, of course, 
not been able to hear anything from the 
United States, but we were convinced 
that your Society was doing good work 
during that time. In fact, the industrial 
progress in the United States is even 
greater than we thought. It is un¬ 
doubtedly to this remarkable effort that 
the Belgian people owe their lives. 

“In this effort welding plays a mag¬ 
nificent part, without welding there 
would not have been such a rapid construc¬ 
tion of Liberty Ships and we therefore 
admire and thank not only the American 
Army, the American Industry but par¬ 
ticularly the American Welding So¬ 
ciety.” 


BOUND VOLUME JOURNAL 

The American Welding Society has 
made arrangements for members who wish 
to have their Journals for 1945 bound in 
attractive, black cloth covers, to do so by 
sending copies of the twelve issues to 
Russell-Rutter Company, Thirty-Third 
Street and Eighth Avenue, New York, 
N. Y., Att. Mr. Russell Lauben, Jr. A 
special reduced rate has been arranged at 
$2.75 per volume providing the issues of 
the Journal are sent to the binder on or 
before February 15, 1946. Journals re¬ 
ceived after this date cannot be bound at 
this reduced rate. The bill for the bind¬ 
ing and return postage will be sent direct 
from the Society's office. 



• Every pair of cylinders that **run-out’* in your 
shop increases your overhead — because the time needed 
to get full cylinders... to switch regulators ... and to 
make pressure and flame adjustments is not productive. 

You can eliminate all excessive cylinder 
handling costs with a RegO manifold ... and get other 
advantages too! Write for full details now. 

BLESSINIP-f^ 


Chicago $Q, ill. 
Pioneer* and leaders In Equipment for Usiog 
and Controlling High ProMvro Ooso* 


DOES IT COST 


YOU TO HANDLE CYLINDERS? 

i - 
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AO SAFETY 



American ^ Optical 


AO Shore Jacket 
No. 203 CL 


AO Safety Clothing is designed to 
give your workers maximum protec¬ 
tion from head to foot.’ As a result 
of expert designing, they are comfort¬ 
able to wear. High quality materials 
and sturdy construction insure long, 
trouble-free service under even the 
severest working conditions. 

The AO Safety Clothing line includes 
overalls, pants, chaps, aprons, jackets, 
coats, sleeves, gloves, mittens and 
spats. Phone or write your nearest 
AO Branch Office for complete 
information. 


AO Welder's 
Gloves No. 5 X 14 J 


Provides Your Workers 
With Compiete Protectioo 


CLOTHIHG 


COMPANY 

SOUTHBRIDGE, MASSACHUSETTS 
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NEW TORE SECTIO N, AMERICAN 
VfELDING SOCIETT TWENTT^UFTH 
ANNIVERSARY DINNER 

Dr. I. W. Barker Gueit of Honor—Dr. I. 

R. Dusnmg Gaest Speaker on Atomic 
Energy 

The Twenty-fifth ^Anniversary Dinner 
of the New York Section of the American 
Wbu>ing Society held at the Hotel 
Pennsylvania on October 18th was at¬ 
tended by close to 700 members of the 
Society, their wives and guests. 

Practically all of the national officers, 
section chairmen and members who were 
at the National Convention during the 
day attended the dinner with their wives. 
Many sections were well represented, but 
most outstanding was the large delegation 
from the New Jersey Section. 

The guest table included the following: 
B. V. David, General Chairman, Dinner 
Cmnmittee; F. C. Fyke, Outgoing Vice- 
President, New York and New England 
District; K. L. Walker, Chairman, New 
Jersey Section; S. L. Hoyt, 1045 Adams 
Lecturer; D. S. Jacobus, Honorary Mem¬ 
ber, National Society; A. C. Weigel, Out¬ 
going National President; C. A. Adams. 
Founder and Honorary Member, National 
Society; H. O. Klinke, Chairman, New 
York Section; J. R. Dunning, Guest 
Speaker, Director of a Division of War 
Research, Columbia University; J. W. 
Barker. Dean, School of Engineering, 
Columbia University; C. Kandel, Chair¬ 
man, Program and Arrangements; W. F. 


Hess, Incoming National President; H. 
C. Boardman, Honorary Member, Na¬ 
tional Society; J. H. Deppeler, Honorary 
Member. National Society; F. W. Davis, 
Incoming Vice-President, New York and 
New England District; G. Schneider, 
Chairman, Tickets and Reservations. 

The program of the evening included 
the following: 

National Anthem, Orchestra and Audience 
General Chairman, Dinner Committee, 
E. V. David 

Call to order and introduction of Chair¬ 
man of the New York Section 
Chairman, New York Section, A.W.S., 
H. O. Klinke 

History of the New York Section 
Outgoing National President, A.W.S., 
A. C. Weigel 

History of the National Society 
Incoming National President, A.W.S., 
Wendell F. Hess 

The Future of the National Society 
Presentation of Past Officers, Introduction 
of Dr. Barker, Charles Kandel, Chair* 
man, Program and Arrangements, Presen¬ 
tation of Guest Speaker 

Joseph W. Barker 
Dean, School of Engineering, 
Columbia University; Special 
Assistant to the Secretary of the 
Navy 1941-1945 

“Atomic Energy” John R. Dunning 
Director of a Division of War 
Research, Columbia University 
Associated with the Kellex Cor¬ 
poration 

Dr. Dunning's brilliant discussion of 


Atomic Energy included a demonstratioo 
of actual release of atomic energy, uetng 
some of the original apparatus with which 
he succeeded in splitting the uranium 
atom in 1939 in his laboratory at Columbia 
University. This experiment was the 
very basis upon which subsequent de¬ 
velopments were made in the production 
of the atomic bomb. Dr. Dunning played 
a very important part in this outstanding 
scientific accomplishment. His inventive 
genius helped to solve many of the most 
pressing problems that were encountered 
on the way. The members of the Society 
and their guests followed the discussion on 
Atomic Energy with keen interest, fully 
cognizant of the great privilege of receiv¬ 
ing at first hand knowledge of the most 
startling scientific development of our 
time. 

The New York Section expressed its 
indebtedness to the officers who have 
guided its affairs during the past twenty- 
five years, as well as to the National Sec¬ 
retary, Miss Margaret M. Kelly, and to 
William Spraragen, Editor of the Socxety 
Journal and Directs of the Welding 
Research Council of the Engineering 
Foundation, for their untiring efforts on 
behalf of the New Ywk Section. 

Further investigation of the history 
of the New York Section shows that E. 
Vom Steeg has the distinction of having 
been a member of the Executive Com¬ 
mittee of the New York Section continu¬ 
ously fw the past twenty-five years, a 
record not equaled by any other meml:^. 

The dinner was followed by a dance 
until the early hours of the morning. 


Carbide 

IN THE RED DRUM 

EFFICIENT 

ECONOMICAL 

DEPENDABLE 



6f B. 42nd St. 


FOR WELDING and CUTTING 

Uae National Carbide In the Red Drum 

Write us for information os to nearest available stock. 

National Carbide Corporation 


New York, N. Y. 


1194 


THE WELDING JOURNAL ^ * DECEMBQlk 

Digitized by vjOOQIC 












DC 

yftujuli 


AC 

WELDERS 
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WEUMN& 

POSITIONERS 


WELOlNe PRODUCTION 
CONTROL SYSTEMS 


aSCTRIC 

HOISTS 


ELECTRIC 

CRANES 


bob Mi THIS! ffl™® • • • M 
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o Provides automatic ovet- ^ gpj| 

bead — rtOulation 

voU-omP**** ^ 

3. AssuiM d.«c«i. 

4. EUBdnol" ^p^oi 

5. Mak« weiaino 

tim®» i*« 


Yes, for downright simplicity — for easy 
operation ... for better welding results 
. . . for thrifty operation — this P&H ma¬ 
chine is in a cla^ by itselfl Feature for 
feature, it's ydur best buy — for day in, 
year out faithful service. 

WSR (Welding Service Range) ratings 
which tell the exact amount of usable 
welding current — from minimum to maxi¬ 
mum capacity. "Visi-matic" calibration — 
enables you to select instantly the correct 
current for each of the three classes of 
electrodes. 

Get all of the facts. 

Write for complete information! 

Also ask for booklet describing the com¬ 
plete line of P&H Welding Electrodes — 
including sizes and types for all require¬ 
ments; fabricating, repair-welding, build¬ 
ing up and hard-surfacing. 


ARC WELDERS 

45S1 West National Avenue 
Milwaukee 14, Wisconsin 
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OXTACET7LENE PROCESSES IN STEEL 
FOUNDRIES 

A completely revised edition of Airco’s 
popular New and Improved Oxyacetylene 
Methods for Steel Foundries is now being 
distributed by Air Reduction, New YotIc 
C ity. 

This 30-page illustrated booklet con¬ 
tains descriptive information concerning 
the Airco-deveI(^ed oxyacety ene proc¬ 
esses which are now speeding production 
and reducing costs in steel foundries 
throughout the country. 

The booklet demonstrates the advan¬ 
tages of machine flame cutting in the re¬ 
moval of risers, gates and sprues. It also 
describes three other fast and economical 
oxyacetylene applications developed and 
p^ected by Airco: flame scarfing to re¬ 
move padding left where risers have been 
removed, flame gouging for the removal of 
webs, fins and defects, and flame descaling 
of normalized and annealed castings. 

In addition, several sections are devoted 
to the expanded use of oxygen lancing to 
start openings and of flame hardening for 
quick, localized surface hardening of 
castings. 

Also included is a catalog of the oxy¬ 
acetylene apparatus and supplies neces¬ 
sary for the proper performance of these 
processes. 

Ct^ies of this booklet are available 
upon request to Air Reduction Sales Co., 
60 East 42nd St., New York 17, N. Y., or 
to any local Airco office. 


WORLD WAR n VETERANS RECEIVE 
WELDING TRAINING UNDER G.I. BILL 
OF RIGHTS 

Hobart Trade School, Inc., Troy, Ohio, 
conducted by The Hobart Brothers Co., 
are now enrolling Veterans of World War 
II in a specialized welding and metal¬ 
working training course which has been 
approved by the Veterans Administra¬ 
tion to train discharged soldiers under the 
G.I. Bill of Rights. 

The new training course covers a period 
of 16 weeks totaling 640 hoiu^ of individ¬ 
ual instruction in the following subjects: 
arc and acetylene welding, special alloy 
metals welding, carbon arc wdding, hard 
facing and tool welding, metallizing with 
the metal spray gun, resistance welding, 
“submerged melt” process of welding 
with automatic head, stud gun welding, 
and the heliarc method of welding mag¬ 
nesium and other light weight metals. 

Traces are individually instructed by 
expert, long-experienced operators who 
are good instructors as well, all of whom 
are under the direction of Robert Ber- 
caw, veteran Hobart instructor at the 
company’s plant for many years. Stu¬ 
dents, in individual, well-ventilated 
booths, keep their own “shop,” each 
having his own welding machine and 
equipment of the latest type. In addi¬ 
tion to regular training course equipment, 
students have use of swing lathes, drill 
presses, throat cutting shears and X-ray 
and tensile testing equipment for finish¬ 
ing their work and determining effective¬ 
ness of their welding training. 


Veterans of World War II who have 
been discharged or released from active 
service under conditions other than dis¬ 
honorable are eligible for this training 
under the G.I. Bill of Rights and the 
Government pays tuition fees plus a liv¬ 
ing allowance while student is in traming. 
Students may enroll for the entire course 
of 16 weeks or select any shorter specific 
training of his own choosing. 

Applications for training under the 
G.I. Bill of Rights may be secured through 
any Veterans Administration Field Office 
or from the Hobart Trade School, Inc., 
Troy, Ohio. 


BULLETIN ON PORTABLE A..C. TEST 
SETS 

A new, 24-page bulletin, ccmtaining 
data and descriptive information on the 
complete line of portable, a.-c. test sets 
from 2000 to 150,000 v., has been an¬ 
nounced by the General Electric Co., 
Schenectady, N. Y. This attractive, wdl- 
illustrated bulletin enables the user of 
high-voltage testing equipment to cmn- 
pare the features and ratings erf the vari¬ 
ous standard sets, and to select the 
equipment best suited to his individual 
requirements. 

The portable equipments covered in 
the bulletin include small instilation 
testers, oil testers and larger general- 
purpose test sets, with ratings as high as 
26 kva. 

In addition, the publication contains 



^cecC is more 

Ik... TRADE NAME 


# It’s true that "Sight Feed” is the name of one of the finest acetylene 
generators on today’s market. But "Sight Feed” is also descriptive of 
an outstanding feature of this generator: the completely transparent 
Pyrex hopper which holds the carbide. 

A glance at this hopper before you start a welding job will instantly 
tell you how much acetylene you may expect from your latest "charge.” 
No guesswork—no "running out of heat” in the middle of a job—and 
the feed is entirely automatic. 

"Sight Feed” acetylene is purer, hotter—yet it costs only a fraction 
of what you pay for "bottled” acetylene. Can you afford not to buy a 
"Sight Feed”? 


Cenfocl yevr /ehher/or... 


THE SIGHT FEED GENERATOR C0MPANY • RICHM0ND, INDIANA 
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S<ioky portable spot welding units are designed with the 
accent on lightness ~ both in guns and cables. 


The use of high tensile metals plus skillful design, saves 
weight... makes the gun easier and faster to handle .. . more 
accessible, too. 

Both pneumatic and hydraulic units are available in ratings 
of 50, 75 and 100 KVA. Sciaky electronic control units pro¬ 
vide electronic control of welding sequence, current interrup¬ 
tion and welding heat. Transformers may be suspended from 
any type hoist for moving about. Special features include 
high-efficiency, light weight flexible cables, fast acting electro 
valve and booster, and adjustable balancing device for larger 
guns. A variety of standard gun types, designed for nearly 
every job, are available. 

Hydraulic units make efficient use of water. System is auto¬ 
matically refilled from same line supplying cooling water in 
case of leakage. Rust-proof materials are used throughout. 


Mokert e# Quality Ratittonca Waldlng IqvIpaMirt. 
Offktt In N*w York, Wathington, Dotreit and Lot AngoUt. 
Roprttontativai in principal ciHas. Plantt In London and Parit. 

4985 Wc»t 67ffi Street 
Chiceso 38, lllinoii 
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listings and description oi sphere gaps 
and current-limiting resistance 
for use with a.-c. testing sets. 

Copies of thb new bulletin, GBA-4477. 
may be obtained from the General Electric 
Co., Schenectady 5, N. Y. 


TRANSLATION 

The Welding Research Council has 
available a few copies of a translaticm en¬ 
titled "Occurrences in the Structure of the 
Metal Subjected to Tension and Alterna¬ 
tion of Stress" by A. Thum and C. Peter¬ 
sen (Darmstadt), translated by the Ar¬ 
mour Research Foundation. A loan copy 
will be sent to you upon request. Addr^ 
Welding Research Council, 29 West 39th 
St.. New York 18, N. Y. 


A.S.H.V.E. ANNOUNCES 52ND ANNUAL 
MEETING 

The Council of the American Society of 
Heating and Ventilating Engineers has 
announced that the 52nd Annual Meeting 
of the Society will be held Jan. 28-30, 
1946, in New York City with headquarters 
at Hotel Commodore. 

Pres. C.-E. A. Winslow, New Ehiven, 
Conn., has indicated that prior to the 
regular business and technical sessions 
there will be meetings of the Council, the 
Committee on Research, Technical Ad¬ 
visory Committees and other Special 
Committees. 


STEEL BARREL PLANT 

A sttnewhat unusual booklet has been 
issued by the Federal Machine and Welder 
Co., 212 Dana St., Warren, Ohio, describ¬ 
ing the Federal Fluh Butt Barrel Welder 
in Action. The booklet describes in the 
first part, the design o( parts of the barrel, 
and the welding machine. The following 
pages contain a descripti<m of one of these 
barrel plants, set forth in detail. 

The flash butt barrel welder, as de¬ 
scribed, is but one type of Federal equip¬ 
ment adaptable to container ma^g. 
Several other types are illustrated and 
briefly described, and a few samples of 
automatically resistance welded containers 
are shown. 

Booklet available <xi request. 


A.S.T.E. ANNOUNCES EXPOSITION IN 
APRIL 

The American Society of Tool Engineers' 
Exposition will be held in Cleveland, Ohio, 
April 8-12, inclusive, according to an 
announcement by the Board of Directors 
of the American Society of Tool Engineers 
at its Semi-Annual meeting in Detroit. 
Arrangements have been made for the use 
of the entire Cleveland Public Auditorium 
and it is planned to use the entire quarter 
of a million square feet of space thus avail¬ 
able. 

This will be the fifth such exhibit of 


production equipment and processes held 
by the Society and the first major post¬ 
war show featuring machine tools, mate¬ 
rials handling and control equipment, 
cutting tools and production proce ss es. 
The name of the 1946 exhibition was 
chosen, according to C. V. Briner, Presi¬ 
dent of the Society, because of the ex¬ 
panded influence of the Society in the 
field of mass production and the broad¬ 
ened scope of such interests. 


WELDING DISTRIBUTORS FORM 
ASSOCIATION 

An association composed of whrdesale 
welding equipment distributors was or¬ 
ganized Sept. 17,1946, at Dayton, Ohio. 

Known as the National Welding Supply 
Association, the object of the association 
is to promote and ttiaintain such con¬ 
structive cooperation among distributors 
of welding equipment as will advance their 
mutual interests; inspire the observance 
of high business standards; stimulate the 
adoption of such business methods as will 
make for efficient and profitable operation; 
encourage adherence to sound s^es poli¬ 
cies and practices; correct faulty pro¬ 
cedures and eliminate commercial evib; 
all to the end that the wholesale wading 
supply business may retain its place and 
identity as an essential and efficient sei v ite 
in the distribution of welding equipment, 
supplies and gases. 

Membership is composed of both Active 




SPOT • BUTT • ARC 

WELDERS 


EISLER 




AIR, FOOT or 
MOTOR Op«r- 
ot*d Prttt Typ« 
Wtidert of All 
SixM. 


Wo monufoclwro a complolo 
lino of rositlonco «pot woldort 
from % to 300 KVA for oil typoi 
of wolding. Thoro it on EISIIR 
WEIOCR for ovory purpoto. 
Trontformort of oil typoi. 

Wo invito contract tpolwoiding 
in large or tmoll qwantitici. 


ENGINEERING CO. 



FOR 32 YEARS DHITED HAS BEEN LICKIN6 
ALMOST IMPOSSIBLE WELDING PROBLEMS 



In war and In peace, United engineers and 
craftsmen have taken pride in their 
ability to produce large, rangy or compli¬ 
cated weldments. 

Lessons learned in wartime techniques 
can now be applied to your weldments. 

Our engineers can serve you best by 
studying your drawings to determine If 
y your product will improve through fabri¬ 
cation. Perhaps welding will lighten it— 
increase its strength—lower costs. 

No ob/igotion, juit wn'to. 


THE UNITED WELDING CO. 

MIOaUTOWN. OKie 


wrioiNC rAi.iCArois or mooiih omcm 
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NEW KH-2 
MOBILE UNIT 


•s. 


Magnoflux indication of a 
shrinkage crack 


* 


MAGNAFLUX 




finger 




welding flaws 


the 


puts 


on 




Welds, that look perfect to unaided visual 
inspection, often conceal a hidden crack 
or other dangerous discontinuity. If such 
flaws exist, Magnaflux will point them out. 
Magnaflux indications are positive, easily 
interpreted, inescapable. 

Magnaflux provides quality control for 
welding shops and other metal processing 
operations. In addition to thermal cracks, 
Magnaflux detects lack of penetration and 
fusion, slag inclusions and other defects 
that cause rejections. 

Because it is non-destructive, magnetic 
particle inspection makes it possible to 
inspect every weld at a speed which keeps 


pace with production. Shape, location and 
size of unseen flaws are spot-lighted in 
finely divided metallic particles. 

The new KH-2 Magnaflux unit, illustrated 
above with the XB-2A Powder Blower 
provides low-voltage, high-amperage out¬ 
puts—both AC and half-wave rectified 
current, for either AC or DC magnetiza¬ 
tion—and also demagnetization after in¬ 
spection. 

Build confidence in your weldments by 
thorough use of Magnaflux. Write today 
for additional information and free copy 
of "Routine Inspection and Salvage of Ma¬ 
chinery Weldments" by James W. Owens. 


*Va9'aa//ax, S9gi$t»r0d V. S. fatmat Ottiem, a trad* mark ol th* Uaguaflux CoiporotfOB 
appiiad to it$ oguipmoot aad matorialM tor maguotie partiel* trupoetioa, 

MAGNAFLUX CORPORATION 

5922 Northwest Highwoy, Chkoge 31, Illinois 

NEW YORK DETROIT DAUAS lOS ANOELES CIEVEIANO BIRMINOHAM 
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and Associate members. Association 
headquarters are maintained at 324 E. 
Second St., Dasrton 2, Ohio. 


MARINE EXPOSITION 

Announcement was made recently at 
the Merchant Marine Conference that the 
National Marine Exposition will be held 
in Grand Central Palace, New York, 
May 20 to 25, 1046. It wiU be under the 
sponsorship of the Propeller Club of the 
United States. 

Three spacious exhibition floors of the 
Palace will house the huge presentation, 
which will be of interest to the average 
person as well as the marine expert. Diu*- 
ing the war dozens of industries contrib¬ 
uted new things to the world of ship¬ 
building and many of these will be dis¬ 
played publicly for the first time. New 
processes and products, new methods, 
alloys, plastics, fibers, minerals, chemi¬ 
cals and modem adaptations of old and 
standard materials, such as rubber, wood, 
felt, leather, etc., will be found in use in a 
wide range of instruments, mechanisms 
and modem constmction forms. In the 
field of electronics some rather startling 
features may be expected. Some of these, 
of cottrse, originally were developed essen¬ 
tially for use in other indtistries such as air¬ 
craft and automotive, and then were found 
adaptable and important in marine work. 
Others were the discoveries of ship de¬ 
signers and technicians, whose contribu¬ 
tions to the war effort were invaluable. 


NEW WELDING SUPPLY HOUSE 

The establishment of a new welding 
supply house for serving users and pro¬ 
spective users of welding supplies in the 
western Michigan area hs^ been an¬ 
nounced by its founder, R. Dudley Lay¬ 
man, former district manager and weld¬ 
ing engineer of the Grand Rapids office of 
The Lincoln Electric Co., Cleveland, Ohio. 

l^ayman, who left Lincoln Electric after 
19 years of service to go into business for 
himself, has been replaced by I. R. Bart- 
ter, who assumes charge of Lincoln’s 
Grand Rapids office. Bartter is a gradu¬ 
ate of B^dwin-Wallace College, Berea, 
Ohio. He also studied at Penn College 
and the University of Minnesota, special¬ 
izing in welding, its uses and applications. 
He was previously district manager of the 
company branch at Duluth, Minn. 

The new Layman Welding Supply Co., 
located at 215 Oakes Street, S. W., Grand 
Rapids, Mich., carries a complete stock of 
arc and gas welding and cutting materials 
and offers a comprehensive service to users 
in that territory on the appIicati<Hi of arc- 
welding methods and techniques. 


SUPPORTING COMPANY 

Mapet & Sprowl Steel Co., Bfunet 
Ave., P.O. Box 425, Union, N. J., is one 
of the foremost Metropolitan distributors 
of iron and steel products carrying all 
grades of sheet steel, hot-rolled angles, 
bars, plates, cold-finished bars and Armco 
ingot iron sheets and plates. Specialties 


include stainless steel sheets, plates, angles 
and bars; Magnetic Armco ingot iron and 
silicon steel sheets. Complete facilities 
for saw cutting, shearing and slitting 
are maintained together with one of the 
largest flame-cutting pantographs in the 
East, capable of handling work 10 x 20 
ft. with two arms, four torches each. 


PRACTICAL ENGINEERING BOOKS 
Practical Design Handbook for Engineers 

A new, much enlarged edition, which 
now includes three formerly separate 
publications: namely. Refinery Piping 
Design, Modem Welded Steel Structures, 
“Aerial Cable Tramways.” It is actually 
an engineering library in “One Handy 
Volume” of 400 pages, large size 12 x 9^A 
in., with hundreds of illustrations, hun¬ 
dreds of practical examples, with charts 
and tables that reduce the time for s<dving 
difficult problems into seconds. 

Contents 

Part 1—A complete theory (rf .strength 
of materiab and structures in:, steel, 
reinforced concrete and timber; all 
stmctural shapes in steel and aluminum; 
stacks in steel, concrete, brick; bridges: 
suspension, cantilever; trusses; retaining 
walls; sheet piling calctilations, earth 
pressure, etc. Part 2—’A complete theory 
of modem welded steel stmctures: Cost, 
speed, strength of welds; bridges of new 
types; quick solution of Vierendeel 
trusses; television towers; derricks; sup¬ 
ports for vibrating machinery; hangars; 



For Greater Safety ★ Superior Welding 

USE G-E WELDING ACCESSORIES 


VENTilATEO HELMET 


GENERAL m ELECTRIC 


FILLET-WELD GAGE 

{Cot. No. 92X512) A necessory tool for both 
operotors end inspeeforj, fhi» handy fillet-weld 
gage provides o quick, occurate meons of gaging 
fillets which hove a straight, concave, or convex 
contour of the following jiie»: ,^4 in., -,'V in., 
s in., Ys in., I <2 in. and ^ in. 

(Lift Pr/c* S125) 


G-E GLYPTAL* 

No. 1294—Weld-spotter Pre¬ 
ventive Coating. A single cooting of 
No. 1294 prevents adhesion of weid- 
spatter for either singfeposs or 
multipass welds. Especially suitable 
when fabricating stainless or special 
olloy steels. 

(Utt Prie* per pW. tt.SOJ 
^Trade.mark Reg. l/.S. Fol. Off. 


OTHER G-E WELDING 
ACCESSORIES 

Gloves • Lenses 
Goggles • Slag brushes 
Cable connectors 
Electrode holden 
leather clothing 

General Electric Cenpgny 
Schenectady 5, N. Y. 


TREATED COVER GLASS 

(Cot. No. 98X3491 Coated on both sides with 
a tough, Iransporent, moistureproof compound this 
cover glass helps to maintain clear vision ond is 
highly resistant to weld-spotter. Efficiency of cooting 
gives this gloss many times the life of on untreated 
glass. 

{Lit! Price SO.IO) 


(Cat. No. 87X578) Equip¬ 
ped with a crown sheet for 
skull protection, this helmet 
features screened ventilators 
which provide cool comfort 
ond prevent fogging of the 
glass. Included also ore eye- 
protective lens, lens gasket, 
clear cover glass, adjustable 
chin rest, heod geor, snop-on 
sweatbend. 

(U*l Prica S6.$0) 
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The NELSON Stud Welder is fully portable, 
works from any standard welding generator, and 
welds in any position. Studs from '/$ ” to " ‘n 
diameter and up to 8" in length are welded with 
complete fusion to metal in '/2 second. 

To speed production, to do a beilcr job faster, 
put this versatile tool on your job. The facts arc 
yours for the asking . . . 

WRITE NOW for complete information, 
or to arrange a demonstration in your own shop 
at your convenience . . . 

NELSON SALES CORPORATION 

LORAIN, OHIO 

R«pr«s«nlillvet knd Dlitributors for 

Nclion Specialty Welding Equipment Corp. Nelion Stud Welding Corp. 

San Leandro. California Lorain, Ohio 


STRAIGHT STUDS ^ WtM 


General Fast«fiing to Motoli 
'Wherever brackets or at¬ 
tachments must be secured to 
sheet, plote or structural 
metal, the stud welder can do 
the job at the rate of one-half 
second or less per weld. 


SHOULDER STUDS 


Metof Liners and Jockotst 

The shoulder Stud provides 
correct spacing between liner 
and casing or jacket, and no 
holes pass through ^e liner 
which can be left smooth and 
unblemished. 


Securing Pipe, Cable and 
Hoset Shoulder studs provide 
a fast, convenient method of 
attaching many types of pipe, 
conduit, cable, tubing or hose; 
three typical applications are 
sUustratMl at left. 


Spacer and Bumper Bars: 
Spacer bars, bumpers and 
guard rails can be attached 
simply and economically with 
shoulder studs. Portability of 
stud welder makes the job 
' on large assemblies. 


Securing Covers: Covers of 
all kinds, with or. without 
gaskets, can be secured quck- 
ly and easily. Usually the 
cover itself can be used as a 
template; studs are welded 
through the cover holes. 


Pipe Hangers and Brackets: 
There are scores of faster, bet¬ 
ter ways to secure pipe, tub¬ 
ing or conduit with stud 
welding. Welds can be made 
in all positions; welder is com¬ 
pletely portable. 


6 ways to fasten 
metal parts 
in Vi second with 

NELSON a4i/SmSris 

STUD WELDING 


OTHER NELSON FLUX.FILLED STUDS 


INSOLATION ETE BOLT BAHEN METAL LATH HOOK LAGGING METAL LATH GROOVED STIRRUP FEMALE 
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direct solutkm of arches for any span and 
rise. Part 3—Statically indeterminate 
structures; rigid frames. A complete 
treatise with hundreds erf examples, formu¬ 
las, most completely covering the whole 
field. Tall frame buildings. Part 4— 
Pressure and vacuum vessels—industrial 
piping. Part 5 —Refinery piping design. 
Part 6—Shafts, gears, belts. Metals. 
Part 7—Hydraulics—heat transfers—re¬ 
frigeration. Part 8—Oils, hydrocarbons, 
chemicals. Part 9 —Aerial cable tram¬ 
ways. Part 10—Most complete tables of 
numbers and exact squares for any num¬ 
ber from 1 to 10,000. Trigonometry— 
integrals and differentials. Engineering 
emversion tables of all kinds. 

Calcolos for Practical Enginaais 

In a simple, quick, engineering way— 
100 pages, 12 z 9Vi in., with hundreds of 
illustrations and practical problems solved. 

Mathematics, calculus, is the base rock 
of engineering. Every engineer should 
have a working knowledge of calculus, be¬ 
cause practically every formula used by 
him was derived by calculus. In this book 
the calculus b explained without any 
theories, in such a way, that anyone 
who passed in algebra and geometry can 
learn it quickly by himself, preferably 
without any teacher who might confuse 
him by some mysterious explanations. 

Dr. Alob Cibulka, Doctor of Engineer¬ 
ing, Regbtered and Consulting Engineer 
in State of Texas; b the author of the 
two books mentioned: Price: Handbook, 
S6.00; Calculus, $3.00 a copy—postpaid. 
Send orders to: Clarke & Courts. 1210 
West Clay, Houston 1, Tex. 


SUSTAINING MEMBER 

Jessop & Co. Ltd., 93 Clive Street, 
Calcutta, establbhed in Indb 1788. 
London Agents Messrs. Jessop & Co., 
Ltd., Stone House, Bbhopsgate, London, 
E.C.2. Thb company owns three large 
works, employs 6000 men and carries out 
extensive contracts involving all classes of 
Civil, Structural, Mechanical and Elec¬ 
trical Engineering, while yet another sec¬ 
tion conducts an Agency and Merchant 
Business representing many well-known 


Britbh and American manufacturers. 
The Jessop organization plays an impor¬ 
tant part in the general industrial develcq>' 
ment of India where it has for so many 
years been establbhed. 


CLARENCE E. JACKSON, 
METALLURGIST FOR THE NAVT 
RECEIVES DISTINGUISHED CIVILIAN 
SERVICE AWARD 

Clarence E. Jackson, metallurgbt in 
cbaige of welding research at the Naval 
Research Laboratory, Anacostia, D. C., 
was awarded by the Navy the Dbtin- 
gubhed Civilian Service Award for bb 
work in that capacity. 

Rear Admirri H. G. Bowen, U. S. N., 
Chief of the Office of Research ud Inven¬ 
tions of which the Naval Research Labo¬ 
ratory b a part, made the presentation 
and read the following citation at cere¬ 
monies at the Statler Hotel: 

“For exceptionally dbtingubhed serv¬ 
ice to the United States Navy as 
Head of the Welding Section of the 
Divbion of Physical Metallurgy of the 
Naval Research Laboratory. 

“For outstanding and original re¬ 
searches on the fundamentab of weld¬ 
ing metallurgy, and for the develop¬ 
ment of ingenious new tests for evaluat¬ 
ing weldability which have contributed 
to the development of new weldable 
high tensile and alloy steeb for naval 
use. For the interpretation of the 
principles of welding which have been 
adopted voluntarily by welding organi¬ 
zations throughout the United States. 

“A continued organized effort has 
been directed toward the develc^ment 
of a test for evaluating the weldability 
of steeb both of structural and armor 
grades for naval service. Thb wo-k 
has been paralleled by fundamental 
studies on the metallurgical effects of 
the welding process. The results of 
hb efforts have been such as to firmly 
establbh Mr. Jackson's work as au¬ 
thoritative in American as well as 
Britbh welding circles. 

"By hb objective point of view, 
by hb sound and fair judgment, and 
by hb conservatbm, coupled with 


true inventiveness, Mr. Jackson has 
dbtingubhed himself in a manner de¬ 
serving of the Navy’s highest civiliao 
award." 

Jackson, whose home b at 6607 Poplar 
Ave., Takoma Park, Md., formerly seiVed 
as a metallurgbt for the Natimal Bureau 
of Standards, Department of Commerce, 
and for the Naval Gtm Factory, Washing¬ 
ton, D. C. He was bom in Graceville. 
Minn. 


PARKS APPOINTED METALS SOdETT 
EDITOR 

John M. Parks has joined the staff of the 
American Society for Metab as editor of 
technical books, according to an announce¬ 
ment made recently by W. H. Ebenman, 
secretary of the Society. Dr. Parks wffl 
also assbt in the work of the Educational 
Committee and prepare lecture series for 
use by the 69 local chapter groups of the 
Society. 

“Dr. Parks’ background in teaching, 
research and consultation ideally fit him 
for thb editorial work," Mr. Ebenman 
pointed out. “With many new metal¬ 
lurgical engineering developments coming 
out of the war, the Society’s objective will 
be to coordinate the advances of the 
industry and present these in technical 
books prepared under the direction of 
Dr. Parks. The score or more of books 
now being publbhed will also be revised 
and brought up-to-date under Dr. Paries' 
direction." 

Dr. Parks received hb Bachelor of Sci¬ 
ence degree in Chemical Engineering from 
Purdue University and hb M.S. in Metal¬ 
lurgical Engineering and Ph.D. from Rens¬ 
selaer Polytechnic Institute. Since 1939. 
he has bem engaged in teaching and re¬ 
search at Rensselaer and had a varied 
part in the war research program of the 
Metallurgy Department. 

Hb stuffies in thb activity included the 
seam welding of steel to aluminum, spot 
welding of hardenable steels, and the 
melting, rolling and heat treatment of 
experimental magnesium alloirs. He has 
alro served as a consultant for various 
industries concerned with metal spraying, 
electroplating, steel heat treatment, steel 
inclusions, welding failures, ud X-ray 
diffraction and radiographic examination. 


LOW TEMPERATURE 

^ ELECTRODES 


EutecTrode 28 

A Coated Electrode for the Metallic 
Arc Welding of Bronze, Brass, Copper 

For reduced production costi—<on be uted 
with AC ond DC — deposits sound welds 
with good corrosion resistance — a close 
color match to red bronzes and yellow 
brosses—tensile strength 45,000 psi. 



BronseCoslinfli 
w»ld«d with 
EutecTrode 28. Thii 
ii tho flril eloctrodo 
dovefoped thot con luc- 
cesitwlly weld copper, 
brass and broaie with on 
AC-DC inetolllc arc. Com¬ 
pletely machinable, perteci 
color match, high tensile strength. 


EUTECTIC WELDING AllOYS CO., New York 13, N. Y. 

Originators & Pioneers in Low Temperature Welding Rods & Fluxes 


Take advantage of these improved EutecTndis: 

^ 24—for cost iron—-no preheat—AC-DC 
^t24B—for cost iron—AC-DC 
#30—for copper—AC-DC 
#210C^—for aluminum alloys—DC 

and these EirteChronis: 

# 2—for hard overlays on worn parts — 
AC-DC 

#4—for work-hardening everloys—AC-DC 
#^~for overlays on tool sleet—AC-DC 
#8—for high hardness, impact strength — 
AC-DC 

#12—for extremely hard overlays—AC-DC 

Complete new booklet on fob- 
ricating with EUTECTIC low 
Temperature Welding Rods. 
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The International Nickel Company has developed the Ni-Rod electrode 
for repairing broken or worn castings, remedying casting defects in the 
'foundry, and for all welding work on cast iron where sound welds of 
high machinability are essential. 

• Ni-Rod. when used according to recommended procedures, eliminates 
the common cause of complaint found in an electrode for this type of 
- service—cracked and porous welds. 

Already proved by extensive tests in the field, Ni-Rod offers the 
following advantages: 

Superior arcing characteristics 
Fine wash 

Excellent bead contour 

Easily removable slag 

May be used on either A.C. or D.C. 

Generally, preheating is not required. However, experience has shown 
that casting thickness, uniformity of cross-section, and stress involved 
will determine the advisability of preheating to eliminate cracking and 
to obtain maximum machinability. 

Because of its excellent arcing and flow characteristics, Ni-Rod is an 
extremely easy-handling electrode. Its weld deposits are smooth and 
even, closely resembling the color of cast iron. 

We think youll like Ni-Rod. 


THE INTERNATIONAl NICKEL COMPANY, INC., 67 Wall StrMt, Now York 5, N. Y. 


LTIANTA i, OA. 

J. M. Tvu. BttTAL •» SlTFn.T CO. 
385 Msrlstta 8tr««t 


NI-ROD IS DISTRIBUTED BY: 


PimtUROH 19, PA. 

Williams amd Cobipany, Inc. 
901 PennsylvnlA Avmmm 


lAlTIMORE 17, MO. 

WKnUOAD MSTAL PRODUCTS 

CoMPANT, Inc. 

413 Wsft North Avsnue 

lOSTON 41, MASS. 

Whitbhbad Mbtal Products 
Company, Inc. 

235 Bridfo St., Cambridg*, Msm. 

lUPPAlO 9, N. Y. 

Whitehbad Mbtal Products 
Company, Inc. 

254 Court Stroot 

:HICA00 93, ILL. 

Steel Sales Corporation 
3348 South Pulsitd Road 

:INCINNATI 14, OHIO 
Williams and Company, Inc. 
1921-1927 Dunlap Streot 

CLEVELAND 14, OHIO 
Williams and Company, Inc, 
3700 Perkins Avanue 


C01UM8VS 15, OHIO 
Williams and Company, Inc. 
31 North Grant Avanua 

DALLAS t, TEXAS 

Metal Goods Corporation 
2500 South Brvay Straat 


DENVER 17, COLO. 

Ubndrie h Bolthopp Mro. e 
Supply Co. 

1621-39 SavMitaettUi Straat 


DETROIT to, MICH. 

Steel Sales Corporation 
5151 Watson Avenue 

HOUSTON 1, nXAS 

Metal Goods Corporation 
16 Drennan Street 

LOS ANGELES 91, CAL. ■ 

Pacific Metals Company, Ltd. 
1400 S. Alameda Street 


MILWAUKEE 4, WIS. 

Steel Sales Corporation 
647 W. ^nrclnla Street 

MINNEAPOLIS IS, MINN. 

Steel Sales Corporation 
529 South 7th Street 

NEWARK 5, N. J. 

Whitehead Metal Products 
Company, Inc. 

205-311 Prelinghuyten Avenue 

NEW ORLEANS 19, LA. 

Metal Goods Corporation 
413 Canal Building 

NEW YORK 14, N. Y. 

Whitehead Metal Products 
: i Company, Inc. 

303 West 10th Street 

PHILADELPHIA 6, PA. 


PORTUND 5, ORE. 

Baole Metals Company 
307 New Fliednar Bldg. 

ST. LOUIS 10, MO. 

Steel Sales Corporation 
4565 McRea Avenue 

SAN FRANCISCO 10, CAL. 

Pacific Metals Company, Ltd. 
3100 Nineteenth Street 

SEATTLE 4, WASH. 

Eagle Metals Company 
3628 East Marginal Way 

SYRACUSE I, N. Y. 

Whitehead Metal Products 
Company, Inc. 

242 West Washington Street 

TULSA 3, OKLA. 

Mrtal Goods Corporation 
19 Bast Cainarcaa Street 


Whitehead Metal Products 
Company, Inc. 

725 Arch Street 


Digitized by 

rtr write* fnr metre* infnrmtitinn. 


Go 





DR. JOHNSTON RETURNS TO LEHIGH 

Dr. Bruce G. Johnston has resumed his 
duties as Associate Director of the Frits 
Engineering Laboratory at Lehigh Uni¬ 
versity and also has been made T^ofessor 
of Civil Engineering at the University. 
Dr. Johnston has been on leave of absence 
from the Bethlehem institution for the 
past 3*/t years during which he served as 
Engineer on a number of war projects 
with the Johns Hopkins University of Ap¬ 
plied Physics. 

At the Fritz Engineering Laboratory Dr. 
Johnston will be in charge of cooperative 
industrial research projects in the struc¬ 
tures and 'niaterials fidds and will give 
graduate instruction in structural me¬ 
chanics. The laboratory expects to ex¬ 
pand its service of many years standing in 
which it has cooperated with industries 
and industrial associations on a variety of 
research projects. Both half-time re¬ 
search fellows and full-time engineers are 
emplo 3 red on these projects, depending 
on the scope and tu'gency of the work. 


WM. C. STRATTON JOINS EBASCO 

On August 1.1945, Mr. Stratton joined 
the engineering staff of Ebasco Services, 
Inc., after three years of service in the 
ofBce of War Utilities, WPB, as chief of 
the Steel Section and Special Assistant. 
Prior to that Mr. Stratton was with The 
Detroit Edison Co. Mr. Stratton is a mem¬ 
ber of the Ambrican Wbldino Society. 


R. M. DANIELS JOINS RED BALL 
BATTERY & SUPPLY CO. 

Mr. Daniels joined the firm on Sept. 1, 
1945. as a partner with his brother. The 
company is expanding its activities to 
include the sales of welding equipment and 
supplies. 

Mr. Daniels has been with the Lincoln 
Elec. Co.as a Welding Engr. in Chatta¬ 
nooga for the past nine years and prior to 
that spent eight years with General Elec. 
Co. in Schenectady, N. Y. He is a mem¬ 
ber of the Ambrican Welding Socibty. 


GORDON NEW GENERAL MANAGER 

The advancement of John D. Gordon 
to the post of General Manager and the 
appointment of Carl L. Halpin as Manu¬ 
facturing Works Manager is announced 
by Fred Johnson, President of Progres¬ 
sive Welder Co., 3050 E. Outer Drive, 
Detroit 12. 

Mr. Gordon was formerly General 
Sales Manager of Progressive Welder. 
As General Manager, he will be in com¬ 
plete charge of all company operations, 
including sales, service, manufacturing 
and engineering, the latter having been 
expanded by the addition of a welding 
and welding equipment research and de¬ 
velopment division. 

Mr. Halpin leaves an extensive con¬ 
sultation practice on- manufacturing to 
take over the production management of 
Progressive’s expanded line of resistance 
welding equipment. 


L D. T. BERG APPOINTED WILDING 
SPECIALIST 

L. D. T. Berg, for the past five years a 
sales engineer in General Electric’s Elec¬ 
tric Welding Division, Schenectady, has 
been appointed welding specialist of the 
Company’s Atlantic District with head¬ 
quarters in Philadelphia, according to an 
announcement by K. H. Runkle, man¬ 
ager of the G-E Industrial Divisions. 

Mr. Bert, a native of Sparta, Wis., was 
graduated from the University of Wis¬ 
consin in 1937 with the degree of B.S. in 



L. D. T. Barg 



BRAZING ALUMINUM 
MEANS LOWER COSTS 

KRE-CO ALUMINUM BRAZING PRCKESS rc- 
dueas eosb to a minimum, sptadi production and 
joint parti parfactly, avan with thin gauge aluminum. 
New operator training time halved ~ that’s how 
simple the procesi is. Bulletin D7 should be in 
your Me—send for it now. 


KRE-CO MULTICHEMIC FLUX 

DIVISION OF 

CHARLES W. KRIEG CO. 

52-60 Dickerson St. Newark 4. N.J. 
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NATIONAL AID ITS REPRESENTATIVES SEND 



TO YOU ALL! 


j 

NATIONAL 

1 

MANUAL* AIR-HYDRAULIC'MOToi 

DRIVEN -SPOT-PROJECTION-SEAM 

•BOTT-FLASH & SPECIAL WELDERS 


ALBANY 7, NEW YORK 
R. L. Brown* 

7SSUU BmIt Bids. 

Pkon* 4-217S 

ATLANTA, GEORGIA 
CltMdl«f MaeMntry Coapony 
ItOHouiton St., N.E. 

Pkon* Walnol 3343 

BIRMINGHAM, ALABAMA 
N*UotMl Cylindor Gu Co. 
709 S. ZlftStr**! 

Mon* 7-7697 

CHICAGO 12, ILLINOIS 
J. M. Coop«i 
9 So. K«dxl« Av«. 

Ptren* Socrtatnio 1506 

ONCINNATI 2, OHIO 
L. J. GotlKh«lli, Jr. 

131 T«npl« Bm Bldg. 

Phon* Parkway 2030 


CLEVELAND 18, OHIO 
W. O. LINl* 

3109M«ya«ld Road 
Phoit* Yoilowiton* 6360 

DETROIT 2, MICHIGAN 
631 Fliiitr Bldg. 

Phon* Trinity 2-2760 

GRAND RAPIDS 4, MICHIGAN 
JoMph MotMhan 
351 Indiana Av«.,N.W. 

Phon* 8-5917 

INDIANAPOLIS 4, INDIANA 
Ensln**fing S*l*« Co. 

621 N. Illlnoii St. 

Phon* Franklin 2381 

LOS ANGELES 15, CALIFORNIA 
Gaorg* S. Tivy 
1406 S. Grand Av*. 

Phon* Pro«p*el 8806 


MEMPHIS, TENNESSEE 
National Cylindar 6** Co. 

504 h4cCall Bldg. 

Phon* 8-4228 

MINNEAPOLIS 2, MINNESOTA 
Ch«. W. Ston* 

1019 MwqMtte Av*. 

Mon* G*n*va 8631 

NEW ORLEANS 13, LOUISIANA 
Patrick H. Dillon 
524 Howard Av*. 

Phon* Raymond 1214 

PHILADELPHIA, 
PENNSYLVANIA 
K. W. Oatrom 
213 Gian Gary Driv* 

Uppai Darby, Pann. 

Phon* Hilltop 4491 


ST. LOUIS 5, MISSOURI 
D. A. Clamcnb 
709 Academy Av«nu* 

Phon* Forest, 4950 

SEATTLE, WASHINGTON 
Northwest EQ*lpm*nt Co. 

1140 W. 53rd SL 
Phon* HE 3300 

WASHINGTON 5, D. C. 

Paul Warras 
1507 M Stract. N.W. 

Mon* National 5812 

TORONTO 1, ONTARIO 
J. H. Ryd*r Machinery Co. 

55 York St. 

Men* ADalald* 7401 

MONTREAL, QUEBEC 
T, E. Ryder Machinery Co. Ragiitared 
635 St. Paal St. West 
Phon* PLataau 6459 


NtTIONAl ELECTRIC WElDINfi MACHINES CO. 1850 N.TROMBULL SL. BAY CITY. MICHIGAN. U.S. A. 
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MERRIMAN PROMOTED 


electrical engineering and immediately 
joined General Electric as a student engi¬ 
neer. After taking the Test Course in 
Milwaukee, Schenectady, and Pittsfield, 
Mass., he was transferred in December 
1938, to the International General Electric 
Co., Inc. 

In September 1940, he was named a 
sales engineer in the G-E Electric Welding 
Division, reporting to C. I. MacGuffie, 
manager. 

Mr. Berg is a member of the American 
Wbldzno SoasTY and the American In¬ 
stitute of Electrical Engineers. 


LUKENS STEEL NAMES BROWN TO 
HEAD PITTSBURGH OFFICE 

Arthur H. Brown who has been as¬ 
sociated with Lukens Steel Co. and sub¬ 
sidiaries, By-Products Steel Corp. and 
Lukenweld Inc., Coatesville, Pa., since 
1930, has been named Manager of Sales for 
Pittsburgh and vicinity, according to an 
announcement made recently by J. 
Frederic Wiese, vice-president in char^ 
of combined sales for the three companies. 
The appointment was effective Monday, 
Oct. l^h. Brown is making his head¬ 
quarters at 429 Fourth Ave. near Grant 
St., Pittsburgh. 

Brown, a native of Coatesville. has 
served in the Coatesville District Sales 
Office. Previously, from 1939 to 1943, 
he was associated with the New York sales 
office. He has served also as a member of 



Arthur H. Brown 


Flanging Sales and Plate Sales Depart¬ 
ments, as well as with the Mechanical 
and the Standards Departments of Lukens 
in Coatesville. 

Brown, who was graduated from Coates¬ 
ville High School, also attended Man¬ 
hattan College, New York; Brooki 3 m 
(N. Y.) Polytechnic Institute, and Penn 
State College extension courses. He has 
been active in the York-Central Pennsyl¬ 
vania Section of the American Welding 
Society, currently serving as chairman 
of the program committee. 


Paul H. Merriman, for eight years head 
of the Electrical Group, Tool Engineering, 
of The Glenn L. Martin Co., Baltimore, 
Md., has assumed new duties as head of 
the Electrical and Electronics Section of 
the laboratories of the Martin organiza¬ 
tion. 

A graduate of the University of the 
South and Duke University, Mr. Merri¬ 
man began working with Martin 12 years 
ago in the shop. After three years be 
transferred to Tool Engineering where he 



Paul H. Mazziman 
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worked ea a wddisg engineer in the 
development of aluminum spot welding, 
steel arc welding and flash wdding as 
well as other production methods. His 
greatest achievements were the Martin 
PBM Mariner radar production installa* 
tkm and the Martin radio network, the 
largest industrial setup of its kind in the 
industry. Just prior to his new assign¬ 
ment he was head of Manufacturing De¬ 
velopment. 

h&.. Merriman is chairman of the 
Eastern Section, Aircraft Welding Re¬ 
search Committee, a member of various 
N.A.C.A. and N.D.R.C. War Committees, 
the Aircraft Armor Plate Committee, 
Ambrican Welding Society, A.I.E.E., 
I.R.E., Institute of Aeronautical Science 
and other organizations. 


FRED C. SMITH 

Harry G. HoweU, vice-president in 
charge of production of Tube Turns, Inc., 
Louisville. Ky., has announced the ap¬ 
pointment of Fi^ C. Smith as Director of 
Quality. 



Fred C. Smith 


A native of Marion, Ind., Mr. Smith 
acquired his B.S. and Ch.E. degrees at 
Purdue and began his administrative 
career as plant metallurgist with Inter¬ 
national Harvester in Fort Wayne and 
Chicago. Prior to joinmg Tube Turns in 
January 1943, as chief metallurgist, he 
was field metallurgist for Carnegie-Illinois. 
He is a member of the American Society 
for Metals, the American Society of 
Automotive Engineers, the American 
Welding Society and other technical 
bodies, and of two honorary fraternities, 
Tau Beta Pi and Phi Lambda Upsiloo. 


HERTY ELECTED P RBSIDK NT OF METALS 
SOdETT 

Dr. Charles. H. Herty, Jr., of Bethle¬ 
hem, Pa., was elected national president 
of the American Society for Metals at the 
annual meeting on Nov. 2nd, at the Cleve¬ 
land Club. 

As president of the Society during the 
past year. Dr. Kent R. Van Horn, As¬ 
sistant Manager, Cleveland Research 
Division, Aluminum Company of Amer¬ 
ica, Cleveland, presided during the annual 
meeting which was held in conjunction 
with the regular meeting of the Cleveland 
Chapter of the Society. 

Other officers elected were A. L. Boege- 
hold, head of the metallurgy department. 
Research Laboratories Division, General 
Motors Corp., Detroit, vice-president; 
Dr. H. E. Work, manager of research 
and development, Jones & Laughlin 
Steel Corp., Pittsburgh, treasurer; John 
Chipman, professor of metallurgy, Massa¬ 
chusetts Institute of Technology, Cam¬ 
bridge, Mass., and W. £. Jominy, chief 
metallurgist. Dodge Chicago Plant, Chry¬ 
sler Corp., Chicago, trustees. 

In addition to election of officers, the 
annual meeting included a report by 
W. H. Eisenman, national secretary of the 
Society. Following the annual meeting 
Dr. Herty discussed "Steel Making 
Practice as it Affects Properties of Inter¬ 
est to the User.” 


KNEEN AMD LANDIS ELECTED VICE- 
PRESIDENTS BT LINCOLN ELECTRIC 

H. F. Kneen has been named vice- 
president in charge of manufacturing, and 



H. F. Kneen, Vic^President in Charqe of 
Manuiacturing 



G. G. Landis, Vioe-Preaident in Charge of 
Engineering 


G. G. Landis, vice-president in charge of 
engineering for The Lincoln Electric Co., 
Cleveland, Ohio. 

Announcement of these promotions 
was made following the regular quarterly 
meeting of the company’s Board 
Directors. Both men have served the 
firm for many srears, having helped it 
develop to its position as world’s largest 
producers of arc-welding equipment. 

Mr. Kneen joined The Lincoln Electric 
in 1929, a few years after graduating 
from Cornell University where he re¬ 
ceived a Master’s Degree in industrial 
engineering. He was widely known as an 
athlete, and is a member Chi Psi and 
the honorary engineering society, T^ 
Beta Pi. 

Promoted from his original position of 
assistant plant superintendent to general 
plant superintendent in 1931, Kneen has 
been largely responsible for carrying out 
the policies of the widely known incentive 
plan instituted by the company's Presi¬ 
dent, J. F. Lincoln, over a decade ago. 
His success in handling men had consid¬ 
erable influence in bringing about the 
present harmonious relationship between 
shop workers and management. 

^een is a member of the American 
Welding Society, Mayfield Country 
Qub and Mentor Harbm Yacht Club. 
His chief hobby is sailing a new type sloop 
known as the "Great Lakes 21” which he 
was instrumental in designing. 

He lives at 1735 Sheridan Rd., South 
Euclid, Ohio, with his wife and four 
children. 

Mr. Landis is a veteran of overj2D 
years with Lincoln Electric. He received 
his electrical engineering education at 
Ohio State University and graduated 
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Design for resistance welding 


No. 10 of a Series of Bulletins on Preferred Designs for Resistance Welding Assemblies 



Spot Welding Saves by Eliminating 

Time-Consuming Operations 

R edesign of riveted sheet metal assemblies for spot welding speeds 
up some operations and eliminates others. In the case illustrated 
above, costs were high because: (1) Countersunk rivets had to be used 
in order to obtain a flat outside surface; (2) there was not sufficient 
clearance to permit using autcmiatic riveters; and (3) many assemblies 
were distorted by the force of tiie riveting hammers and had to be 
straightened by hand. Spot welding produced smoother assemblies in 
a small fraction of the time required by tiie original design. Note Uiat 
this is one of many types of dightiy inaccessible joint designs which 
can be readily spot welded by using offset tips or holders. Spot welding 
is versatile as well as fast n 

Spot welding is widely adaptable for the production of mechanical joints 
which are not required to be liquid ox gas tight. Weld strength and 
weld quality are limited only by the care that is taken to establish suit¬ 
able procedures and process controls. Recent improvements in spot 
welding machines and techniques have greatly increased tiie range of 
thicknesses which can be satisfactorily welded, as comi>ared to what 
was considered practicable only a few years ago. 

The economies and tiie product improvements that are possible witii 
present-day resistance welding practices are too important to be over¬ 
looked in your production planning for 1946. Consult with members 
of the Resistance Welder Manufacturers' Association about adapting 
your designs for best application of this low-cost assembly process. 

RESISTANCE WELDER MARIFACTIRERS’ ASSOCIATION 

505 Arch Street • Philadelphia 6, Pa. 



Sack chapter In this 28S-page manual was 
prepared by a group of outstanding enri* 
aeers. It ^tos hm infmnaiion on ue 
fundamentals of the different resistance 
welding processes, and is a reliable guide 
to the swectioa of proper equhpment for 
each process. This faindamental informa¬ 
tion uionld be available wherever parts 
are being designed for resistance wel^g. 

Price, $2.80 per copy 



MEMBERS OF RWMA 

SelaW Btoiam 

C h lo aQ O 38, Illliiol. 

Swift Baotiia W«ld«r Coapaay 
Dwtielt 10, MloUgaa 
Taylor-Ball WaUiac Cafporatteai 
Wanm, Ohio 

Tho T« 7 lor>Wiiiflold CoiporatioB 
Wanan, Ohio 

Thoataon-Qlhb Saotito WakUsg Ca. 

Lyaa, Mawaohaaatta 
W^diac Maohlaaa Maaafaotaftac Co. 

Datroit, Mlchigaa 
Aemm llaotiio W^ar Conpaay 
Lcia Aagriaa 11, CijUMala 
lUar Trnglnaarlnq Coaapaay 
Mawark, Maw Jaiaay 
Izpart W^diag Maehiaa Compaay 
Dattelt, 

Tha Fadaral Maohlaa G Wddar Coapaay 
Wartaa, Ohio 

MalU-Hydionatio Waldlng G Mfg. Co. 
DahrUt, MiohJcaa 

National Kaotrio Waldlng Maohtaaa Co. 
Bay Oty, 

Ptograaalya Waldar Cowpaay 
Datnlt 12, Miohlcaa 
Raalatanna WaMar Corpocattoa 
Datzolt 2, Mlchtgaa 


THE ALLOY GROUP 


Aatpoo Matal, Inoorporalad 
klilwaahM 4, Wiaooaala 
naotioloy Coaapany, IneoipoKatad 
Bridoaport, CoaaacUcnt 
P. R. Mallory A Company, laoorporatad 
ladlaaapolia, lauana 
^M-S Corporation 
Datioit 11, 

Waldtae Salaa G Eaeinaariag Company 
DaOoil, Miohlqan 
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with a Bachelor of Science degree in 1922. 

After two years with sever^ large elec* 
trical companies, he resigned to enter the 
laboratories of Lincoln Electric in 1924, and 
was promoted to chief engineer in 1930. 
Many patents on both arc welding and 
electric motors have resulted from his 
genius in the electrical engineering field. 

Vice-President Landis is a director of 
the company and has complete charge of 
the design and production engineering on 
welding equipment manufactured by the 
company. 

He is a member of the honorary engi¬ 
neering society, Eta Kappa Nu, belongs to 
Signut Xi scientific honorary society and 
the American Welding Society. 

Landis has contributed numerous ar¬ 
ticles to the trade magazines and fre¬ 
quently lectures at colleges and schools. 

He is married and lives at 1884 Belvoir 
Blvd. He has two daughters and one 
son. 

Outside his devotion to his family and 
profession, Landis does outstanding work 
in wood carving. 


PRESSURE-WELDED RAILROAD RAIL 

Pressure-welded railroad rail is being 
used more widely each year by many of the 
nation’s largest railroads. This type of 
long continuous rail b produced by a 
patented oxyacetylene pressure-welding 
method. In thb method, standard lengths 
of ran are clamped in a welding machine, 
with ends butt^ firmly and squarely to- 



JoinUess Rails */« Mile Long, Made From 
Standard Lengtlu by Ozyacetvlene Free- 
sure Welding, Are Shown Ready to Move 
Into the S-Miie Long Hooeao Tunnel on the 
Boston A Maine Railroad Near NorA 
Adams, Mass. 


gether. Heat from several oxyacetylene 
blowpipes b then applied to the rail ends, 
heating them to the correct temperature. 
At the same time, pressure b applied to 
force the heated, semiplastic ends together, 
forming a weld stronger than the rail 
itself. 

These long raib are used in tunneb, on 
bridges and in open track. Thb type of 
rail not only eliminates the need for bolt 


tightening at rail joints, but also saves 
wear and tear on raib and rolling stock, 
and gives a smooth ride. 


TECHNICAL WELDING SERVICE 

Mr. M. H. MacKusich formerly Weld¬ 
ing Engineer for the California Shipbuild¬ 
ing Corp. has organized the above service 
with headquarters at 2008 West Seventh 
St., Los Angeles 5, Calif. Mr. MacKusich 
will bring to thb service 12 years of eq>e- 
rience in Pressure Vessel contruction to 
A.P.I. and A.S.M.E. Code requirements 
and 4Vs years of Welded Shipbuilding 
construction to A.B.S. and U. S. Navy re¬ 
quirements. The service will be available 
to clients in the selection of welding meth¬ 
ods and processes, reducticm of operating 
expense and improvement of products. 


NEW CATALOG 

A new catalog No. 2010-B has been 
issued by the Heavy Machinery Divisioo 
of The Cleveland Crane & Engineering 
Co., Wickliffe, Ohio describing Cleveland 
Steriweld Bending Presses and BuUdozeTS. 
Details of construction are illustrated and 
tables of dimensions and specifications in¬ 
cluded. Data b aUo provided on ^>ecial 
bed and ram designs. 

Copies oi catalog No. 2010-B furnished 
upon request. 



NET MONTHLY ADVERTISING RATES 
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Buy “Proven Fluxes’V with Tears of 

Guaranteed Satisfaction behind them 

The Trade-Name is “ANTI-BORAX” 

A»kfor Them Unequalled for Quality 

A Flux for every metalt Cast Iroa| Welding Flux 
No. 1| Brazing Flux No. 2| Bras*Caat Flux No. 4 
for brouM-welding cast iron| **ABC**' Alumluum 
Flux No. A for Mheel Alumiuum and ali allt^s of 
AlumiDum; Stainless Steel Flux No. 9| Silver 
^Ider Braxing Flux No. 10| No. 16 Silver Solder 
Paste Flux. 

ANTI-BORAX COMPOUND COMPANY 

Fort Wayne, Indiana 


TIP CLEANING DRILLS 

Mounted in Knurled 

BRASS Hendled 

LARGE* STCXK 
PROMPT DELIVERY 

NO RATING REQUIRED 

DISTRIBUTORS WANTED 

NEW MEXICO STEEL CO. 

Box 691, Albuquerque, N. M. 
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fillet, mode in the vertical petilien, illwt* 
I tl>e deep peitetretien and excellent fwcien obtained 
Type W>5^ 


Of corben-mely steel, this transformer radiator assembly being 
welded in the vertical pesltlen is typical ef the applications for which 
Type W*5d was designed. Either e-<, os in the lllustratien, or reverse 
polarity d-c can be vsed. 
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NEW PRODUCTS 

The Society assumes no responsibility 
for the validity of oleums in thin Section 


PORTABLE SPOT WELDER 

A complete new line of overhead type 
portable spot welding units has been 
announced by Sciaky Bros., Chicago, Ill. 
Both pneumatic and hydraulic systems 
are available with transformer ratings of 
60,76 and 100 kva. 

A variety of standard gun styles in both 
alligator and "C” types are designed to fit 
nearly every application. Special em> 
phasis is made on lightness in both gun 
and cable design, permitting the opera¬ 
tor to work faster with less fatigue. 
Spring type or pneumatic balancers are 
provided for easy positioning of the gun. 



Transformers may be with or without 
tap switch. Electronic control units are 
available for control of welding sequence, 
current interruption and, where desired, 
electronic control of welding heat. Unit 
may be permanently suspended for pro¬ 
duction lines, or hung from any jib hoist, 
monorail, etc., for tack or structural weld¬ 
ing on large assemblies. 

Hydraulic system makes efficient use of 
water with special fast-acting booster and 
electrovalve. In case of leakage, system 
is automatically refilled from same line 
supplying cooling water to transformer, 
cables and gun. Corrosion-resistant ma¬ 
terials are used throughout. 


ARC-WEU)ER UNIT DESIGNED FOR 
USE ON WILLYS "JEEP" 

A mountain-to-Mohammed version of 
the civilian "Jeep,” which enables agri¬ 
culture and industry to perfcam on-the- 
spot arc-welding jobs, has been developed 
by Willys-Overland Motors. 

The new development, according to 
Delmar G. Roos, vice-president in charge 
of engineering for the automotive concern, 
"offers a solution to the costs and delays 
occasioned on farms and in factories by 


sending damaged machine parts away f<nr 
repairs.” 

Tested in war for quick repairs to air¬ 
planes and tanks, the new arc-welder Jeep 
was described as having especial appeal for 
contractors, public utility companies, 
municipalities, welding companies, rail¬ 
roads and returned veterans who want to 
set themselves up in the welding business. 

In the case of farm machinery broken in 
the field, he explained the arc-welding 
Jeep would repair the machine on the 
spot. In laying pipe line, the arc-welding 
Jeep could keep pace with the line itself 
over terrain where conventional trucks 
would have difficulty. 

A generator for the arc-welding unit is 
powered by the Jeep engine and uses only 
slightly more than a gallon of gasoline per 
hour, Mr. Roos said. The rated capacity 
of the generator is sufficient to handle up to 
'/i-in. welding rods. 


ELECTRODE 

The American Agile Corp. of Cleveland, 
Ohio, announces the development of 
their newest type of electrode which will 
be known in the future as Agile-Blue. 
This rod is being developed for the broad 
field of all welding applications with low 
open circuit transformer type welding 
machines. 

It performs equally well in all welding 
positions and can be applied with ease 
and efficiency. The performance of thb 
new electrode is outstanding for the weld¬ 
ing of light-gage sheet metal, steel furni¬ 
ture, tanks of all types, ornamental struc¬ 
tures, auto fender work, steel window 
frames and sashes, switch boxes, sidewalk 
gratings, motor housings, conveyors and 
all mild steel production welding. 

Agile-Blue possesses the following ad¬ 
vantageous features: smooth, extremely 
neat weld deposit; minimum spatter loss; 
very easy slag removal; easily applied; 
welds very rapidly. This type of elec¬ 
trode will occupy a very definite place in 
the field of reconversion and peacetime 
production. Literature has l^en pre¬ 
pared outlining this product in more de¬ 
tail giving welding instructions, suggested 
amperages, specifications, etc. This in¬ 
formation will be sent on written request. 
Address all inquiries to American Agile 
Corp., Dept. E., 5806 Hough Ave., Cleve¬ 
land 3, Ohio. 


NEW LOW-PRICED WELDER FOR FARM 
AND SHOP USE 

A new low-priced welder which is ideal 
for rural power lines and is said to over¬ 
come all the objectionable features of 


previous welders designed for this type of 
service has just been announced by The 
Lincoln Electric Co., Cleveland, Ohio. 

The new imit, call^ the "Fleet-Arc Jr.,’* 
is for 230-v., single-phase power lines and 
meets the limited input requirements oi 
rural utilities and R.E.A. by a design of 
high efficiency and high power factor. It 
has a maximum input current of 36 amp. 
and provides a machine which meets the 
new N.E.M.A. standards for this type of 
welder. It can be used with the standard 
3-kva. power transformer provided by the 
power cesnpany. Current range is from 20 
amp. at 20 v. to 180 amp. at 26 v. welding 
duty. This gives sufficient capacity for all 
types of jobs found <m most farms or job 
wdding shops. It will handle electrodes 
ranging from ‘/i«- to ‘/«rin. diameter. 

The "Fleet-Arc Jr.,” which simplifies 
welding and multiplies its utility for re¬ 
pair and fabricating jobs done by fanners 
and average mechanics, inaugurates a 
revolutionary development known as the 
"Arc Booster” which provides quick, 
easy arc starting. The instant the elec¬ 
trode touches the work, the welding cur¬ 
rent is given a boost of intensity for 
starting the arc. 

The current then reverts automatically 
to the amount set for the job. No high 
voltages or special high-frequency devices 
are used, the output voltage being limited 
to a maximum of 52 v. 

Either of the two degrees of arc boost¬ 
ing provided is selected by a snap switch, 
one for general work and the other lower 
amount for thin material such as auto¬ 
mobile fenders. 

Current control for the new "Fleet- 
Arc Jr.” is of the separate adjustable 
reactance type which b varied by turning a 
hand whed. Adjustment b continuous 
over entire welder range of from 20 to 180 
amp. 



New "Fleet-Arc Jr." Arc Welder Spedelly 
Designed for Farm and Shop Use 
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rom« Offk9. 511 GERMANTOWN TRUST CO. BLDG., RHILA. 44, PA. 
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Though you may first think of us os processors 

of ores and chemicals, a substantial percentage 
of our job is supplying alloys and mefo/sof guor- 

anteed analyses to industry. . . powdered to 
our standards or granulated a la carte to your specs. 
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Design and construction features of the 
new welder include: 

Wear-free and vibrationless reactor 
current antrol with self-cleaning chain 
drive. No taps or plugs to develop loose 
connections. 

Heavy copper winding with spun glass 
insulation and mica coil separators. Arc- 
welded steel frame and housing. 

"Fleet-Arc Jr.” weighs only 360 lb. and 
is, therefore, readily portable. 

Full infonnation can be obtained by 
addressing The Lincoln Electric Co., at 
Cleveland, Ohio. 


BUDDS NEW DOUBLE BEDROOM 

This is an entirely new design for a 
welded stainless steel railroad sleeping car 
accommodation—just announced by the 
Edward G. Budd Manufacturing Co. 



To satisfy passenger preferences as to 
position of beds, half of the rooms in these 
cars are arranged with 6 ft. 4 in. premade 
beds nmning across the car, the other half 
lengthwise with the car. One of the out¬ 
standing features is a fully enclosed 
toilet, lavoratory and shower bath, pro¬ 
viding privacy with apartment luxury 
and convenience 


CUTTING ELECTRODES 

A new bulletin on EUpro Cutting Elec¬ 
trodes, for underwater or surface cutting, 
has just been published by Ellwood Prod¬ 
ucts Corp. 

These highly efficient cutting electrodes 
were developed by Ellwood engineers and 
the U. S. Naval Experimental Station at 
Annapolis. With the end of the war, the 
possibilities for EUpro Cutting Electrodes 
in harbor clearance, salvage and certain 
construction operations can now be re¬ 
vealed. 

EUpro Cutting electrodes can be used 
with any portable welding set by simply 
adding a tank of oxygen. Their use 
underwater results in expert, speedy, safe, 
inexpensive cutting at depths up to 280 
ft. and more. 

For surface work, the electrodes have 
been fotmd extremely efficient for cutting 


cast iron and other materials. There is no 
need for preheating—the cutting action 
starts instantly in water or air by striking 
the arc. The cutting speed is usuaUy 
three times faster than possible by pre¬ 
vious conventional meth^s. No experi¬ 
ence is needed. 

The new bulletin on EUpro Cutting 
Electrodes gives complete details and 
specifications, together with a fuUy iUus- 
trated description on how to use the 
electrodes. The buUetin also describes 
the Palmgren Arc Oxygen Kit for under¬ 
water cutting, used with EUpro Cutting 
Electrodes. Copies of the buUetin are 
available through rh« publication or direct 
from EUwood Products Corp., EUwood 
City, Pa. 


PREPARATION OF PLATES FOR AUTO¬ 
MATIC WELDING 

SubstantiaUy reducing the time re¬ 
quired for side edging or trimming of 
plates preparatory to their being auto- 
maticaUy i^ded, an entirely new trimmer, 
the Thomas Plate Edging Machine, has 
been perfected by Thomas Machine 
Manufacturing Co., Pittsburgh, Pa. 

By simultaneously trimming both side 
edges in one pass, the plate is ready for 
automatic butt welding in a very amnll 
fraction of the time required by older 
conventional methods. 

The Thomas Plate Edger sheam the 
material rather than planes it. The 
shear cut, in addition to being more 
rapid, results in a tighter, more accurate 
joint between two plates than is obtained 
by any other production method, accord¬ 
ing to the manufacturer. Two major 
operational factors assure this result; 
First, the plate is held perfectly flat while 
under the shear blades. Thus mill wave, 
which is present in the majority of plates, 
is eliminated when the cut is made. Sec¬ 
ond, the plate is carried through the en¬ 
tire shearing cycle in the same relative 


position. This is accomplished by a 
combination of stop gages; extremely rigid 
holding of the work; and acctirate guiding 
methods in passing the plate through the 
machine. 

In consequence, finished plates are re¬ 
moved from the machine with edges 
parallel within extremely close tolerances, 
ideal for automatic welding. 

The Plate Edger may be operated by 
one man; and a high degree of skill is not 
necessary. In edging the larger and 
heavier plates, however, it is economical 
to utilize a helper for loading and tin- 
loading. Tool setup or change may be 
accomplished by the regulator operator 
with a wrench and a simple measuring 
tool. 

The Plate Edging Machine is manufac¬ 
tured in sizes and capacities to handle 
any size or thickness of plates used in 
automatic welding. A complete descrip¬ 
tion of the machine is contained in BuUe¬ 
tin 318 of Thomas Machine Manufactur¬ 
ing Co., which is now available. 


CARBON ELECTRODE HOLDER 

A complete new line of air-cooled Car¬ 
bon Electrode Holders for manual welding 
just been announced by Tweco Prod¬ 
ucts Co., Wichita 1, Kan. The line in¬ 
cludes four sizes—150-, 200-, 300- and 
500-amp. models. Positive "Hoi-Grip" 
design with ample length and ventilation 
are features of this new line. 

The average carbon arc welding job is 
done with either the 13Vt-oz. 150-amp. 
holder or the 20-oz. 200-amp. unit. These 
two units are furnished optionally with or 
without special "Quick-Attach" Whip 
Cables for short duraticHi jobs. The 300- 
and 500-amp. models are suitable for 
heavy welding, and cutting jobs. 

Form No. CH-100 describes fully these 
new holders, giving complete quantity 
price and parts information. Equipment 
is available for immediate delivery. 



A */<-In. Plate, 20 Ft. in Len^, Being Trimmed on the New Thomas Plato Edging 
Machine, Which SubstantiaUy Reduces Trimming Time 
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16 Spot Welds in One Operation 
300 Assemblies an Hour.. .with 



PHOTMUA^HY CQUITTUV QT WSbOtA 00* 


MALLORY Spot Welding Tips 


M ultiple spot welding speeds production of reinforced metal 
box ends, as this modem welder fastens two channels to a 
flat plate in one operation—and produces 300 assemblies an hour! 

Two channels are placed in a jig, with the flat steel plate on top. 
Hie jig then moves under a battery of 16 water>cooled Standai^ 
Mallory Spot Welding Tips, which fasten both channels to the plate 
simultaneously, eight welds per channel. With two jigs shuttling 
back and forth, assemblies are completed at the rate of one every 
12 seconds. 

Maximum production is assured by the use of standard spot weld¬ 
ing tips made of Mallory 3* Metal. These alloy tips avoid excess 
*'mushrooming”, joining thousands of steel parts with sound welds 
at a minimiini of down time for dressing. Both tips and holders are 
efficiently water cooled, to lengthen tip life and improve weld quality. 

MaUory provides a complete line of standard spot welding tips and 
water-cooled holders, in addition to manufacturing all special types 
of seam welding wheels, flash, butt and projection welding dies for 
specific applications. These electrodes are used for the resistance 
welding of metal products of carbon, alloy and stainless steels, 
plated metals and aluminum. 

Write today for free catalogs describing Mallory electrodes and 
holders. M^ory metallurgists and engineers will gladly help you 
with any specific resistance welding problem. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

*RafiilaraJtradtmark «/ P. JL MaUeryA Co^ Inc^for eoppmraUayt. 


Uteful Handbook — 

Complete maaual on resistance 
welding methods, machines and 
materials is the improved, re¬ 
vised and expanded Mallory Re¬ 
sistance Welding Data Book (3rd 
E^tion). Free to those using re¬ 
sistance welding, when requested 
on company letterhead. Price to 
students, libraries and educational 
institutions: $2.50 per copy, post¬ 
paid. Board covers, 8H x IP*, 
160 pages. 


In (A. United Kingdom, Mnd» and Sold ty 
MaDory MotoBnrgioii Prodneu, Ltd., London. 



Standard 

Resistance Welding Electrodes 


FLASH - BUTT-=-PR0JECTI0N 


1948 


ADVomsmo 


Digitized by i^ooQle 


1219 








ABSTRACTS OF CURRENT 
WELDING PATENTS 

Prepaxed by V. L. Oldham 

Prlated ooptoa of potmiti may bo obtainod for from 
tbo ComMlMfo&or of Patonto, Waablngtoa 2S, D. C. 


2,386,710— Apparatus for Wblwno 
(Resistance Welding); Henry Kershaw, 
Inventor; Belleville, N. J. 

The apparatus patented comprises elec¬ 
trodes which are insulated from each 
other and adapted to be connected to a 
source of welding current, as well as to 
engage the parts to be welded. Means, 
separate from the electrodes, are provided 
to press the parts to be welded toward the 
electrodes, and such means include a 
pneumatic cell to cause the pressure 
applied to follow through instantly with¬ 
out the loss of time due to inertia. 

2,886,947— Method and Apparatus for 
Rbsistancb Welding; David Sciaky, 
Inventor; Chicago, Ill. Assigned to 
Welding Research, Inc., Chicago, Ill. 
12 claims. 

An electric resistance welding method 
whereby a balanced load is drawn from a 
p<dyph^ alternating supply of con¬ 
ventional 60-cycIe current b disclosed in 
this patent. The method includes recti¬ 
fying 60 cycle cturent to direct current and 
applsdng impulses of such direct current 
intermittently to the primary winding of a 
welding tran^<Riner so that such impulses 
induce in the secmidary circuit oi the 
welding transf<Riner an alternating cur¬ 
rent having a frequency equal to that of 
the direct-current impulse. This in¬ 
duced current is used to flow through the 
workpiece so as to weld it. The method 
also comprises applying the d.-c. impulses 
to the primary of the welding transformer 
at a rate ranging from less than 1 to 20 per 
second so as to induce an alternating cur¬ 
rent in the secondary of a relatively low 
frequency. 

2,386,080— Electrode Holder; Ingvart 
J. Anderson, Inventor; Oakland, Calif. 
4 claims. 

This patent discloses an electrode holder 
including a tubular base element open at 
its upper and lower ends. A centrally dis¬ 
posed stem member is rigidly secured at its 
lower end within the base element with its 
upper portion projecting upwardly from 
and extending beyond the upper end of the 
tubular base, the stem member being 
spaced radially inwardly from the tubular 
base element throughout the length of its 
upper end section. A tubular cap element 
houses the upper portion of the stem mem- 
ber*and is adjustably secured to the base 
element. Then a bearing plug is arranged 
within the upper end of the cap element 
and is adapted to cooperate with the 
upper end of the stem member to clamp a 
welding rod therebetween when the 
tubular cap element is adjusted relative to 
the base element. Means also are pro¬ 
vided to secure an electric supply cable to 
the lower end of the tubular base element. 

2,386,261— Resistance Welding Ap¬ 
paratus; James H. Redmond, Sche¬ 


nectady, N. Y., Inventor. Assigned to 

G. E. Co. 

This patent covers resistance welding 
apparatus including a frame, cooperating 
work engaging electrodes mounted on the 
frame, and mechanical means on the 
frame for moving the electrodes toward 
and from each other and for applymg 
welding pressure through the electrodes 
to a work piece held therebetween. Of 
course, a welding circuit, passing through 
the electrodes, is provided. One of the 
electrodes is associated with a lever 
pivotally supported on the frame with its 
pressure arm connected for controlling the 
pressure applied to the work through the 
electrodes and with its force arm located 
adjacent and lengthwise of another part 
of the welding circuit in which it is length¬ 
wise connected through a current con¬ 
ductive joint having relatively movable 
parts. Thus, the electromagnetic field of 
repulsion between the said "other part” 
of the welding circuit and the force arm of 
the lever, upon current flow therethrough, 
moves the lever about its pivotal supp<nl 
in a direction to apply pressure to the 
work through the electrics. 

2,386,308— Electrode Holder; Honel 

A. Jacksmi, Detroit, Mich., Inventor. 

The patent discloses an arc-welding 
electrode holder comprising a head having 
a longitudinal opening therein, with one 
portion the opening being threaded and 
another polygonal cross section. A 
threaded handle shank has a screw fit in 
the threaded portion of the bore of the 
opening and an end adapted to project 
into the other portion of the bore while a 
slidable locking block is in the polygonal 
portion of the bore arranged to abut the 
handle shank and be moved outwardly 
of the polygonal portion of the bore when 
the handle shank is turned in the head. 
The locking block has a V groove in its 
outer end and also an oblique opening 
therethrough. Opposed openings formed 
in the head communicate with its longi¬ 
tudinal opening adjacent the V groove of 
the locking block and are arranged to co¬ 
operate therewith, and obliquely opposed 
openings formed in the head communicate 
with the longitudinal bore of the head ad¬ 
jacent the oblique opening in the locking 
block whereby an dectrode can be op¬ 
tionally locked in the V groove in the 
block and the first-mentioned set of open¬ 
ings, or in the oblique opening in the 
block and the set of obliqudy disposed 
openings upon turning the handle shank 
in the head to move the locking block out¬ 
wardly. 

2,386,399—Welding Electrode Holder; 

Hond A. Jackson, Detroit, Mich., In¬ 
ventor. 

In the holder for welding electrodes 
covered in this patent, jaws are adapted 


to grip an dectrode therebetween with a 
pivotal connection being provided be¬ 
tween the jaws in the form of a socket ex¬ 
tending inwardly from the outer face of 
one of the jaws and spaced l<xigitudinaUy 
from the outer end (rf the jaw but posi¬ 
tioned entirdy within the side faces of the 
jaw. An opening is formed in such jaw 
extending outwardly from the inner face 
of the jaw and communicating with the 
socket. A pivot member extends through 
the socket and opening and is secured to 
the other jaw between the side faces 
thereof but pivotally bears in the socket of 
the first jaw whereby the jaws can be 
swung al^t the pivotal connection to 
open the same for reception of an electrode. 
The pivot member extends substantially 
perpendicular to the axis of pivoting d the 
jaws. 

2,386,461—Weld Flash Trimming 

Machine; Emmett S. Ellis. Assigned 
to Kdsey-Hayes Whed Co., Detroit, 
Mich., Inventor. 

This patent protects a wdd flash trim¬ 
mer induding a cutter head, a cutter blade 
carried by the cutter head and movable 
along one side oi the work across its weld 
and a second cutter head having a second 
cutter blade carried thereby for movement 
almig the opposite side d the work across 
its wdd. Means on the first cutter head 
cooperate with the first-mentioned cutter 
blade to position the work predominantly 
with relation to that cutter head and 
blade. Means also are provided for mov¬ 
ing the second cutter he^ with relation to 
the first cutter head and toward the work, 
and further means on the second cutter 
head cooperate with it to position the work 
predominantly with rdation to the work. 
The trimmer is completed by means for 
moving the cutter heads to move the 
cutter blades across the wdd. 

2,386,666—^Welder’s Hood; Stanley H. 
Carlson Inventor. Assigned to Plex- 
Wdd Corp. 

An attactoent for a wdder’s hood is 
covered in the patent. The attachmmit 
comprises a housing for attachment to the 
inner side d the front wall of a hood and 
aligned window openings are famed 
therein. A dark gl^ pand is normally 
positiaied in registry with such window 
openings but a special mounting therefa 
enables it to be moved out of registry with 
the windows, when desired. 

2,387,067—Welding Apparatus; Her¬ 
bert P. Heath and Keith A. Western, 
Inventors. Assigned to Western Electric 
Co., Inc., New York, N. Y, 

This patent covers apparatus for butt 
welding rods a wires and indudes rela- 
tivdy fixed clamping jaws for clamping one 
wire in position to have another wire 
wdded to it. A set ctf relativdy movable 
jaws, fa damping the other rod a wire 
in alignment with the first-mentioned 
wire and supporting means fa the rela¬ 
tivdy movable jaws, so that they can be 
moved toward a away from the fixed 
jaws, are provided. Gage means, movable 
to a position between rods hdd by the 
jaws, are present in the apparatus to¬ 
gether with an adjustable abutment 
member on the gage means fa positioning 
the relativdy movable jaws with relation 
to the rdatively fixed jaws. 
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Discover how to lick welding jobs with this Lincoln 
Rod Kit. 79 sticks of electrodes for 17 different 
kinds of jobs in steel, alloys, cast iron and hard- 
facing. Procedure manual included. Only $1.50 
postpaid in U. S. Mail the coupon. 


THE LINCOLN ELECTRIC COMPANY 
Dept. P-1 • Cleveland 1, Ohio 


I-1 

THE LINCOLN ELECTRIC COMPANY 
Dept. P-1 • Cleveland 1, Ohio 

Send Rod Kit for $1.50. Q C.O.D. Q Bill me 

Name_ 


Company. 

Address_ 

City_ 


_State. 


C^me^ccah ^/ledteo/ natu'uiC recoujpjl 

ARC WELDIXG /- 
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LOOK, KIDO, how users of the new “Fleetweld 47” 
get uniform, high-quality welds for an extremely wide 
range of application: 


No compromise 

with "FLEETWELD 47” 

T his new Lincoln shielded arc electrode provides an ease of opera¬ 
tion never before equalled for all-purpose welding —in all positions 
. . . with A.C. or D.C. Especially suitable for fillets. 


“Fleetweld 47“ gives a bead of excellent appearance and good 
slag coverage with slag almost self-cleaning. Easy control of 
shape of bead in large fillets in all positions. 

Full details and procedure. Write for free proce¬ 
dure bulletin. 


3 DOTS .,.the sign oj 
genuine "Fleetweld” Flee- 
trode...the world's leader Jor 
SPEED ... QUAUTY ... LOW COST 
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2,387,112— Welding; William Ogle Ben- 
nette, Jr., Inventor. Assigned to Hamil¬ 
ton Watch Co., Lancaster, Pa. 

A welding apparatus for butt welding 
fine wire is disclosed. The apparatus in¬ 
cludes a base, a stationary vise secured to 
the base, and a movable vise pivotally 
mounted on the base. Each of the vises 
includes a stationary jaw and a movable 
jaw and cam means are provided to force 
the movable jaws against their respective 
stationary jaws although springs normally 
hold the movable jaws away from their 
associated stationary jaws. Each of the 
stationary jaws has a groove formed 
therein to receive the wire to be welded 
and a tongue on each of the movable jaws 
enters the groove in the stationary jaws 
to lock the wire therein in a desired posi¬ 
tion. The stationary vise and the mov¬ 
able vise are aligned so that at one posi¬ 
tion of the pivoted vise the grooves of the 
stationary jaws are in vertical alignment 
and a gage is provided to be removably 
positioned between the vises to receive, 
initially, the ends of the wire to position 
the wire ends in the grooves. A stop pin 
is carried on the stationary jaw of the 
stationary vise and is adapted to engage 
the stationary jaw of the pivoted vise to 
support the pivoted vise in groove align¬ 
ing position. The stop pin also limits 
movement of the movable vise towards 
the stationary vise during the welding 
operation. 

I 

2,387,169— Electrode Holder; Roy C. 
Morford, Manassas, V'a., Inventor. 

The electrode holder of the patent in¬ 


cludes an insulated handle, a tubular 
conductCM* disposed within the handle, and 
a plunger, having one beveled end, operat¬ 
ing within the tubular conductor. An 
open-ended bead is tiltably mounted on 
one end of the tubular conductor and the 
beveled end of the plunger extends there¬ 
into. The plunger is adapted to clamp an 
electrode between its beveled end and the 
head. The holder is completed by means 
for urging the plunger into the head. 

2,387,365 —System of Tubular Elec¬ 
trodes; E. Craig Thomson, Boston, 
Mass., Inventor. 

An electrode system for use in an elec¬ 
trical circuit is shown in the patent. The 
system includes a central rod-shaped 
conductor, two tubular conductors and 
means for mounting the tubular conductors 
coaxially around the central conductor. 
One of the tubular conductors is insulated 
from the central conductor while the 
other tubular conductor is conductively 
connected to the central conductor. 
Means for conductively connecting the 
central conductor and the first-named 
tubular conductor to an electric circuit 
whereby increasing distance at one side 
between the conductors, due to accidental 
misalignment, is compensated for by de¬ 
creasing distance at the other side. 

2,387,464-^Welding Electrode Holder; 
Charles A. Palmgren, Chicago, Ill., 
Inventor. 

This patent covers an electrode holder 
which has a body member with a trans¬ 
verse bore at one end for holding an elec¬ 
trode, and with an elongated longitudinal 


slot which merges with the transverse 
electrode bore. An electrode clamping 
jaw is provided in the slot and it is movable 
toward and from the electrode bore. The 
holder is completed by a rotary tubular 
sleeve member surrounding the slot and 
movable jaw and having internal threaded 
connection with the jaw for actuating it. 


Employment 
Service Bulletin 

SERVICES AVAILABLE 

A-509. 17 years practical experience in 

Arc and Oxy-Acetylene Welding and 
Burning. Shipyard, pipework, steel con¬ 
struction, maintenance of cement plant; 
dredge and earth-moving equipment. 
Considerable mechanical experience. Past 
4 years Foreman and Supervisor Shipyard 
Hull welding. Able to handle men and 
can show good production record. Age 37. 
References from all former employers. 
Go anywhere including foreign work. 

A-510. Welding Supervisor. Age 29, 
13 years’ experience as welding operator, 
supervisor and instructor. Experience in 
welding engineering, setting up arc weld¬ 
ing, oxyacetylene welding, silver brazing, 
and machine flame cutting operations for 
production. Also have done customer 
contact work and selling. Michigan 
vicinity desired—others seriously con¬ 
sidered. 


SECTION ACTIVITIES 


BOSTON 

About 125 members and guests attended 
the November 5th meeting held at the 
Engineers’ Club, Boston. William J. 
Conley, Consulting Engineer, The Lin¬ 
coln Electric Co., Cleveland, spoke on the 
subject “How Shielded Arc Welding 
Affects Design” and used two sound films, 
"The Magic Wand of Industry—Arc 
Welding” and "The Prevention and Con¬ 
trol of Distortion in Arc Welding” diuing 
his talk. An interesting discussion period 
followed Mr. Conley’s talk. 


CHATTANOOGA 

The October meeting was held on the 
5th at the Chattanooga Golf & Country 
Club. Frank E. Thompson, Jr., President 
of the Thompson Engineering Co., Grand 
Rapids, Mich., talked on "Underwater 
Cutting and Salvage Operations at Pearl 
Harbor.” 

Being a native of Honolulu and having 
been present there during the Jap sneak 
attack on Dec. 7, 1941, Mr. Thompson 
was well qualified to give a word picture 
of that historic day. He told much about 
the inhabitants, beauty, industry and 
government of the Hawaiian Islands be¬ 
fore Pearl Harbor Day, and how the sal¬ 


vage work was carried out under adverse 
conditions after the damage had been 
done. 

The sound and color motion picture 
"Railroading,” produced by the American 
Locomotive Co. and General Electric Co. 
was shown at this meeting. Thirty mem¬ 
bers and guests attended. 

A dinner preceded the meeting at which 
24 members and guests were present. 

The November meeting was held on the 
2nd at the Chattanooga Golf and Country 
Club. D. C. Smith, Metallurgist of the 
Electrode Division, Harnischfeger Corp., 
Milwaukee, Wis., spoke on "Electrode 
Coatings, Their Developments and Their 
Effect on Welding.” 

Mr. Smith’s talk, illustrated by slides, 
emphasized the chemical and physical 
differences in the various types of elec¬ 
trodes and he showed where each type 
had a definite place in the welding field. 
T\venty-eight members and guests were 
present. 

The meeting was preceded by a dinner 
at which 26 members and guests were 
present. 

CINCINNATI 

The monthly meeting of the Cincinnati 
Section was held on October 30th at the 
Herman Schneider Foundation. 


G. W. Bostwick, Electrical Engineer, 
and W. E. Klingeman, Chief Engineer, of 
the Precision Welding Machine Co., 
Cincinnati, Ohio, discussed the funda¬ 
mentals of resistance welding and the 
points to be considered in the selection of 
special or standard welding equipment. 
A discussion period was conducted after 
these talks and numerous questions were 
answered by Mr. Bostwick, Mr. Klinge- 
man and T. E. Jones, the president of the 
company. 

After the meeting a social hour w’as held 
and all present enjoyed the Dutch lunch 
which was served. 

CHICAGO 

The Twenty-Fifth Anniversary Dinner 
and Dance was held by the Chicago Sec¬ 
tion on October 11th at the Stevens Hotel. 
Grand Ball Room. Over 400 attended. 
The program consisted of opening re¬ 
marks by C. J. McGregor, toastmaster; 
address of welcome by C. G. Bassler: 
introduction of guests by C. J. McGregor; 
An Honor to the Founder by J. M. 
Jardine; introduction of Dr. Phillips 
Thomas by R. E. McFarland; Adwntures 
in Research by Dr. Phillips Thotnas. 
Songs by the International Harvester 
Octette; Dancing; Music by Irving 
Margraff and his Orchestra. 
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VNAMATIC miDING 


it’s time to change... 

You wouldn't think of using hard-on-the-eyes, bothersome, 
inefficient kerosene lamps in your plant . . . yet they are no 
more behind the times than many of the fabrication methods 
in use today, when compared with the modern Unamatic 
Arc Welding processes. 

Substantially lower costs, as a result of speeding up arc welding 
200-300% over the manual process, are one of today's most 
important advantages of Unamatic Welding. Lower materials 
cost and improved quality are other reasons why many plants 
are turning to this modern process as they gear up for in¬ 
creasingly sharp competition. Obviously, the time to adopt 
this modern process is during, not after, reconversion. 

Without obligation, we shall be glad to survey your plant to 
determine the advantages you may gain by employing the 
Unamatic processes. Write or wire for one of 
our field engineers to call.. .by appointment. 

UNA WELDING, INC. • 1615 
Avenue* Cleveland 10/Ohio 


UNAMATIC HEAD FOR 
"PROTECTED ARC" (light 
<oat»d wir« and lap»). 
Automatic Arc Welding, 


UNAMATIC HEAD 
FOR "OPEN ARC* 
(light coated 
wire) Automafic 
Arc Welding. 


Coliamer 


UNAMATIC HEAD 
FOR "CONCEALED 
ARC*fliglileoaled 
wire and granular 
flux) Automatic 
Arc Welding, 
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Copy of Mr. Bassler’s talk was published 
in the November issue of The Welding 
Journal. 

CLEVELAND 

The opening meeting held on October 
10th was very well attended, some 125 
people attending the dinner and more than 
400 heard the main speaker of the evening. 

As a coffee talker, Dr. W. P. Edmunds 
spoke on "Good Health in Middle Age." 
His talk was very spicy and very interest¬ 
ing. His background and varied career as 
a Major in the Infantry of the A.E.F. in 
World War I and Director of War Man¬ 
power in this area in World War II and 
manager of the Industrial Relations de¬ 
partment at Standard Oil Co. for a number 
of years gave him a background from which 
to speak on the subject he had chosen. 

The main speaker of the evening was 
David Dietz, science editor of the Scripps- 
Howard Newspapers, who talked on "llie 
Coming Era of Atomic Energy.” Mr. 
Dietz, with an international reputation 
as one of the world’s foremost popularizers 
of science, gave a most interesting and 
educational evening. He gave various 
comparisons as to the potentialities of 
atomic power in the operation of steam 
boilers, automobiles and other such items. 
Mr. Dietz also stressed the point that if 
not handled correctly in the world of 
international politics, the atom bomb 
would eventually wipe out all humanity. 
He stated, if we use the atom bomb to its 
best advantage, we will have a world of 
plenty such as we have never known. Mr. 
Dietz told of the book he has just com¬ 
pleted titled Atomic Energy and the 
Coming Era which was released for 
publication on October 20tb. He also 
discussed the atomic bomb that ended 
the war with Japan, the scientific re¬ 
searches that led up to it, and their mean¬ 
ing for the future of America and the 
world. 

With this fine and inspiring meeting, 
the Cleveland Section got off to a flying 
start and is looking forward not only to 
building up its membership, but to having 
entertaining meetings for the remainder 
of the season. 

"Distation in Welded Structures” 
was the subject of a very interesting meet¬ 
ing held November 14th by the Cleveland 
Section. 

G. Fitch Cady, welding supervisor for 
the Chicago Bridge and Iron Co. at 
Chicago, spoke on this subject and a 
sound-color motion picture, "The Pre¬ 
vention and Control of Distortion in Arc 
Welding," produced by The Lincoln 
Electric Co. in cooperation with Walt 
Disney Productions, was shown. 

Mr. Cady, a graduate of Rensselaer 
Polytechnic Institute and formerly with 
Chicago Bridge & Iron in their Green¬ 
ville, Pa., plant, gave an excellent talk, 
well illustrated with case histories of 
various problems of distortion and sug¬ 
gestions as to how they might be met. 

The motion picture shown presented in 
simplified, yet comprehensive form the 
many variables present in the problem of 
distCKtion, and reduced these variables to 
their simplest elements, outlining three 
main rules to follow in tackling any 
problem of distwtion. 
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Speaking at dinner was Common Pleas 
Jud^ Julius M. Kovachy on the subject, 
"Psychopaths, Who Are They?” Judge 
Kovachy, formerly a research chemist at 
Westinghouse and Grasselli Chemical 
Co., was former Chief City Prosecutor 
and has been Judge of the Municipal 
Court for 15 years, 

The educational program for the 1945- 
46 season was announced by Chairman 
Frank J. Maine, Republic Structural 
Iron Works. The first meeting was on 
November 5th when L. K. Stringhara, de- 
velopmentengineerfor The Lincoln Electric 
Co., spoke on "Fundamentals of Welding 
—Electrode Selection." Weekly meetings 
are planned through the months of Novem¬ 
ber, December, January and February, 
covering all phases of arc and gas welding 
and related welding problems. 

A special eight weeks' course devoted 
entirely to resistance welding has also 
been announced, covering spot welding, 
seam welding, projection welding, etc. 

The Cleveland Section of the Welding 
Society has also reserved a table every 
Monday noon at the Cleveland Engineer¬ 
ing Society where all members in the 
downtown area can meet informally for 
lunch once a week. 


COLUMBUS 

The November meeting held on the 
9th at the Southern Hotel was addressed 
by D. H. Corey of The Detroit Edison Co. 
Mr. Cwey spoke on “Welding Piping for 
Severe Service Conditions.” Mr. Corey’s 
address was very interesting and well 
received. 


DETROIT 

LaMotte Grover, Welding Engineer, 
Air Reduction Sales Co., addressed the 
Saginaw Valley Divbion at Frankenmuth 
on Thursday, October llth, and the 
Detroit Section at Detroit on Friday, 
October 12th. A special invitation was 
extended to memb^ of the American 
Society of Civil Engineers, the American 
Institute of Architects and the Associated 
Steel Fabricators of Detroit, to attend the 
Detroit meeting. 

In his address, Mr. Grover discussed 
tjrpical examples the utilization of weld¬ 
ing in the fabrication of ships, bridges and 
buildings. He mentioned some of the re¬ 
search projects, sponsored by Welding 
Research Council, the aim of which is to 
add to our understanding of the perform¬ 
ance of welded joints under load, and 
thereby enable us to design more 
effectively for welded fabrication. He 
emphasized the importance of the super¬ 
vision and inspection of the operations 
which precede actual welding. 

Considerable discussion followed both 
presentations, an evidence of the i.iterest in 
Mr. Grover’s subject. 


HARTFORD 

W. J. Conley, Consulting Engineer, 
The Lincoln Electric Co., spoke on "Arc- 
Welding. How It Affects the Design of 
Machines and Structures," at the Novem¬ 
ber 8th meeting of the Hartford Section. 
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There was no meeting in December. 
Heliarc welding will be presented by 
The Linde Air Products on January 17th. 

H. Hoaglund will speak on the Weld¬ 
ing of Aluminum at the February 21st 
meeting. 


INDIANA 

The October meeting was held on the 
26th at the Y.M.C.A., at Anderson. 

Following the dinner, two moving pic¬ 
tures were shown: "On the Wing” and 
"Washington—The Nation’s Capital.” 

A. M. Setapan, of Handy and Harman 
Co., New York City, gave an interesting 
talk on "Silver Brazing," 

This process was extensively used dur¬ 
ing the war and played a very important 
part in the production of the atomic bomb 
and the radio proximity fuse. Also, many 
parts formerly made from forgings and 
which required considerable machining 
were replaced by equivalent parts made 
by silver brazing together appropriate 
stampings, thereby conserving metal, 
reducing the cost and increasing produc¬ 
tion. 

Silver brazing also has a multitude of 
peacetime uses and offers a means of 
joining metal parts at lower cost, faster 
and with decreased rejections. 

Some fields in which silver brazing is 
being used to advantage are piping, 
marine, electric, automotive, railroad, 
refrigeration, air conditioning and miscel¬ 
laneous manufacturing. 

Mr. Setapan's talk was well illustrated 
with slides and proved to be very in¬ 
structive. 


LEHIGH VALLEY 

The regular monthly meeting of the 
Lehigh Valley Section was held on Mon¬ 
day. November 5th, at the Hotel Bethle¬ 
hem, Bethlehem, Pa. Chairman J. W. 
Kenworthy, Mack Manufacturing Ovp., 
was in charge of the meeting. 

Ox)racetylene pressure welding was dis¬ 
cussed by A. R. Lytle of the Union 
Carbide and Carbon Research Labora¬ 
tories. The speed with which weldments 
can be made without the use of filler metal 
was emphasized. This process has been 
used very successfully for the welding of 
rails, pipe and landing gears of planes. 

A dinner preceded the technical meet¬ 
ing and a colored sound movie "Black 
Jack,” showing the latest developments in 
zinc ore mining, was presented through 
the courtesy of the Ingersoll-Rand Co. 


LOUISIANA 

On October 29th the Louisiana Section 
entertained J. H. Deppeler, Chief Engi¬ 
neer of the Metal and Thermit Corp., at 
their regular monthly meeting. 

Mr. Deppeler gave a very excellent tait- 
before those assembled on "Thermit 
Welding and, Its Relation to Wwk in the 
Shipbuilding Field.” The attendance 
totted 38 and the quality of the attend¬ 
ance is best exemplified by the fact that 
Mr. Deppeler was called upon to answo 
innumerable questions. 
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HERB'S A POWERFUL SHORT CUT 
TO LOWER PRODUCTION COSTS 





Here’s Why Production Bosses Like Taylor-Winfieid 
Hydrauiicaliy Operated Welders 

• Ixtram* flVKiblltly of 0|»oratton U accomplUlMd by Taylor* 
Winfield’* hydraulic control ... no giM**work ... even an inaapari- 
ancad operator can turn out praciaion weld* every tima. 

a Mttor WoW Qualify due to Taylor-Winfield'* daaign ci horizon- 
tal fixture*... will produce a mere even heat through the work taction 
and closer work tolerance*. 

• Lowor Powor Cotta are a real short cut with Taylor-Winfield's 
efficient electrical circuit. 

a Fattor Oporotion . . . ease of loading and unloading . . . accessi¬ 
bility of controls . .. high speed clamping and undamping device*. 

a EatO of Oporotion . . . operator ha* choice of fully automatic, 
semi-automatic, or manual operation on a Taylor-Winfieid hydraulic 
flash-butt resistance welder. 


Here’s a high speeds major producdoti machine de- 
rned by Tay1or*Winiield for one purpose—to cut pro- 


signed by Tay 
duction costs. 


No other butt welding process offers such flexibility for 
welding different sizes and shapes of similar or dissimilar 
materials. Taylor-Winfieid has long been a leader in the 
manufacture of this type of welder. 

You can effect substantial saving both in machining 
and material by usin^ flash-butt resistance welding for 
joining t%ra or more simple forging or stampings to ob¬ 
tain a complicated assembly. 

Taylor-Winfield*s flash-butt welders are used for solid 
rounwt Hats, rectangular, tubular and other sections, 
structural shapes, stampings, forgings, irregular shapes 
and long joints. This method is particularly effective as 
a means for welding joints over a wide range of cross 
sections. 

Draw on Taylor-Winfield’s 40 years’ ex- 

K rience as a pioneer in resistance welding. 

elping you keep your production w<n up 
and your costs way down, is Taylor-win- 
field’s business. 


Taylor-Winfieid Corporation 


Ths Taylor-Winflsid Corporation 

Wairsfl, Ohio 

Send MS bulletin on Flash-butt welders 


Company. 
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LOUISVILLE 


Leon C. Bibber of the Canicgie-Illinois 
Steel Corp., was the featured speaker be¬ 
fore a packed crowd of welders, super- 
viscM^ and dealers at the installation meet¬ 
ing of the Louisville section of the Ameri¬ 
can Welding Society, held in the Junior 
Ball Room of the Seelbach Hotel, in 
Louisville, Tuesday night, October 23rd. 

Assisted by charts, never before shown 
to the public, Mr. Bibber broke the 
general term of pressure and nonpressure 
welding down into various classifications, 
lecturing in detail on each from the ancient 
form of "blacksmith” welding to the most 
modem type of scientific arc welding. 

Slides were shown in connection with 
the charts, illustrating the newest models 
in welding machines. 

The noted engineer urged his listeners 
to keep posted on the subject of welding, 
through which medium they will benefit 
most from this art. 

Preceding the guest speaker was the 
envied coffee speaker, Earl Ruby, new 
prize-winning sports writer for the Louis¬ 
ville Couri^-Journal, introduced by R. E. 
Fritsch, former President of Tube Turns, 
Inc. Ruby, in his humorous home-spun 
fashion, took the crowd through the trying 
hours of the Louisville Colonels, gave a 
preview the best coming football games 
and wound up with his experience on game 
hunting up east. 

Following the speaking program the 
newly elected officers of the Louisville 
Section were installed. Those who will 
pilot the organization through its third 
year of existence are E. H. Dilly of Tube 
Turns, Inc., Chairman, succeeding Theo¬ 
dore Lewk, former Superintendent of 
Oxy-Acetylene Welding at Jeffersonville 
Boat & Machine Co., remaining Secretary; 
W. W. Plinke, of Henry Vogt Machine 
Co., Vice-Chairman, and R. E. Morrison 
of Kentucky Metals Products Co., 
Trmsurer. 

The 1945-46 Board of Directors is; 
M. L. La}dield, American Bureau of 
Shipping; Wm. Dettmar, American Air 
Filter Co.; W. A. Mivelaz, Industrial 
Oxygen Co.; E. M. Murphy, Marine 
Electric Co.; H. C. Powers, American 
Air Filter Co.; Murray Davis, Jefferson¬ 
ville Boat & Machine Co. 

MILWAUKEE 

The Milwaukee Section met at the 
Ambassador Hotel on Friday, October 
26th. James B. Quigley, Welding Engi¬ 
neer of the Graver Tank & Mfg. Co. of 
East Chicago, Ind., gave a talk on the 
Control of Automatic Welding. This 
timely subject was discussed very well by 
Mr. Quigley and gave the members some 
stabilizing factors in the control of 
Automatic Welding for this postwar 
period. 

The series of five educational meetings 
was started on Tuesday, October 30tb, 
at the Marquette University building. 
L. C. Bibber of the Carncgie-Illinois Steel 
Corp. gave a very interesting talk on Weld¬ 
ing Processes and Symbols. 

NEW JERSEY 

The October meeting was held on the 
16th at the Essex Hou.se, Newark, X. J. 
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As usual, the "Information Please” 
Session followed the Dinner. George M. 
Deming of the Air Reduction Sales Co., 
Jersey City, N. J., presided as Chairman 
of thb Session. 

A film, "Action of the Seabees in the 
Pacific Operations,” was shown. 

Commander Kenneth C. Lovell (C.E.C.) 
U.S.N., Bureau of Yards & Docks, Navy 
Dept., Washington, D. C., talked on 
"Welding and Cutting by the Seabees.” 
Commander Lovell’s talk consisted of the 
work done by the Seabees during both the 
Atlantic and Pacific operations of World 
War II. 

The November meeting was held on the 
20th at the Essex House, Newark, N. J. 
C. R. Weston of the Weston Welding 
Works, Rochelle Park, N. J., presided as 
Chairman of the "Information Please” 
Session. 

A film, "Prevention and Control of 
Distortion in Arc Welding,” was shown 
through the courtesy of The Lincoln 
Electric Co., Cleveland, Ohio. 

Leon C. Bibber, Welding Engineer of 
the Camegie-Illinois Steel Corp., Pitts¬ 
burgh, Pa., spoke on the subject "The 
Various Welding Processes—Their Classi¬ 
fication and Relations to Each Other.” 
Mr. Bibber's talk was given from the new 
master chart of the welding processes. 
This chart is being prepared in connection 
with the Definitions and Chart Com¬ 
mittee of the A.W.S. 

NORTHWEST 

Fitch Cady, of the Chicago Bridge and 
Iron Co., Chicago, was the guest speaker 
at the November 7th meeting held in the 
Men’s Lounge, Coffman Memorial Union, 
University of Minnesota. Mr. Cady's 
subject "Distortion in Welded Structures” 
was of decided interest to all. 

Jack E. Williams of The Linde Air 
Products Co., Minneapolis, has been 
named Chairman of the Minneapolis 
Membership Committee of the Northwest 
Section for the current year. 

NORTHWESTERN PENNSYLVANIA 

The first open meeting of the North¬ 
western Pennsylvania Section was held on 
October 16th at the Academy High School 
Auditorium, Erie, Pa. There was an en¬ 
thusiastic audience of 350 to 400 people to 
listen to a talk by James F. Lincoln, presi¬ 
dent of The Lincoln Electric Co. on "The 
Value of Incentives in Private Enterprise.” 

OKLAHOMA CITY 

The November 8th meeting held at the 
Biltmore Hotel, Oklahoma City, Okla., 
was addressed by Aviation Metalsmith 
M. L. Gordon, Supervisor, Aviation Weld¬ 
ing at the Naval Air Technical Training 
Center, Norman, Okla., who spoke on 
"Welding in Naval Aviation." A large 
display of welded aircraft parts were 
shown. 

PHILADELPHIA 

The Philadelphia Section is holding a 
series of eight group discussion meetings 
designed to serve those with special 
interests. These meetings are separate 
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from the Section’s regular monthly meet¬ 
ings held on the 3rd Monday of each 
month. 

The first special meeting was held on 
October 5th under the direction of 
Arthur J. Raymo, Welding Engineer of 
Baldwin Locomotive Works and the sub¬ 
ject was "Considerations in the Selection 
of Welding Equipment.” 

The November and December meetings 
were both held on the 2nd of the month; 
the January meeting will be held on the 
4th; the February meeting on the 1st; 
the March meeting on the 1st: the April 
meeting on the 5th and the May meet¬ 
ing on the 3rd. 

A. C. Weigel, Vice-President of the 
Combustion Engineering Co. and past- 
president of the Society, spoke on "Tlie 
Present and Future of Welding” at the 
regular monthly meeting held on October 
15th. 

Professor Wendell F. Hess of Rens¬ 
selaer Polytechnic Institute, and Presi¬ 
dent of the Society, spoke on the subject 
"Application of Metallurgical Principles to 
Welding” at the November 19th meeting. 

PITTSBURGH 

The 25th Anniversary Meeting of the 
Pittsburgh Section, scheduled for Wednes¬ 
day Night, November 21, 1945, was post¬ 
poned because of that date being the night 
before Thanksgiving Day, and inconven¬ 
ient for out-of-town quests, and many 
others to attend. The new date will be 
selected, possibly in conjunction with the 
Tri-State Conference, April 26, 1946. 
Definite information will be available later. 

The November meeting held on the 28th 
was addressed by J. H. Deppeler, Chief 
Engineer, Metal & Thermit Corp., New 
York, N. Y., who spoke on "Thermit 
Welding.” 


PORTLAND 

The fifth meeting <rf the Portland Sec¬ 
tion was held in the Congress Hotel on 
Wednesday, October 17th. Twelve mem¬ 
bers and guests attended the dinner and 
meeting. 

George L. Dehn of the Magnaflu.x 
Corp. gave an illustrated talk on the 
characteristics of the process in using both 
alternating and direct current with both 
the wet and dry powder process. He 
showed the many applications of the 
process and because of the general inter¬ 
est, the talk developed into a question- 
and-answer period. 

Leon Prior, Magnaflux supervisor for 
the Union Pacific explained how magna- 
fluxing is being used by the Union Pacific 
Railroad in anticipating and preventing 
breakdowns. 


PUGET SOUND 

E. R. LaVelle, R. R. Miles, G. C. HaUa- 
day of the Welding Dept, of the Puget 
Sound Navy Yard, Bremerton, Wash, 
presented a panel discussion of actual 
welding problems and situations en¬ 
countered in their work at the Navy Yard, 
at the October 23rd meeting held at the 
Engineers' Club. 
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ffllCAGO BRIDGE & IRON COMPANY 




2455 McCormick Bldft. 
> 398 —165 Broadway Bldfi. 
2282 Guildhall Bldft. 
.. Edlficlo Abreu 402 


Blrmlnftham 1 .1507 North 50th Street 

Tulsa 3 .1654 Hunt Bldft. 

Atlanta 3.Healey Bldft. 

Houston 1 .- 5624 Clinton Drive 


Washington 4.703 Atlantic Bldft. 

Philadelphia 3. 1668-1700 Walnut Street 

Los Aitfteles 14.1471 Wm. Fox BldH. 

San Francisco 11.1297-22 Battery Street Bldft. 


Fabricating plants in CHICAdO, BIRMINGHAM; and GREENVILLE, PA. 
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ROCHESTER 


The first meeting of the 1945-46 season, 
Cimirman Walter Dick of the Odenbach 
Shipbuilding Corp. presiding, was held at 
the University of Rochester with 40 mem¬ 
bers in attendance. A 15-minute question- 
and-answer period under the leadership of 
one of the Section members was in¬ 
augurated at this meeting. This part of 
the program was conducted by Larry 
Smith of The Lincoln Electric Co. He 
passed along some pertinent advice on 
weldability and answered questions rela¬ 
tive to this subject. It is hoped that this 
informal period will stimulate interest in 
meetings and encourage participation in 
the discussion period following the feature 
speaker’s presentation. 

The second item on the program was the 
showing of the Lincoln Electric Co.’s film 
on Prevention of Distortion—a very good 
educational presentation of the subject. 

As the feature of the evening, Ralph S. 
Pelton of the Genend Electric Co. at 
Schenectady spoke on the Application of 
Different Heating Methods of Brazing. 
His talk was highlighted by many slides 
illustrating practical applications of the 
various heating methods to specific 
fabricating problems. 

The following new members were intro¬ 
duced to the Section: Edward Kobus, 
Delco Appliance Co.; Walter Glover, 
Odenbach Shipbuilding Corp.; Charles 
Lacy, Odenbach Shipbuilding Corp.; 
Albert Keller, Odenl^ch Shipbuilding 
Corp. 

The November 1st meeting was held in 
Lower Strong Auditorium, University of 
Rochester, following a dinner at the 
Powers Hotel. 

T. B. Jefferson, editor of The Welding 
Engineer, gave a very interesting talk on 
"Present-Day Welding Possibilities." He 
painted a favorable picture for the use of 
metals, and of course, welding, for the 
future. 

Robert Cattanach, of the American 
Laundry Machine Co., Rochester plant, 
gave a short talk on the numerous pr<^ucts 
his ccmipany manufactiires. He also spoke 
about the metals and welding processes 
used in their construction. Mr. Cat¬ 
tanach is Past Chairman of the Rochester 
Section. 

Also on the program was a movie en¬ 
titled "The Story of Arc Welding.” 

Seven new members were welcomed at 
this time. 


SAINT LOUIS 

The St. Louis Section held its first 
regular meeting of the 1945-46 season at 
the Engfineers’ Club Auditorium on 
October 12th. 

Approximately 60 members and guests 
were present. Walter Brooking discussed 
the Economics of the Arc Welding Process. 
The meeting was presided over by Gayden 
Derickson, our vice-chairman, and the 
guest speaker was introduced by A. W. 
Harris. Mr. Derickson’s opening remarks, 
inaugurating the coming season, included 
the Section’s feeling of deep loss at the 
death of Stu Evans, our past-chairman. 
We all felt that our Section enjoyed one of 
the most successful years under Stu’s 
effective leadership. 


Mr. Brooking’s discussion was preceded 
by a film covering the operations and 
applications of welding equipment made by 
L. G. LeTowneau, Inc. The film served as 
an interesting and fitting background for 
his ensuing remarks. 

SAN FRANCISCO 

The October meeti.ig of the American* 
Welding Society, San Francisco Section, 
was held at the Engineers’ Club, San 
Francisco, Calif., on Monday, October 
22Dd, Chairman Leo Berner presiding. 

There were 43 members and guests in 
attendance. 

The coffee talk presented by K. V. Ring, 
Material Engineer of the Standard Oil Co. 
of California, and director at large of the 
American Welding Society was as in¬ 
formative as it was interesting. Mr. King 
•described the beginning of the American 
Welding Society, and traced its growth 
through two World Wars, up to the 
present date. 

The technical talk for this meeting was 
presented by H. O. Westendarp, Electric 
Welding Engineer for the General Electric 
Co. of Schenectady, N. Y., speaking on 
the new American Welding Society 
specifications for arc welding electrodes. 
Mr. Westendarp’s very interesting talk 
was well received, and to many his dis¬ 
course on the meaning of A.W.S. Classi¬ 
fication was a revelation. 

The meeting adjourned at 9:30 P.M. 
After the meeting the sound motion pic¬ 
ture entitled, "Electronic Control of 
Resistance Welding," was shown. 

SOUTH TEXAS 

The South Texas Section announces the 
election of the following officers and com¬ 
mutes for 1945-46: Chairman, Walter E. 
Klauberg; Vice-Chairman, C. G. Alhart; 
Secretary-Treas., A. E. Wisler. Directors 
to serve 2 years: Roy E. Hall, S. F. Mc¬ 
Donald, C. C. Goolsbee, G. L. Wiley, 
L. D. Sugg, Gil V. Dye. Directors serving. 

1 year: Harry Smith, G. C. Steffen, 
Walter Tofte, W. T. Hudson, L. H. 
Courtright, M. P. Hare. Committee 
Chairmen: Program, L. H. Courtright; 
Entertainment, Lloyd Daigle; Membership. 
Gil V. Dye; Technical, G. L. Wiley. 

TIDEWATER 

The first meeting for the current year of 
the Tidewater Section was held on October 
9th in the Fleet Reserve Hall, Portsmouth, 
Va. J. A. Duma, Metallurgist, Norfolk 
Navy Yard, was the principal speaker, on 
the subject, "Welding Metallurgy,” which 
he illustrated by use of the bla^board. 
Approximately 30 members were present, 
and the lecture was enjoyed by all. 

WASHINGTON 

The Washington Section held its first 
regular meeting of the 1945-46 season on 
Tuesday, October 30th, at the Pepco 
Auditorium. The speaker of the evening, 
George N. Sieger, Vice-President of the 
A.W.S., developed his topic "Resistance 
Welding in Theory and Practice” with con¬ 
siderable force. 

A large audience received Mr. Sieger’s 
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vigorous and sometimes acid, although 
always good natured, presentation with 
enthusiasm and participated actively both 
during the talk and in later discussion. 

Refreshments were served after the 
meeting. 

Meetings scheduled fw the first part of 
1946 are as follows: 

Jan. 29—"Welding in the Steel 
Foundry.” Charles W. Briggs, Tech¬ 
nical and Research Director, Steel 
Founders Society of America, Cleve¬ 
land, Ohio. 

Feb. 26—"Welding of High Pressure 
Piping,” Donald H. Corey, Welding 
Engineer, Detroit Edison Co., Detroit, 
Mich. 

March 26—"Welding of Copper and 
Copper-Base Alloys,” F. Emery Gar- 
riott. Development Manager, Ampco 
Metal Co., Milwaukee Wis. 

April 30—"Submerged Arc Welding,” 
James F, Lincifin, President, The 
Lincoln Electric Co., Cleveland. Ohio. 

WESTERN MASSACHUSETTS 

The second meeting of the Western 
Massachusetts Section was held at the 
Springfield Trade School on October 22nd. 
R. W. Gamache, Chairman, presiding. • 

The speaker of the evening was Frank 
Curtis, Consulting Engineer for the In¬ 
duction Heating Corpn. Mr. Curtis is 
the author of the book High Frequency 
Induction Heating published by the Mc¬ 
Graw-Hill Publishing Co. Mr. Curtis 
gave a very interesting and educatitmal 
talk on high-frequency induction heating 
for hardening and brazing. He also 
showed many stereopticmi slides and a 
moving picture on induction brazing. 

The meeting was attended by over 100 
members and guests. 

WESTERN MICHIGAN 

At the regular meeting held on October 
29th, 33 members and guests attended the 
dinner and 36 attended the meeting. 
Charles Dodge, Research Engineer, sub¬ 
stituted for Forbes Hurcomb, Asst. 
General Manager, Sciaky Bros., Chicago. 
Ill. gave an extremely interesting talk on 
Spot Welding of Scaly and Rusty Steel. 
His talk lasted only 30 minutes, but an 
additional 45 minutes were consumed to 
answer the many questions asked. 


NEW INDUSTRIAL CATALOG 
PUBLISHED 

The Industrial Buyers’ Bulletin for 
November, listing equipment ordinarily 
difficult to obtain but which is in stock 
for prompt delivery has.just been pub¬ 
lished by Precision Equipment Co., In¬ 
dustrial Equipment Distributors at 32 N. 
State Street in Chicago. The volume is 
designed to acquaint industrials with 
various types of equipment available for 
improving production, inspection and re¬ 
search facilities. 

This bulletin is offered free of charge to 
engineers, purchasing agents, and to othtf 
industrial executives. 
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Bronze Repair Welding 
becomes increasingly important 


With replacements taking weeks or 
months, Bronze repair welding is being 
used on an ever-increasing scale for re¬ 
claiming broken, fractured or worn 
equipment. 

Bronze welding is not new. For years 
this method of low-temperature repair 
welding has been used by many shops 
to salvage costly machine tools, produc¬ 


tion parts and equipment, and for build¬ 
ing up worn surfaces. 

Almost any part made of cast iron, 
steel, malleable iron or copper alloys 
can be Bronze welded quickly, depend¬ 
ably, and at a fraction of the cost of new 
replacement parts. For detailed infor¬ 
mation on Anaconda Bronze Welding 
Rods, write for Publication B-13. 


THE AMERICAN BRASS COMPANY—General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company • In Canada; Anaconda American Brass Ltd., New Toronto, Ont. 
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Technical Committee Activities 

By H. O. Hill, Chairman Technical 
Activities Committee 


INTRODUCTION 

While the activities of the Society’s 
technical committees have been directed 
primarily toward matters of aid to the 
war effort, the Technical Activities Com¬ 
mittee, in anticipation of the needs to be 
met in the postwar period, has also given 
consideration to several matters of a more 
permanent nature. 

The needs of the war effort have been 
met through cooperation with govern¬ 
ment agencies and assistance to industry 
as required; the needs of industry in the 
postwar period have been anticipated by 
the organization of several new commit¬ 
tees, and the institution of new projects 
with existing technical committees. 

ADMINISTRATION OF TECHNICAL 
ACTIVITIES 

Recognizing that the promulgation of 
standards prepared by the technical com¬ 
mittees was an important step in advanc¬ 
ing their use, consideration was given to 
means by which the standards of the 
SoasTY could better be brought to the 
attention of the membership-at-large 
and to others interested in the applica¬ 
tions of welding. To this end, two actions 
were undertaken. A display of an or¬ 
ganizational chart w'as prepared on which 
the technical committees of the Society 
and the publications prepared by them 
were arranged. This was set up near the 
registration desk at the Annual Meeting 
of the Society and was received with 
considerable interest. Consideration was 
also given to publicizing new codes 
through the local Sections. It was de¬ 
cided that releases on these codes be 
prepared for distribution to Section Of¬ 
ficers with the request that a portion of 
local section meetings be devoted to 
bringing these matters to the attention 
of their members. Plans are under way 
now for carrying out this activity during 
the forthcoming year. 

The functioning of the Technical Ac¬ 
tivities Committee was the subject of con¬ 
sideration on two occasions and as a re¬ 
sult two actions were taken. At a meet¬ 
ing of the Committee on December 14. 
1944, a change in name from Committee 
on Outline of Work to Technical Activi¬ 
ties Committee was adopted. On the 
basis of satisfactory experience during a 
trial period of one year, an Executive 
Subcommittee was appointed on Sep¬ 
tember 14, 1944, to act for the Technical 
Activities Committee in guiding the tech¬ 
nical committee activities of the Society 
in the periods between regular meetings 
of the Committee. 

The personnel of several committees 
were revised to be more representative of 
those interested in their work, and a 
revision to the Rules to Govern Organiza¬ 
tion, Functions and Operations of Tech¬ 


nical Committees was adopted to provide 
more readily foe the reorganization of a 
technical committee where such action 
was deemed necessary. 


NEW ACTIVITIES 

Appointment of j4.W^.5. Automotive Weld’ 

ing Committee 

Recognizing the increased interest and 
application of welding by the automotive 
industry, an investigating committee 
was appointed on September 14, 1944, to 
present suitable scope and personnel of 
an American Welding Society Auto¬ 
motive Welding Committee. Acting fa¬ 
vorably on the recommendation submitted, 
the Technical Activities Committee ap¬ 
proved organization of this new commit¬ 
tee on December 14, 1944. Final ap¬ 
proval of the Board of Directors was ob¬ 
tained on the following day. and the 
Committee has already begun to function. 

Appointment of A.W.S. Committee on 

Brazing 

As a result of comprehensive investiga¬ 
tion, the Technical Activities Committee 
decided that a definite need existed for a 
technieal committee on Brazing. Ac¬ 
cordingly on September 14, 1944, action 
was taken to formulate suitable scope and 
personnel of an American Welding 
Society Committee on Brazing. These 
were submitted for consideration of the 
Technical Activities Committee on De¬ 
cember 14, 1944, and were approved at 
that time. Final approval of the Board of 
Directors was obtained on the following 
day and the committee has already begun 
to function. 

Appointment of A.W.S. Railroad Welding 

Committee 

In order to determine the need for a 
technical committee on welding matters 
in the railroad industry, comprehensive 
investigation was pursued by an investi¬ 
gating committee in consultation with 
railroad engineers. In view of the wide¬ 
spread agreement that such a committee 
could serve a very desirable purpose, suit¬ 
able scope and personnel of an American 
Welding Society Railroad Welding Com¬ 
mittee were submitted to the Technical 
Activities Committee on June 11, 1945, 
and were approved at that time. Final 
approval of the Board of Directors was 
obtained on June 28, 1945, and the Com¬ 
mittee will begin to function soon. 

Cooperation with Other Societies 

Two representatives on committees of 
other Societies were appointed during the 
past year: 

Mr. C. E. Loos was appointed to repre¬ 
sent the SoasTY on SulKommittee II of 


A.S.T.M. Committee A-1, Structural 
Steel for Bridges and Buildings. 

Mr. J. M. Diebold, Chairman, A.W.S. 
Automotive Welding Committee, was ap¬ 
pointed to represent the Society on Sub¬ 
committee on Repair of Defective Auto¬ 
motive Malleable Castings and Sub¬ 
committee on Repair of Defective Auto¬ 
motive Steel Castings of the S.A.E. 
War Engineering Board’s Iron and Steel 
Committee. 

Cooperation with Government Agencies 

At the request of the U. S. Army Ord¬ 
nance Department two drafts of specifica¬ 
tions prepared by that agency were sub¬ 
mitted to the members of A.W.S. tech¬ 
nical committees for comments and 
suggestions for revision. Proposed Specifi¬ 
cation, "Welding of Constructional Steel; 
Electric-Arc, for Marine Vessels," was 
submitted to members of the Committee 
on Welding in Marine Construction. Pro¬ 
posed Specification, "Electrodes, Weld¬ 
ing; Covered (Austenitic) (for Welding of 
Corrosion-Resistant Steel),” was sub¬ 
mitted to members of the Subcommittee 
on High-Alloy Steel Filler Metal of the 
Committee on Filler Metal. 

At the request of the U. S. Army Trans¬ 
portation Corps, copies of the Proposed 
Specification, "Railway Equipment, Limi¬ 
tations and Requirements,” were sub¬ 
mitted to members of the Railroad Weld¬ 
ing Committee, and their comments for¬ 
warded for consideration of the Transpor¬ 
tation Corps. 

On numerous occasions the , Smaller 
War Plants Corporation, organized by the 
U. S. Government to assist the smaller 
plants engaged in war production, has 
called upon the Society for assistance 
in welding matters, and cooperation to 
the fullest extent possible was rendered in 
each instance. 


CODES, STANDARDS AND REPORTS 
Codes and Standards 

The following new standards were ap¬ 
proved during the past year: 

A standard method for conducting tbe 
Tee-Bend Test, used as a criterion of 
comparative weldability, was approved 
and included in the Standard Methods 
for Mechanical Testing of Welds bulletin. 

A.W.S.-A.W.W.A. Specifications for 
Field Welding of Steel Water Pipe Joints. 

The following standards were revised 
and reissued during the past year: 

Tentative Specifications for Iron and 
Steel Arc-Welding Electrodes, A233-4oT. 
This revision abo includes the “Guide 
to the Classification of Iron and Ste^ 
Arc-Welding Electrodes," prepared to 
assist potential users of these electrodes 
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THIS YCAR the continuous march 
of SMITHway welding research 
-toward a combination of high strength, high 
ductility, and utmost dependability— makes possi¬ 
ble the mass production of welded landing gears 
for heavy aircraft such as the B-17, B-24, C-47, 
and B-29i using types of steels not previously 
welded in production. 


23 YEARS AGO A. O. Smith's unending research 
to improve weld quality, uniformity, and tensile 
strength produced the now standard process of 
applying heavy coatings to electrode wire by ex¬ 
trusion. Weld porosity was virtually eliminated, 
and SMITHway welds developed tensile strengths 
substantially greater than the parent metal. 


SMITHwoy 

Certified 

WELDING 


A.O.V 


l\ilTH Corporation 


In its own plants, on parts and products of every size and 
shape, large and small, A. O. Smith uses more than 320,000 
SMITHway Electrodes every day. Millions more are used 
in the plants of other manufacturers. 


And while constant production proves their quality and 
uniformity, constant research in A. O. Smith laboratories 
seeks to improve still further the electrodes that are made 
by welders /or welders. 

For detailed specifications on SMITHway Certified Elec¬ 
trodes and their application to specific welding jobs, send 
for the SMITHway Welding Catalog. 

Mild Steel...High Tensile...Stainless Steel 
WELDING ELECTRODES 

made by welders ... for welders 


3 New Models 


SMITHway 
A. C. Welders 


Expanded co include three 
newmodels.che SMITHway 
line of A. C. Welders— 
ready for delivery soon— 
now includes models for 
150-, 200-,and 290-ampere 
capacity, in addition to the 
300-, 400-, and 900-ampere 
Heavy-Duty Models. Write 
forspecificationsandprices. 


ELECTRODES 
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in determining the classification of elec¬ 
trodes best suited for their needs. 

Code of Minimum Requirements for 
Instruction of Welding Of^rators: Part 
A—Arc Welding of Steel ‘/u to ‘A-In. 
Thick. This standard has been revised 
and elevated to the status of a full stand¬ 
ard of the SoaETY. 

The following standards are presently 
receiving consideration of the technical 
committees and are expected to be avail¬ 
able before the close of the present year: 

Tentative Specifications for Gas-Weld¬ 
ing Rods for Wrought Aluminum and 
Aluminum-Alloys. 

Tentative Recommended Practices for 
Resistance Welding. This standard will 
comprise a group of reccnnmended prac¬ 
tices covering the spot and seam welding 
of low-carbon, stainless and low-alloy 
steels and nickel and nickel-alloys; projec¬ 
tion welding of low-carbon and stainless 
steels; flash welding of medium forging 
strength steels; methods of testing re¬ 
sistance welds. 

The Emergency Standard "Ordnance 
Inspection Handbook for Manual Metal- 
Arc Welding," prepared in 1944 and sub¬ 
mitted to the U. S. Array Ordnance De¬ 
partment for publication and distribution 
among its personnel, is to be issued shortly 
by the Society and made available to 
industry. 

Reports 

The Society has been active in the 
preparation of the American War Stand¬ 
ards on resistance welding equipment. 
A special subcommittee appoint^ by the 
A.W.S. Resistance Welding Committee 
undertook the preparation of the standard 
pertaining to resistance welding elec¬ 
trodes and electrode holders titled: 
American War Standard C52.3-1946, 
"Straight and Offset Resistance-Welding 
Electrodes and Electrode Holders.” This 
standard together with two others cover¬ 
ing resistance-welding machines, and con¬ 
trols for resistance welding machines have 
been submitted to members of Sectional 
Committee C-52, Electric Welding Ap¬ 
paratus, of which the Society is sponsor 
body, for review and comment preparatory 
to issuance of American Standards to 
supersede the above American War Stand¬ 
ards. 

To provide in a similar manner for the 
American War Standard, "Safety in Elec¬ 
tric and Gas Welding and Cutting," the 
Society has recommended to A.S.A. the 
organization of a sectional committee on 
Safety in Welding and has offered to serve 
as sponsor body should all interested 
parties so desire. 

CONCLUSION 

The Technical Activities Committee 
sincerely believes that it has been success¬ 
ful through the accomplishments of the 
past year in realizing further progress 
in the activities of the technical commit¬ 
tees of the Society. It is hoped that this 
report will serve to substantiate this 
belief. Due acknowledgment is made to 
all who have served to make these ac¬ 
complishments possible. 

Where further information on a par¬ 
ticular activity is desired, it is suggested 
that the report oS the technical committee 


concerned be consulted. The individual 
reports of the technical committees 
which follow will also show the work now 
in progress. 

In passing to a new year in the Society’s 
activities, it is resolved that the Technical 
Activities Committee, and through it all 
of the technical committees of the So- 
obty, will continue to render service to 
the technical needs of the nation’s indus¬ 
try in keeping with the American Weld¬ 
ing Society’s position as the authorita¬ 
tive source of information on the sound 
application of welding. 


REPORTS OF INDIVIDUAL 
TECHNICAL COMMITTEES 

Automotive Welding Committee {J. M. 

Diebold, Chairman) 

The first general meeting of the Com¬ 
mittee was held on March 14, 1945, at 
which J. M. Diebold was elected Chair¬ 
man; C. D. Evans, Vice-Chairman; and 

S. A. Greenberg, Secretary. Preliminary 
reports were made by the Subcommittee 
Chairmen already active, and the status 
of the Subcommittee activities are as 
follows: 

1. Automotive Flash Welding {L. W. 

Boelter, Chairman) 

The preliminary report, which was pre¬ 
sented at the general meeting, has been 
reworked and has just been mailed to the 
membership for final approval before its 
submission to the Technical Activities 
Committee. 

2. Automotive Automatk Welding {J. J. 

Chyle, Chairman) 

Preliminary outline of a survey on 
automatic welding was presented to the 
general meeting of the Committee and ap¬ 
proved. Work is progressing and a more 
comprehensive report is to be presented 
to the next general meeting. 

3. Automotive Welding Power Supply 

{J. V. Emery, Chairman) 

The chairman of this subcommittee 
was appointed at the general meeting and 
some work has been done on this subject 
already. 

4. Factors Affecting Mild Steel Spot 

Welding (C. D. Evans, Chairman) 

Preliminary report on this subject 
was given at the general meeting and dis¬ 
cussed with much interest. Samples of 
steels with poor spot weldability are be¬ 
ing collected, and Dr. W. F. Hess of 
R.P.I. has already made some informal 
investigations. 

A progress report is anticipated at the 
next general meeting, but as this is a 
rather involved subject, it will probably 
take some time to complete. 

5. Cast and Malleable Iron Welding 

{H. R. Sparks, Chairman) 

A preliminary report was submitted by 
the subcommittee chairman reviewing 
the work already done by S.A.E. War 
Engineering Board. The Main Com¬ 
mittee Chairman has served on both of 
the S.A.E. War Engineering Board com¬ 
mittees as A.W.S. representative. 


6. Spot Welding Strength Standards (J. 

M. Diebedd, Chairman) 

Preliminary repm^ was given at the 
last committee meeting and considerable 
work has been done since that time toward 
establishing a set of spot weld strength 
standards suitable for minimum accept¬ 
able values in shop production. It is 
hoped to have data completed of 20,18,16 
gage at the next meeting. 

7. A rc Welding Electrode Standards 

Preliminary report was submitted by 

the General Chairman as to A.W.S. activi¬ 
ties on this subject for the year. It was 
agreed to accept these standards as is 
with the addition of the E-6013 usability 
test as developed by General Motors. 

Society of Automotive Engineers has 
appointed a committee to include join¬ 
ing materials in their new handbook. 
Two members of the A.W.S. Automotive 
Committee will serve on this committee 
which has tentatively agreed to use the 
A.W.S.-A.S.T.M. standards for their ma¬ 
terial. 

8. Spot Weld Tip Standards (W. E. 

Smith, Chairman) 

The Committee has just been surveyed 
as to their feeling on the difficulties with 
the present Morse' taper tip standards, 
and the report is expected at the next 
meeting. 

9. Spot Welding of Coaled Steel (C. R. 

Gibbons, Chairman) 

A great deal of interest was expressed 
at the general meeting on this subject, 
at which time a subcommittee was ap¬ 
pointed. Information has been slow 
coming to the subcommittee on this sub¬ 
ject although considerable test work has 
been done in the organizations repre¬ 
sented by this committee. 

In addition to the above activities, 
representatives were appointed to the 
following A.W.S. committees for co¬ 
ordination : 

A.W.S. Committee on Definitions and 
Chart 

A.W.S. Resistance Welding Committee 

A.W.S. Brazing Committee 

Committee on Filler Metal 

The next general meeting has been 
tentatively scheduled for the latter part of 
September or first part of October. 
General feeling of automotive industry has 
been very favorable to this committee, 
and it is hoped a great deal of good will 
come from it. 

Committee on Brazing (/. R. Wirt, Chair¬ 
man) 

This Committee was organized for the 
purpose of establishing standards and 
recommended practices for the application 
of brazing. 

The first meeting of the Committee was 
held on March 20, 1945. when general 
plans for properly accomplishing the work 
of the Committee were discussed. Sub¬ 
committees were organized on Low Tem¬ 
perature Brazing, High Temperature Braz¬ 
ing and Aluminum Brazhig. 

On August 2 a meeting of the subcom- 
mitte chairmen was held to further ccu- 
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sider the organization of the Committee 
and the Subcommittee on Aluminum 
Brazing was reconstituted as the Sub* 
group on Light Alloys of the Subcommit¬ 
tee on Low Temperature Brazing. 

Consideration was also given to the 
request of the A.W.S. Army Ordnance 
Advisory Committee that the Committee 
on Brazing prepare an outline for an In- 
spection Handbook on Brazing for use by 
the U. S. Army Ordnance E>epartment. 
A draft of the outline was prepared at that 
meeting which has been sent to the Com¬ 
mittee membership for approval prior to 
submitting it to the Army Ordnance Ad¬ 
visory Committee. 

Conference Committee on Welded Bridges 
(a. R. Wilson, Chairman) 

This Committee has continued during 
the past year in the revision to the 1941 
edition of the Specifications for Welded 
Highway and Railway Bridges begun in 
1943. 

The work has been forwarded through 
correspondence and meetings of the sub¬ 
committees and the revisions adopted 
are to be submitted for approval of the 
subcommittees. The entire revised speci¬ 
fication will then be offered for considera¬ 
tion of the Main Committee. 

The new edition when issued will in¬ 
clude a modification of design stress for¬ 
mulas based on research completed 
since publication of the 1941 edition and 
on recommendations of railroad and high¬ 
way bridge engineers. Revision is also 
being made to the base metal requirements 
and the sectioii on workmanship require¬ 
ments. 

The Committee will continue work on 
the revision with as much expedience as 
possible in order that a revised specifica¬ 
tion may be made available at an early 
date. 

Committee on Building Codes {T. R. Hig¬ 
gins, Chairman) 

The Committee has devoted its efforts 
to the preparation of suitable building 
code requirements for the control of 
welding in building construction. A 
Code for Arc and Gas Welding in Build¬ 
ing Construction has been prepared, the 
most recent issue in 1941. 

In addition to formulating a building 
code the Committee has endeavored to 
obtain its wide adoption by municipali¬ 
ties and other code-writing bodies. The 
efforts of the Committee during the past 
year have been devoted largely to matters 
pertaining to adoption of the Code by 
additional cities, often in cooperation with 
Local Sections of the Society. 

The Committee has been reviewing the 
1941 edition of the Code prior to recom¬ 
mending its advancement from the status 
of a tentative standard to a full standard 
of the Society. Comments and sugges¬ 
tions for revision were invited, and these 
have been considered at a meeting of the 
Committee on September 11. 

A.W.S.-A.S.M.E. Conference Committee 
iC.W.Oberl.Chairmati) 

The Committee has been called upon to 
advise the A.S.M.E. Boiler Code Com¬ 
mittee on a large number of technical 
questions during the past year. A num¬ 
ber of these have required extensive in¬ 


vestigation and research and are still under 
consideration and discussion with the 
Boiler Code Committee. 

Among the subjects that have been 
studied and which are proving difficult to 
solve are the question of “Ductility Re¬ 
quirements for Various Steels’’ (with 
special reference to welded construction) 
and the "Qualification of Welding Opera¬ 
tors which come under Boiler Code Com¬ 
mittee Usage” have given trouble to 
inspectors from the interpretation view¬ 
point. Another important but difficult 
problem has been the question raised in the 
boiler and pressure piping fields concern¬ 
ing the interchange of qualified welding 
operators; this question depends on so 
many other interrelated problems that 
an immediate solution thereof has proved 
difficult, although the Committee has 
been and is still devoting careful attention 
thereto. 

Coordinating Committee on Research (H. 0. 

Hill, Chairman) 

This Committee was organized with 
the following scope; 

1. To develop research problems, as 

needed, for the furtherance of 
A.W.S. Standardization Activi¬ 
ties. 

2. To submit programs of research on 

these problems to the Welding 
Research Council. 

3. To uiterpret the data thus ob¬ 

tained, as it was developed, for 
use by the Technical Commit¬ 
tees. 

This Committee, during the past year, 
has received some requests from the 
technical committees for research investi¬ 
gations, particularly in regard to resist¬ 
ance welding problems. These requests 
have been transmitted to the Welding 
Research Council for their consideration. 

Committee on Rules for Field Welding of 

Storage Tanks {H. 0. Hill, Chairman) 

This Committee was appointed by the 
Society and assigned the task of de¬ 
veloping general welding standards ap¬ 
plicable to the construction of field welded 
storage tanks, operating generally at at¬ 
mospheric pressure or at not over 15 lb. 
per square inch gage pressure. 

A specification entitled "Rules for 
Field Welding of Steel Storage Tanks” 
was published in December 1940. In 
1941 a few minor revisions were made for 
purposes of clarification. These were 
published as amendments and issued in 
May 1942. 

TTie following subcommittees of the 
main tank committee exist: 

The A.P.I.-AsW.S. Conference Com¬ 
mittee on Welded Oil Storage Tanks ac¬ 
tively advises the American Petroleum 
Institute Committee on Oil Storage 
Tanks regarding all matters relating to 
Welding. 

The A.W.A.-A.W.S. Committee on 
Elevated Steel Water Tanks, Standpipes 
and Reservoirs prepared a specification 
for the American Water Works Associa¬ 
tion with the title "Elevated Steel Water 
Tanks, Standpipes and Reservoirs.” 

The A.R.E.A.-A.W.S. Conference Com¬ 
mittee on Welded Storage Tanks for 


Railway Service served in the prepara^J 
tion of a specification covering "Weldedt 
Storage Tanks fw Railway Service” whidf 
was issued in 1943. 

The Main Committee and conferened 
committees are prepared to review anrf 
matters presented to them by any of th« 
coordinating societies in regard to specifi| 
cations for the field welding of storagq 
tanks. 

The Committee held no meetings during 
the past year. There were some item^ 
cleared by correspondence. 


Committee on Filler Metal {J. H. Deppeler, 

Chairman) 

The Committee on Filler Metal has con¬ 
tinued the formulation of standards for 
filler metal. A revised standard and a 
new standard have been completed and 
approved by the Committee during the 
past year. They are: Tentative Specifi¬ 
cations for Iron and Steel Arc-Welding 
Electrodes (revised), and Guide to A.W.S.— 
A.S.T.M. Classification of Iron and Steel 
Arc-Welding Electrodes (new). 

The progress of the Committee during 
the past year is further indicated by the 
subcommittee reports which follow: 


Subcommittee I—Iron and Steel Arc-Weld¬ 
ing Electrodes {J. H. Deppeler, Chair¬ 
man) 

. This subcommittee has devoted the 
past year to-a revision of the "Tentative 
Specifications fee* Iron and Steel Arc- 
Welding Electrodes ” (Serial Designation 
A233) and to the preparation of the 
"Guide to A.W.S.-A.S.T.M. Classification 
of Iron and Steel Arc-Welding Electrodes,” 
which is a discussion of the properties and 
use of electrodes conforming to the classi¬ 
fications established in the Tentative 
Specifications for Iron and Steel Arc- 
Welding Electrodes, and intended as a 
guide to users of these electrodes. 

Subcommittee II—Iron and Steel Gas Weld¬ 
ing Rods {J. H. Crilchett, Chairman) 

This subcommittee has been inactive 
during the past year. 


Subcommittee III—Aluminum and Alumi¬ 
num Alloy Filler Metal {G. 0. Hoglund, 

Chairman) 

This subcommittee has completed and 
published "Tentative Specification for 
Aluminum and Aluminum-Alloy Metal 
Arc-Welding Electrodes.” This has been 
issued under serial designation B184—43T. 
In addition, the subcommittee has drawn 
up "Proposed Tentative Specifications for 
Gas-Welding Rods for Wrought Aluminum 
and Aluminum-Alloys,” which has been 
submitted for approval. The above work 
covers the primary commercial welding 
processes and no specific future projects 
are on the subcommittee’s calendar. New 
developments in welding procedures may 
make it desirable to compile additional 
specifications. 


Subcommittee IV — High-Alloy Steel Filler 
Metal {R. D. Thomas, Chairman) 

This subcommittee held one well-at¬ 
tended meeting during the year, the result 
of which was a redrafting of the first 
preliminary draft of the proposed "Tenta¬ 
tive Technical Specifications for Stainless 
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BEFORE 1930, no welded boilers 
were used in high-pressure central 
stations. 

TODAY, backed by radiographic 
proof of soundness, welded joints 
are used exclusively in high-pressure 
steam boilers. 


It wasn’t so long ago that most engineers 
and all boiler safety-code committees were 
skeptical of welded joints for high-pressure 
steam boilers. They still had to be sold that 
welding was safe in this field. 

Radiography provided evidence that 
welding was safe . . . and the evidence was 
accepted. Radiography sold the skeptics... 
sold them sound welds as much as six inches 
thick and many feet in length. Today, 
radiography is universally accepted as the 
most satisfactory non-destructive test of welded 
joints. 

Not only has radiography created wide¬ 
spread acceptance for all types of weld¬ 
ments, but, because it is non-destructive 
and provides a record for reference, it also 
points to new ways to lower costs ... to 
shorten inspection time ... to control 
welding quality—greatly extending the use 
of welded construction. 


Now is the time to take afresh look at 
what radiography can do for you ... to fit 
your shop for any welding job that may 
come along. See your local x-ray dealer or 
write to 


Eastman Kodak Company, X-ray Division 
Rochester 4, N. Y. 
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Arc-Welded Electrodes.” The modifica¬ 
tions proposed by the membership present 
at this meeting were later submitted to 
the entire subcommittee membership by 
letter ballot. Certain negative votes were 
cast and each negative vote was accom¬ 
panied by comments. In general, the 
objections have been removed, either by 
a proposed revision or, in some cases, 
by a clarification. It is expected that a 
third draft will be ready to submit to the 
membership of the subcommittee in the 
near future. 

SubcommiUee V—Nickel and Nickel-Alloy 
Metal (0. B. J. Fraser, Chairman) 

This subcommittee has been inactive 
during the past year. 

Subcommittee VI on Copper and Copper 
Alloy Filler Metal (C. B. Swift, Chair¬ 
man) 

This subcommittee has held two meet¬ 
ings during the past year. At the first 
meeting, the specification to be written 
was discussed in a general way, the group¬ 
ing of the copper alloys was agreed upon 
and methods of testing were tentatively 
fixed. The lengths of electrodes and loca¬ 
tion of the grip were discussed without 
reaching any definite decision. This 
meeting was adjourned with the recom¬ 
mendation that a tentative specification 
for copper and copper-alloy arc-welding 
electrodes be prepared and submitted to 
the members of the subcommittee for their 
comments. 

At the second meeting a draft of a por¬ 
tion of a specification was considered. 
The various sections of this draft were 
discussed and the decisions agreed upon 
reported to the membership of the sub¬ 
committee. When this report was dis¬ 
tributed a request was made for comments 
from the membership on the work accom¬ 
plished. Plans have been completed 
for the drafting of a proposed specifica¬ 
tion to be submitted to the subcommittee 
in the near future. 

Subcommittee' VII—Hard Facing Filler 
Metal (M. G. Sedam, Chairman) 
Organization of this subcommittee was 
approved at a meeting of the Main Com¬ 
mittee on June 28. 1944. at which time 
the previous Subcommittee VII on Elec¬ 
trode Chart was disbanded. Selection of 
personnel was recently completed, and 
preliminary steps have been taken in the 
preparation of specifications for hard fac¬ 
ing filler metal. 

Committee on Welding in Marine Con¬ 
struction {H. W. Pierce, Chairman) 

A meeting of the Committee on Weld¬ 
ing in Marine Construction was held in 
the Hotel Cleveland, October 17, 1944, 
at which time Harry W. Pierce was elec¬ 
ted Chairman, and T. M. Jackson was 
elected Vice-Chairman. 

The extensive investigation of many 
phases of the ship-welding problem, under 
the War Metallurgy Committee of the 
N.R.D.C.. is still underway and remains 
classed as restricted information. With 
the termination of hostilities it is antici¬ 
pated that this information will be re¬ 
leased and its digest and translation into 
specifications and recommended prac¬ 
tices will require a great deal of work in 


which the Committee should play an 
important role. 

The Committee continues its estab¬ 
lished policy as a forum for discussion of 
mutual welding problems and service 
through its subc^mittees and review 
and advice in the matter of specifications, 
codes and practices. In this connection 
a directive on preheating of ship struc¬ 
ture issued by the Maritime Commission 
was studied by the Subcommittee on 
Hulls and the resultant criticism is being 
handled through official channels, follow¬ 
ing policy determination by the Board 
of Directors of the Society. 

The Subcommittee on Hull Construc¬ 
tion has likewise had the opportimity to 
review and comment upon the Tentative 
Specifications for Welding of Structural 
Steel; Electric Arc for Marine Vessels, 
issued by the Office of the Chief of Trans¬ 
portation. U. S. Army. Extensive criti¬ 
cism and suggestions were made, many of 
which were incorporated in the new draft 
dated 21 June, 1945. In many essential 
items, however, this Tentative Specifica¬ 
tion is regarded unfavorably by the 
Subcommittee and must be the subject of 
further work. 

Committee on Metallizing {D. C. Boltz, 

Chairman) 

Due to the urgency of wartime demands, 
there has been no activity by the Metalliz¬ 
ing Committee since it was fmmed at an 
earlier date. 

Committee on Minimum Requirements for 

Instruction of Welding Operators {A. B. 

Wrigley, Chairman) 

This Committee has been engaged in 
the codification of proper minimum re¬ 
quirements for the instruction of arc- 
and gas-welding operators in trade schools. 
By bringing together qualified welding 
engineers and vocational educators, the 
issuance of codes representing best weld¬ 
ing practices presented in accordance 
with accepted vocational training prac¬ 
tices has been made possible. The 
wide acceptance of the parts of the 
Code of Minimum Requirements already 
issued substantiate the soundness of this 
Committee's work. 

With the abatement of training pro¬ 
grams for war production workers, the 
Committee began, during the past year, 
to give consideration to the need of the 
normal training programs of the postwar 
period with some consideration to the 
anticipated needs for upgrading present 
operators and returning veterans who 
had received prior instruction in welding. 

The larger part of the Committee’s ef¬ 
forts were devoted to a review and revi¬ 
sion of “Part A—Arc Welding of Steel 
Vu to Thick” based on experience 

in its use during the war period, on fur¬ 
ther experience gained in the preparation 
of “Part B-1—Oxy-Acetylene Welding of 
Steel—Aircraft,” and on anticipated re¬ 
quirements of postwar training programs. 
Part A was approved by the Committee 
at its meeting of February 23rd and ap¬ 
proved by the Board of Directors as a 
full standard of the Society on June 28, 
1945. 

The Committee has also given con¬ 
sideration to the formulation of training 
standards on arc welding of light-gage 


steel and on arc welding of steel—-aircraft. 
Work is progressing on both these proj¬ 
ects although actual preparation of a 
standard on the arc welding of light-gage 
steel has been tabled pending further 
study. 

Future activities of the Committee 
are to be the subject of a meeting to be 
held in September. 

Committee on Non-Destructive Tests for 

Welds (0. R. Carpenter, Chairman) 

The Committee has been inactive dur¬ 
ing the past year. It was hoped that a 
new program might have been organized 
by this time. However, in exploring the 
interest of those concerned, it was found 
that nothing specific could be accom¬ 
plished at that time because of war activi¬ 
ties of the personnel. 

During the past year the publication 
the Ordnance Inspection Handbook for 
Manual Metal Arc Welding was made by 
the Army Ordnance Department as pre¬ 
pared by the A.W.S. Army Ordnance 
Advisory Committee. This committee 
had in its membership several of the 
members of the Non-Destructive Test 
Committee. That which is published in 
this text on visual, magnetic and radio- 
graphic inspection represents an attempt 
by those familiar with these methods to 
guide an inspector in his decisions to a 
correct interpretation. 

A need now exists for clear-cut stand¬ 
ards for magnetic and radiographic tests 
for general use in the inspection of welds 
It is planned during the coming year to 
renew the activity of the Committee and, 
in conjunction with the A.S.T.M. Com¬ 
mittee E-7, attempt to work out suitable 
standards. 

Committee on Pressure Piping {W. D. 

Halsey, Chairman) 

This Committee was appointed to 
prepare a Code for Welded Pressure Pip¬ 
ing for all applications, including hy¬ 
draulic, gas, air, oil and refrigeration. 
The membership of this Cennmittee is 
identical with that of the A.S.A. Sectional 
Committee on Code for pressure piping. 
Subcommittee No. 8, Subgroup No. 4. 
which Committee has reported to the 
Main A.S.A. Sectional Committee on 
Code for Pressure Piping. That Code 
has now been published. The Committee 
has undertaken no new work during the 
past year. No additional work is con¬ 
templated during the coming year since 
it is believed that the existing code fully 
covers the matter of pressure piping. 

Resistance Welding Committee {Wilson 

Scott, Chairman) 

The American Welding Society Re¬ 
sistance Welding Committee's activities 
for the past year consisted mainly in the 
preparation of a series of standards by the 
various subcommittees on phases of re¬ 
sistance welding. Some of the results 
of subcommittee activities have been 
published in the Journal and are being 
combined into a single publication. The 
combined standards have been edited and 
the report is to be circulated to the Main 
Committee for approval at an early date. 
Two executive subcommittee meetings 
were held in New York for the purpose <rf 
fon^’arding this program. 
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This new KELEKET 2 50 KV X-ray Unit is a 
powerful machine, fully adequate for the widest 
range of welding inspection requirements . . . 
jet it is the most easily operated unit in the entire 
Geld of industrial radiography! 

The KELEKET control panel has only ha// as 
many controls as conventional equipment of 
similar capacity! With fewer controls to manipu¬ 
late, your operator can concentrate thoroughly 
on the actual inspection procedure! 

This 250 KV unit can be mounted on a jib 
crane or truck. Check (above)its many outstanding 


features . . . then learn how they will reduce 
weld failures in your plant. Ask your KELEKET 
representative, or write us direct. 
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A research program was submitted to 
the A.W.S. Coordinating Committee on 
Research to instigate research work in a 
direction to fill in gaps in our present 
proposed standards. 

Recommendations for spot-welding re¬ 
quirements for inclusion in the A.I.S.I. 
Building Code were made. 

Several changes in Committee and sub¬ 
committee personnel were made during 
the year. 

Subcommittee I—Spot Welding of Low 
Carbon Steel (J. Heuschhel, Chairman) 
This subcommittee has been involved 
in several revisions of personnel and has 
only made minor revisions in recom¬ 
mended practices which are now ready for 
publication in the combined bulletin. 
A complete review and revision is planned 
for future work. 

Subcommittee II—Spot Welding of Coated 
Steel 

At the present time this subcommittee 
lacks a chairman and very meager data 
are available. It is hoped a chairman can 
be foutid to forward this work in the near 
future. 

Subcommittee III—Spot Welding of Stain¬ 
less Steel {J. J. MacKinney. Chairman) 
Data have been collected and are ready 
for publication in the combined bulletin. 
These data will be reviewed later and 
revised as necessary. 

Subcommittee IV—Spot Welding of Copper 
Alloy {M. L. Wood, Chairman) 

This subcommittee reports lack of data 
and this was one of the specific items re¬ 
quested for a research program. It is 
hoped with the let-up in war production 
that this work might proceed at a faster 
rate. No data are to be published at 
present. 

Subcommittee V—Spot Welding of Nickel 
Alloys {K. M. Spicer, Chairman) 

A Recommended Practice for the Spot 
Welding of Nickel and Nickel Alloys has 
been completed. The data may require 
some revision at a later date but repre¬ 
sent the latest available information. 

Test programs have been planned or 
initiated to develop additional informa¬ 
tion on spot-welding practice and physi¬ 
cal data. Collection of data is also 
planned for the establishment of seam¬ 
welding standards for nickel aUoys. 

Subcommittee VI—Spot Welding of Low- 
Alloy and Medium Carbon Steels (i/. 0. 
Klinke, Chairman) 

Some data are available which have 
been prepared for publication. A large 
amount of data has been obtained but 
cannot be released at present. Release 
should be forthcoming soon and this work 
will continue. 

Subcommittee VII—Projection Welding 
{C. M. Manzer, Chairman) 

Very few data were available so the 
subcommittee carried out an experimental 
program, the results of which have been 
prepared for publication. 

Future work will continue and include 
investigations of other materials, the 
possible use of lower electrode force and 
welding current as applied to single and 


multiple welds, use of a smaller number 
of projections for different thickness of 
materials, and a possible increase in toler¬ 
ance in diameter and height of projec¬ 
tions. 

Subcommittee VIII—Flash Welding (J. H. 

Cooper, Chairman) 

A recommended practice has been pre¬ 
pared and is ready for inclusion in the 
cmnbined publication. Additional data 
have been requested as a subject for re¬ 
search. 

Subcommittee IX—Methods of Testing 

{Wilson Scott, Chairman) 

Recommended practices for testing of 
resistance welds have been compiled and 
are ready for publication. In the collec¬ 
tion of data for all subcommittees it was 
found that a lot of people have been 
working with resistance welding, but did 
not have a consistent measure of condi¬ 
tions. So that data could more readily 
be obtained a chart for collection of data 
was prepared and included in the methods 
of testing standard. 

For future work further methods of 
nondestructive tests are to be investi¬ 
gated. 

Subcommittee X—Definitions and Symbols 

(C. B. Voldrich, Chairman) 

Terms and definitions have been col¬ 
lected and compiled into a common repM't. 
These are being checked to determine the 
most suitable and are not ready at the 
present time. It is believed that this 
work will progress rapidly in the near 
future. The definitions are to be pub¬ 
lished in a bulletin separate from the 
recommended practices. 

The preparation of an outline for com¬ 
piling an Inspection Handbook on Resist¬ 
ance Welding has been undertaken. Mr. 
C. M. Manzer was assigned this re¬ 
sponsibility and is to be assisted by Mr. 
J. J. MacKinney. 

It is expected that the Committee will 
work toward the simplification and 
standardization of all resistance welding 
processes so that the scope of resistance 
welding will be increased through a 
greater understanding of all the vari¬ 
ables. The Committee’s aim is to de¬ 
velop reliable consistent data presented 
in such form that new manufacturers have 
no difficulty in its interpretation and 
produce a consistent product. 

Committee on Safety Recommendations 

{H. S. Smith, Chairman) 

The Technical Activities Committee 
at their meeting on December 14, 1944, 
voted unanimously to request the Chair¬ 
man of the Committee on Safety Recom¬ 
mendations to canvass his Committee 
and make a definite recommendation as to: 

1. Whether the American Standards 
Association should be requested to im¬ 
mediately proceed to develop an Ameri¬ 
can Standard on “Safety in Electric 
and Gas Welding and Cutting Operations” 
under their Sectional Committee pro¬ 
cedure with the object of completing it 
before the lapse of the War Standard, 
Z49.1-1942, on the same subject. 

2. Whether the Aubrican Welding 
Society should serve as sponsor body 


of the Sectional Committee, if agreeable 
to all concerned. 

This action of the Technical Activi¬ 
ties Committee was duly reported to the 
Committee on Safety Recommendations 
and their votes requested on the above 
questions. The vote pf approval the 
Committee on Safety Recommendations 
was duly repm-ted to the Chairman of the 
Technii^ Activities Committee and the 
American Standards Association have 
now been fmnally requested to undertake 
the project. 

Other than the above there have been 
no matters of any importance requiring 
the attention of the Committee on Safety 
Recommendations during the past year. 


Committee on Standard Procedures of 
Welding and Standards for Welded Joints 
{C. H. Jennings, Chairman) 

The Committee has been engaged in the 
preparation of welding procedures and 
joint details for arc and gas welding low- 
carbon and commercial low-alloy steels. 

To expedite progress in its assignment, 
the Committee has confined its considera¬ 
tions to date to preparation of an arc¬ 
welding procedure specification for mate¬ 
rials in the "P-l, 0-1” grouping of the 
Standard Qualification Procedure, defer¬ 
ring work (XI a similar standard fex gas¬ 
welding. 

The past year has been devoted to 
drafting of a third revision of the pro¬ 
posed pr<x:edure specifications, which 
should be completed and made available 
to the Committee’s members early in the 
forthcoming year. 


Committee on Standard Qualification Pro¬ 
cedures {W.D. Halsey, Chairman) 

The C(xnmittee’s efforts have resulted 
in the formulation of standards for the 
qualification of welding operators and 
welding procedures and the prcnnulgation 
of these standards for adoption by ccxle- 
writing bexiies to effect a general uni¬ 
formity *of welding qualification require 
ments. 

The most recent issue of these stand¬ 
ard qualification pr<x;ediu‘es was pub¬ 
lished in 1941. More recently the Com¬ 
mittee recpgnized the need for their edi- 
t(X’ial clarification and this task was under¬ 
taken last year. 

In September 1944 a proposed revision 
of the procedure qualification require¬ 
ments together with explanatory appen¬ 
dices were prepared and these were given 
preliminary consideration at a meeting 
on October 18th. More detailed con¬ 
sideration was given to the proposed 
revision at a later meeting on December 
4, 1944. Following this meeting it was 
decided to afford each member the oppor¬ 
tunity to submit his comments and sug¬ 
gestions in detail. These are to be re¬ 
ceived by September 1, 1945, fex ccxrela- 
tion and consideration at an early meeting 
of the Committee. It is expected that 
this procedure of submitting comments in 
writing will expedite completion erf the 
revision to the prcxzedure qualification re¬ 
quirements and permit early (Ninsidera- 
tion of the operator qualification require¬ 
ments. 


1240 


THE WELDING JOURNAL 


Digitized by 


Google 


DECEMBER 






Mother Andersen 


Industry Endorses EUTECTIC Low Temperature WELDING RODS* 

and FLUXES 


“In this iyp* NNA WALKIE- 
TALKIE Cast, oil dim*n»iont 
had le b« held to exlretnely 
tmoll tolerances of -h-OIS 
and ~.000. Mode of .042 
cold rolled steel with woter- 
tight joints, it posed a tough 
problem that was success¬ 
fully solved by welding 
with Eulecftod 16." 


“All ottempts to produce this Walkie-Talkie Case by 
conventionol drawing methods failed because the 
specified critical dimensional toleronces could not be 
held. When we were asked to tackle the job our 
engineers decided to try a new approach using weld¬ 
ing. The cases were stamped from fiot sheets and 
then formed into shape and the folded edges welded. 
Although this procedure enabled us to hold to re¬ 
quired tolerances production with ordinary rods wos 
too expensive. After three weeks of research we were 
ready to admit defeat when we tried EutecRod 16. 
That solved our problem! 

“Due to close tolerance and thin gauge, heating had 
to be kept down to avoid distortion. Because EutecRod 
16 bonds at 1300-1600** F. all donger of distortion 
was avoided. 

“When we tried a standard steel rod our welders 
could only turn out 30 cases a day. But when they 
tried EutecRod 16 they jumped production 300% by 
producing 120 cases per day. This is the fastest gas 
rod they hove ever used and practically eliminates 
after-machining. 

“Thanks to Eutectic we were able to get into moxi- 
mum production rapidly and economically. " 

All EUTECTIC Alloys are new ovalloble for civilian predwcfion. 
By moan* of 48 spoclolly developed Reds and Fluxes you 
can employ the many revelutlonory advantages of EUTECTIC 
lew Tomperafure Welding. Get the facts todayl 


ficosc send m# compisl* focts about EUTECTIC Eod» end FlwxSt end 
informotion on how to pui’choio a selection of the 9 most important 
EutecRods for every doy use. Dept. JN-1 
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CommiUu.. on Symbo/s (L. C. Bibber, 

Chairman) 

Several meetings of the Committee 
were held during the year and a number of 
minor changes were approved. These 
will be incorporated in a revision of the 
symbols pamphlet. 

A meeting between the Chairman of the 
Symbols Committee and Dr. H. H. Lester 
of the Watertown Arsenal was held, 
during which a set of symbols for non¬ 
destructive testing of weldments was 
devised. These have been approved by 
the Symbols Committee and will be in¬ 
cluded in the symbols pamphlet. 


A.S.A. Sectional Committee C-52 — Elec- 
trie Welding Apparatus {Sponsored by 
Aubrican Welding Society) (L. W. 
Clark. Chairman) 

The function of the Committee is to 
revise the Standards for Electric Arc 
Welding Apparatus and Standards for 
Resistance Welding Apparatus originally 
issued in 1033. The Committee held an 
organization meeting and appointed two 
subcommittees to carry out the work. 
The work of these sul«ommittees has 
been delayed and hindered because of the 
war. During the past year both the Arc 
Welding and Resistance Welding Subcom¬ 
mittees have been reorganized and under 
new chairmen are now actively started on 
the job of revising the Standards. The 
progress of these subcommittees is as 
follows: 


Subcommittee on Electric Arc Welding 
Apparatus (i?. C. Freeman, Chairman) 

This subcommittee has been reor¬ 
ganized and several new members added 
and is now engaged in the study of a new 
N.E.M.A. Standard on arc welding ap¬ 
paratus which they will use as a basis for a 
new American Standard. 


Subcommittee on Resistance Welding Ap¬ 
paratus {B. L. Wise, Chairman) 

Thb subcommittee is getting CK’ganized 
to study three American War'Standards: 
"Straight and Offset Resistance Welding 
Electrodes and Electrode Holders," C 
52.3-1946; "Controls for Resistance Weld¬ 
ing Machines." C 52.4-1945; and "Speci¬ 
fications for Resistance Welding Ma¬ 
chines," C 52.5-1945, for the purpose of 
converting these War Standards into regu¬ 
lar American Standards. 


REPORTS OF A.W.S. REPRESENTA¬ 
TIVES ON TECHNICAL COMMIT¬ 
TEES OF OTHER SOCIETIES 

American Standards Association 

Sectional Committee A-10—Safety Code 
for Construction Work {A. N. Kugler) 
Since the American Standard Safety 
Code for Building Construction was ap¬ 
proved June 7, 1944, under American 
Standards Association Designation A- 
10.2-1944, the formal activities of A-10 
have ceased. However, the American 
Standards Association is continuing the 
Committee as such. No meetings of this 


Committee have been held this year and 
consequently no action has been taken. 

Committee B-31—Code for Pressure Piping 
{D. H. Corey and P. C. Fants) 

This Committee was organized several 
years ago, to revise the first edition of the 
American Tentative Standard Code for 
Pressure Piping. The revision was com¬ 
pleted and approved in 1942, and the 
American Standard Code for Pressure 
Piping was subsequently published. In¬ 
asmuch as the Committee will undoubt¬ 
edly be concerned at times with matters 
of interest to the A.W.S., it is recom¬ 
mended that representation be main¬ 
tained. 

Sectional Committee C-42—Electrical Defi¬ 
nitions {R. W. Clark) 

An A.S.A. Standard covering Electrical 
Definitions was published in 1942. This 
Sectional Committee is to continue and 
will be responsible for preparing a re¬ 
vised edition for publication. It is recom¬ 
mended that the Ambrican Welding So¬ 
ciety continue its representation on this 
committee. 

Sectional Committee C-67—Preferred Volts 
—100 Volts and Under {I. B. Yales) 
Your representative has taken no part 
in any activity on this Committee during 
the past year. It is further suggested 
that my name be removed from this Com¬ 
mittee so that I will not in the future hold 
up the reports and actions of this Com¬ 
mittee. 

Committee Z-2—Protection of Heads, Eyes 
and Respiratory Organs of Industrial 
Workers (H. S. Smith) 

During the past year this Committee 
has held no meetings nor has any corre¬ 
spondence been addressed to the members. 
It is of interest to report, however, that the 
National Safety Council has instituted a 
research project on the use of plastics in 
eye protective devices. The results of this 
research will be made known to the A.S.A. 
Sectional Committee Z-2 at which time it 
is believed that some revbion of the Code 
will be made. A.W.S. representation on 
this Committee should be continued. 

Committee Z-5—Ventilation Code {H. S. 
Smith) 

During the past year this Committee 
has held no meetings and no correspond¬ 
ence has been directed to its members. 
So far this Committee has not considered 
anything that has directly to do with 
welding or cutting but it is quite possible 
that the Committee will at some time in 
the future. For this reason it is beiieved 
that A.W.S. representation should be 
continued. 

Committee Z-IO—Letter Symbols and Ab¬ 
breviations for Science and Engineering 
{W. Spraragen) 

No new standards or revisions of stand¬ 
ards have been approved as a result of the 
Committee’s work during the past year. 
However, a few of the subcommittees are 
actively at work and a report on letter 
symbols for electrical quantities will prob¬ 
ably be submitted for approval in the 
near future. Work is also going forward 


on a new list of symbols covering chemical 
engineering. 

Sectional Committee Z-28—Work in Com¬ 
pressed Air {E. Vom Sleeg) 

There were no meetings held during the 
year of American Standard Association 
Committee on project Z-28, Work in 
Compressed Air. In the previous year, a 
small subcommittee was appointed to 
draft a tentative code which in ttum was 
to be submitted to the Committee as a 
whole for action. 

The work of this Committee was de¬ 
layed on account of the war. They will 
now commence work on it, and during the 
coming year we may expect some progress. 

Committee Z-32—Graphical Symbols and 
Abbreviations for Use on Drawings 
{L. C. Bibber) 

No changes were made by this Commit¬ 
tee with respect to welding during the 
year 1945. 

Association of American Railroads 

Committee on Fusion Welded Tank Car 
Tanks {J. J. Crowe) 

During the past year your representa¬ 
tive has not b^n called on for any infor¬ 
mation or advised of any <A their activities. 
In my opinion this is a valuable contact 
that should be continued. 

American Institute of Electrical Engineers 
Committee on Electric Welding — Subcom¬ 
mittee on Power Supply for Welding 
Operations {W. F. Hess, G. S. Mik- 
halapov) 

This subcommittee has remained com¬ 
paratively inactive during the year. It is 
believed that representation on this 
committee should be continued since cir¬ 
cumstances may arise which would call for 
further activity. 

American Society for Metals 

Metals Handbook Committee {H. L. Max- 
weU) 

During the past year there has been 
limited activity of the Handbook Cmn- 
mittee of the American Society for 
Metals in so far as formal meetings are 
concerned. This has been due no doubt 
to the national situation and the devoting 
of all possible time to the war effort. 
There has been frequent exchange cA 
correspondence in relation to technical 
articles being prepared for the next edi¬ 
tion of the Metals Handbook. These 
articles are examined as received and 
reaction reported. It may be said that 
there has been a continuing activity and 
interest in the work of the Metals Hand¬ 
book Committee. Recommendation is 
made that representation of the American 
Welding Society on the A.S.M. Hand¬ 
book Committee be continued. 

American Society for Testing Materials 
Committee A-1 on Steel, Subcommittee II, 
Structural Steel for Bridges, Buildings 
and Rolling Stock {C. E. Loos) 

One meeting of the section on Welding 
of Subcommittee II, Structural Steel 
for Bridges, Buildings and Rolling Stock 
of A.S.T.M. Committee A-1 on Steel, 
was held during the past year. At that 
meeting the section reviewed the proposed 
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PLANTS GAIN MORE BY USING 


Safety Equipment 


New Air-Flow Helmet 

CBSCO’s new Air-Flow welding 
helmet provides complete safe¬ 
ty, greater comfort and protec¬ 
tion against fumes. Write for 
Bulletin B. ▲ 


• Cesco’s complete line of head and eye safety 
equipment always benefits users—prevents injuries, 
saves lives, saves dollars and earns profits. 

More than that, Cesco offers exclusive features 
which produce added benefits. 

Check the equipment shown on this page for 
specific examples. And, check with a Cesco man to 
find out more about the Cesco line. 


New Acid Hoed | 

Guards against nitric, sulphuric, _ 
hydrocholoric, acetic, hydrofluoric m 
and carbolic acids. Has air-feed m 
unit. Write for Bulletin A. • 


No. 94 Respirator 

Protects against lead, 
silica and nuisance 


New Face Shields 

Sturdy, protective plastic 


New Cisco Goggles 

Coverlite Goggle, with re 


Seamless Welding Helmets 

Seamless CESCO helmets, provide 


window—replaceable in 15 
seconds! Extra comfortable, 
with contour-shaped head- 
gear. Write for Bulletin F. 


positive protection for welders. 
Contour-shaped, easily-adjusted 
headgear. Lift-front style also 
shown. Write for Bulletin E. 


placeable safety lenses, ex¬ 
tremely light in weight. Spec¬ 
tacle types available in many 
styles. Write for Bulletin C. 


dusts. Permits easy 
breathing. Approved by 
Bureau of Mines. Write 
for Bulletin D. 


CHICAGO EYE SHIELD COMPANY • 2332 Warren Boulevard • Chicago 12, Illinois 
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spectBcations submitted by ttie American 
Iron and Steel Institute for chemical limi¬ 
tations of suitable steels for welding. 
These were considered in the light of the 
recommendations of the A.W.S. Confer¬ 
ence Committee on Welded Bridges, and 
also the needs of those interested in riveted 
construction. No final action was taken. 

More recently the Society has pro¬ 
posed the formation of a conference group 
together with representatives from Ameri¬ 
can Society for Testing Materials and 
American Iron and Steel Institute, in an 
effort to develop a specification for struc¬ 
tural steel that will be satisfactory to all 
concerned. It is expected that further 
action by the subject group will be de¬ 
ferred pending outcome of this conference. 

Committee B-5—Copper and Copper Alloys 
(/. J. Vreeland) 

The purpose of this Committee is to 
recommend changes in copper and copper 
alloy specifications and to develop new 
specifications for the same t}i}e alloys. 
During the past year the Committee has 
made considerable recommended changes 
on various copper alloys, but in no in¬ 
stance has the change had any effect on 
the welding of the alloy in question. Rep¬ 
resentation of 'the Society is desirable 
so that the welding characteristics of any 
alloy may be improved by a slight change 
in composition and to note and object to 
any change which would affect the alloys’ 
wddability. There is no doubt that the 
Society should continue its representa¬ 
tion on this Committee. 

American Petroleum Institute 

Subcommittee on Field Welding of Casing 
{J. J. Chyle, S. A. Greenberg, L. Van 
Ormer) 

There has been no activity of this Com- 
oiittee during the past year. 

International Acetylene Association 

Committee on Welding and Cutting Chapters 
of A.S.M. Metals Handbook {R. W. 
Clark, C. H. Jennings, H. L. Maxwell) 
This Committee has been in existence 
for about three years but has had no 
meetings and no work has been done be¬ 
cause no action has been taken by the 
A.S.M. toward the revision of the Metals 
Handbook. Because of this fact, there is 
no report of progress that can be made. 

Heating, Piping and Air Conditioning 
Contractors’ National Association 

Editorial Committee {D. H. Corey) 

The purpose of this Committee is to 
revise the Association's Standard Manual 
on Pipe Welding. .It is intended, pri¬ 
marily, for the use of piping contractors 
and architects. Meetings have been held 
at approximately monthly intervals, and 
will probably so continue into 1946. It is 
estimated that the revision is approxi¬ 
mately 75% complete. It is recommended 
that A.W.S. maintain representation until 
completion of the revision. 

National Board of Boiler and Pressure 
Vessel Inspectors 

Advisory Committee {R. E. Cecil) 

Your representative attended all meet¬ 
ings during the year of the Executive Com- 
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mittee on the National Board with the ex¬ 
ception of one. No matters came before 
the Board of a controversial nature, or 
which might appreciably affect the inter¬ 
ests of the American Welding Society 
or the Welding industry. The National 
Board is growing in strength and in in¬ 
fluence. Believe it will be to the inter¬ 
est of the Society to continue its repre¬ 
sentation on this Committee. 


5./1 .E. War Engineering Board 

Subcommittee on Repair of Defective Auto¬ 
motive Gray Iron Castings (J. M. Die- 
bold) 

This Subcommittee was formed in the 
Fall of 1944 for the purpose of revising 
O.C.O.D Engineering Bulletin #152 for the 
repair of defective automotive gray iron 
castings. A representative group was 
formed by the S.A.E. War Engineering 
Board to make this bulletin much more 
workable and, through standardization, 
salvage more castings and give more uni¬ 
form results. 

A revised Engineering Bulletin #152 
was drawn by this subcommittee, to¬ 
gether with an appendix covering recom¬ 
mended practices. After approval of the 
committee it was submitted to O.C.O.D. 
and with slight editing was issued early in 
1945. All Ordnance gray iron castings 
are repaired under the qualification pro¬ 
cedure outlined in this bulletin. 


Subcommittee on Repair of Defective Auto¬ 
motive Malleable Castings {J. M. Die- 
bold) 

This Subcommittee was formed for the 
express purpose of drawing up a method 
of control for the repair of defective mal¬ 
leable castings which could be issued as an 
engineering bulletin to assure O.C.O.D. 
of good-quality Ordnance castings. This 
group, which was representative of the 
foundries and manufacturers employing 
this material for Ordnance usage, was 
formed early in 1945. A bulletin of 
recommended practices was drawn up 
patterned after the work done by the 
Gray Iron Casting Subcommittee. Upon 
conclusion it was submitted to O.C.O.D. 
for approval and was just recently issued 
as an Ordnance Engineering Bulletin after 
some editing. 


Subcommittee on Repair of A utomotive 
Steel Castings {J. M. Diebold) 

This Subcommittee was temporarily 
formed for the purpose of outlining a 
method of control and preferred practice 
which could be issued by O.C.O.D. for 
the repair of steel castings to be used by 
Ordnance. The general procedure out¬ 
line set up for automotive gray iron cast¬ 
ings was followed for this work as much 
as was practical. A committee was 
formed early in 1945 and the proposed 
engineering bulletin and recommended 
practice was submitted to Ordnance for 
approval about four months later. It is 
understood that this bulletin either has 
been or is about to be issued by O.C.O.D. 
with only slight editing changes for Ord¬ 
nance control of steel casting repair. 
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"LESSONS IN ARC WELDING" 

Lessons in Arc Welding, Seventh Print¬ 
ing, second edition, published by The 
Lincoln Electric Co., Cleveland, Ohio, 176 
pages, 5V» X 8*/j in., 133 illustrations, in¬ 
cluding photos and drawings; cover, semi- 
flexible simulated leather, gold embossed; 
price postpaid United States 50 cents per 
copy, elsewhere 75 cents per copy. 

Lessons in Arc Welding, is a revised and 
up-to-date new printing of the second edi¬ 
tion to assist both new and experienced 
welders as well as all persons interested or 
concerned with the subject, with complete 
and thorough instructions in all phases of 
arc welding. 

The book includes 61 lessons in arc 
welding and has over 200 photos and illus¬ 
trations to supplement the text. From the 
very first paragraphs dealing with "In¬ 
structions to the Operator” to the 571 
examination questions and answers given 
in the closing pages, the book sets ftwth 
in plain, simple language, the practical 
instruction based on the experiences of 
Mr. Arthur Madson, head instructor in 
the Lincoln Arc Welding School. Mx. 
Madson has taught thousands of students 
to become practical, successful arc-weld¬ 
ing operators. 

Published with the objective of aiding 
those interested in welding to use the proc¬ 
ess successfully and economically. Lessons 
in Arc Welding explains the fundamentals 
of this method of joining metals by the fu¬ 
sion principle and incorporates a wealth of 
new information such as how to apply the 
latest types of electrodes and welding tech¬ 
niques developed during the war years. 


METAL CONGRESS 

Industry’s interest in introducing new 
developments and preparing for post-war 
sales is at an all-time high, judged by ad¬ 
vance exhibit space reservations in the 
27th National Metal Exposition, to be 
held the week of February 4th in Cleve¬ 
land’s Public Auditorium. 

"Representative manufacturers from 
all branches of the metal-working in¬ 
dustries have already reserved 98% of the 
available floor space,” according to W. H. 
Eisenman, managing director of the Ex¬ 
position, and national secretary of the 
American Society for Metals, sponsor of 
the event. 

"With more than 340 companies repre¬ 
sented,” Eisenman continued, “total dis¬ 
play area will be more than eight acres. 
This will be the largest industrial show 
ever held, exceeding the metal show of a 
year ago by some 25%.” 

Conservative estimates of attendance to 
the Exposition are in excess of 30,000 in¬ 
dustrial executives and engineers. Cleve¬ 
land hotels will be packed and a specisd 
housing bureau has been set up by the 
Cleveland Convention and Visitors’ Bur¬ 
eau to handle rooms in apartments and 
private homes. 

Many visitors within a 100-mile radius 
of Cleveland plan to spend only a day at a 
time at the 5-day meeting and technical 
sessions of the National Metal Congress, 
held in conjunction with the Exposition, 
have been set up so that visitors may 
readily select visiting days to sit in on the 
sessions__of definite interest to them. 
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T he impressive fabrication rec¬ 
ords which weld-tested U'S*S 
Rolled Steels helped to achieve dur¬ 
ing the war are today being dupli¬ 
cated in the fabrication of materials 
for a peacetime world. And this is 
possible because welders are able to 
pick just the right type of steel for 
each operation, thus enabling them 
to carry on hundreds of fabricating 
and assembling jobs speedily and 
with great efficiency and economy. 

Our research engineers, by con¬ 
tinuous laboratory experiments and 
in practical tests, have determined 


the exact welding characteristics of 
each type of rolled steel. The result 
IS a reservoir of welding knowledge 
that is an important benefit to you 
when youuseU'S’S Rolled Steels for 
fabricated products. For you can 
apply each steel with a definite 
understanding of its weldability. 

Whatever your particular welding 
problem may be, our technical staff 
will be glad to consult with you at 
any time, and to place in your hands 
the knowledge acquired through 
years of painstaking and exhaustive 
research and tests. 


U*S*S ROLLED STEELS FOR WELDING 



CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 

COLUMBIA STEEL COMPANY, San Francisco 

TENNESSEE COAL, IRON A RAILROAD COMPANY, Birmingham 

United State* Steel Supply Company, Cbicngo. War4ho»st Dtslribulort 
United Stare* Steel Export Company. New York 
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List of New Members 


October 1 to October 31, 1945 


BOSTON 

Rivers, Geoi^e E., Jr. (C). 292 Auburn- 
dale Ave., Aubumdale, Mass. 


CANADA 

McClymore, Robert (B), 557 George St., 
Sarnia Ont., Canada. 

McEacbran, Gordon W. (B), 9 Grand Ave. 
West, Chatham, Ontario. 


CHICAGO 

Kuras, Peter T. (C). 6431 S. Eggleston 
Ave., Chicago 21, Ill. 

Wood, Jerome H. (C), Westinghouse 
Elect. Corp., 20 N. Wacker Dr., Chicago 
lU. 

Woods, Thomas J. (C), A. O. Smith Corp., 
310^. Michigan Ave., Chicago 4, Ill. 

CINCINNATI 

Good, Merrill K. (C), 222 Penn Road, 
Troy, Ohio. 

Ivey, J. C. (C), X-L Supply Co., 3736 
Spring Grove Ave., Cincinnati 23, Ohio. 

Maddox, Wm. A. (B), 3438 Zumstein, 
Cincinnati, Ohio. 

Ramsey, Hugh T. (C), 420 Scott St., Cov¬ 
ington, Ky. 

Tower, Edwin H. (C), 6783 Sunray, Mt. 
Washington, Cincinnati 30, Ohio. 

CLEVELAND 

Bailey, Ned (C), Indxistry & Welding 
Magazine, 812 Huron Rd., Cleveland, 
Ohio. 

Davis, Joseph Leslie (C), P. O. Box 3112, 
Euclid 17, Ohio. 

Lohmeyer, W. J. (C) Colonial Iron Wks. 
Co., 17643 St. Clair Ave., Cleveland, 
Ohio. 

Pfahler, C. Kenneth (B), Box 266, Gabon, 
Ohio. 


DETROIT 

Altman, Murray (B), Acorn Iron Wks., 
Inc., 9260 Freeland, Detroit 27, Mich. 

Chester, Edmtmd J. (B), 7234 Middle 
Pointe, Dearborn, Mich. 

Cobb, W. H. (C). R. F. D. 2, Clarkston, 
Mich. 

Cormier, Aime (C), 1535 N. Dort High¬ 
way, Flint, Mich. 

Davis, Joseph B. (C), 11892 Ohio, Apt. 
102, Detroit, Mich. 

De Leo, P. D. (C), Progressive Welder Co., 
3050 E. Outer Dr., Detroit, Mich. 

Detloff, Leonard (C), 19353 Runyon Ave., 
Detroit 5, Mich. 

Everett, Risk (C), 1309 Wilson St.. Bay 
City, Mich. 

Fegley, Vaughan (B). Resistance Weld¬ 
ers Corp., 116 First St., Bay City, 
Mich. 

Glasgow, Glen W. (C), 765 Central Ave., 
Apt. 107, Detroit 9, Mich, 

Harris, Douglas 1. (B), Progressive Welder 
Co., 3050 East Outer Dr., Detroit, 
Mich. 


Hinds, Spencer C. (C), 624 Marquette 
St., Flint 4, Mich, 

Johnson, Arthur C. (B), Progressive 
Welder Co., 3050 E. Outer Dr., Detroit, 
Mich, 

Johnson, Fred (B), Progressive Welder Co., 
3050 E. Outer Dr., Detroit 12, Mich. 

Jordan W. H. (B) Progressive Welder Co., 
3050 E. Outer Dr., Detroit 12, Mich. 

Kusk, William (C), 269 Jewell, Femdale 
20, Mich. 

McAUister, NeU C. (C), R. F. D. 3. Bay 
City, Mich. 

McKee, Earl L. (C), 3501 S. Washington, 
R. 1. Saginaw, Mich. 

MiUer, Clyde L. (C), 3824 Catalpa Dr., 
Berkley, Mich. 

Plummer, Wm. R. (C), 1921 Dorothea 
Rd., Berkley, Mich. 

Rankin, Roy S. (B), Harris Calorific 
Sales, 7401 DuBois St., Detroit 11, 
Mich. 

Sloan, John F. (C) 1102 S. Warren, Sagi¬ 
naw 30. Mich. 

Springs, Lawrence E. (C), Durand, Mich. 

Wiley, George Steams (C), Bundy Tub¬ 
ing Co., 10951 Hem Ave., Detroit 13, 
Mich. 

Wineman, Walter, Jr. (C), 812 N. Beck 
St., Sebewaing, Mich. 

Yerian, Wilson D. (C), 105 Gratiot St., 
Durand, Mich. 

Zulinski, Edw. J. (C), 2695 Commor St., 
Detroit 12, Mich. 


HARTFORD 

Dube, J. Raymond O. (C), R. F. D.3, Burr- 
ville, Torrington, Conn. 

HAWAH 

Ny^om, Walter O. (C). Hawaiian Gas 
Products, Ltd., P. O. Box 2454, Hono¬ 
lulu 4, T. H. 

INDIANA 

Bishop, Alonzo Neil (B), R. R. 3, Box 4, 
Indianapolis 44, Ind. 

Heitman, John A. (B), R. R. 4, Box 809 
B, Indianapolis 44, Ind. 

MiUer, William R. (B), 146 W. 38th St., 
Indianapolis, Ind. 

Urbaniak, Joseph (B), 1439 N. New Jer¬ 
sey, Indianapolis, Ind. 

Zimmerman, Albert J. (B), 933 Belma 
St., Indianapolis 1, Ind. 


KANSAS CITY 

Fizzell, J. L. (B), 5018 Euclid St., Kansas 
City 4, Mo. 

Tonkin, Charles T., Jr. (C), 6700 Cherry, 
Kansas City 5, Mo. 

LOS ANGELES 

Bisbey, Otto C. (C), C & C Welding, 
3708—119 PI.. Hawthorne, Calif. 
Ciemens, Herbert K. (C), C. F. Braun & 
Co., 1000 S. Fremont Ave., Alhambra, 
Calif. 

Warren, Lee (B), Sciaky Bros., 205 So. 


Beverly Dr., Room 206, Beverly Hills, 
Calif. 

Wessman, A. (C), C. F. Braun & Co., 
1000 So. Fremont, Alhambra, Calif. 

LOUISUNA 

Haro, Julian L. (B), 2544 LaHarpe St., 
New Orleans, La. 

Ledet, Anysee J. (C), 514 Pallet Ave., 
Harvey, La. 

Solberg C. M. (C), 328 Picayune PI., 
New Orleans 12, La. 

LOUISVILLE 

Arterbum, C. B. (B), American Air Filter 
Co., 215 Central Ave., Louisville, Ky. 

MAHONING VALLEY 

Clark, M. S. (A), The Federal Machine & 
Welder Co., Plant 2, 212 Dana St.. 
Warren, Ohio. 

MARYLAND 

Hudnall, John W., Jr. (C), First Ave., 
Feradale 25. Md. 

Lokstein, Henry (C), 517 S. Lakewood 
Ave.i Middle River 24, Md. 

Saas, Clarence B. (C). R. F. D. 1, Mt. 
Airy, Md. 

MICHIANA 

DiUon, J. R. (C), 401 N. Bendix Dr.. Dep. 

5C, South Bend 20, Ind. 

Kram, Elmer H. (C), 613 Park Ave., So. 
Bend,Ind. 

Worrell, Donald S. (C), 1201 Cedar St.. 
Niles, Mich. 

MILWAUKEE 

Bames, Cheater O. (C), 753 So. 22nd St.. 
Milwaukee, Wis. 

Buck, Roy R. (C), 2969 N. 59th St.. MU- 
waukee 10, Wis. 

Geyer, George E. (C), Hamiscbfeger 
Corp., 4400 W. National Ave., Milwau¬ 
kee, Wis. 

Harencki, Frank (C), 4575 So. Packard 
Ave., Cudahay, Wis. 

James, Earl D. (C), 3290 So. Dayfield 
Ave., Milwaukee, Wis. 

Joers, Raymond H. (B), 3520 So. 3rd St., 
Milwaukee 7, Wis. 

Nolan, Clarence A. (C), 520 N. 32nd St., 
Apt. 4, Milwaukee 8, Wis. 

Phillip, Robt. J. (C), 2663 So. Howell Ave., 
Milwaukee, Wis. 

Reisenauer, Ralph (C), 8524 TV. Belort 
Rd., West Allis 14, Wis. 

Steinmeyer, Ralph C. (B), 5123 W. W’is- 
consin Ave., Milwaukee 13, Wis. 
Winter, Hans (C), 22^0 E. Bradford Ave.. 
Milwaukee, Wis. 

NEW JERSEY 

Bragg, Sidney J. (B), 1120 South Second 
St., Plainfield, N. J. 
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.. goads for the good of man ’ 

This seems like a good time to be practical about New 
Year’s Greetings to you who turned in such a tremendous 
job of production for war and now face the no less critical 
problem- of producing of "goods for the good of man". 

The most practical way we know to back up any wish 
for a happy and prosperous year is to re-state our 
ability and eagerness to provide means to improve pro¬ 
duction... fools that cut the corners of cost and time in 
metal fabrication .. . that is tlie sort of aid to happiness 
and prosperity on which we can personally deliver. 

All of us, from the factories where Federal Resistance 
Welding Machinery is made, and from tlie many branch 
offices through whicli we wish to serve you, recognize the 
immensity of the challenge ahead. At the same time, we DD 
wishyou a Happy New Year...practically ««i/ sentimentally. 



MACHINE and WELDER CO. 


I _> 

206 DANA STREET • WARREN, OHIO M 

Manufacturers of ^ 

ALL TYPES OF RESISTANCE WELDERS 


Birmingham (3). Aiobama 
Ebberl and Kirkman 
321 Brown-Marx Bldg 
Buffolo (31, New York 
0 W Potlerson Co. 

3010 Rand Building 
Chicogo (6). Illinois 
Sronley Mazurek, Jr. 

9 South Clinton Street 
Cincinnoti (21. Ohio '.r 

Henry F. Smith and Son ., 
636 Broodway 

Cleveland (151, Ohio '. ' '' ‘ 
H. L. McCreery and Son 
3036 E 23nd Street 
Dallas (I). Texas 
Perry Machinery Co 
409 S. Akard St 
Detroit (111. Michigan 
Kilpatrick and Martin 
2382 E. Grand Blvd. 

Fort Wayne, Ind. 

Wayne Welding Supply 
513 East Wayne St 
Houston (61, Texas . 

Perry Machinery Co. - 
2613 Milan St 
Los Angeles [15), California 
Sullivon-Cassimus Compony 
110 W. Pico Blvd. 

New Orleans (13), Louisiana 
Frederick and Boker 
725 Canal Building 
New York City (7) 

A. A. Probeck & Company 
50 Church Street 
Philodelphia (6), Pennsyivanio 
The Federal Mochine S 
Welder Co. 

Bourse Building 
Pittsburgh (22), Pennsylvania 
Leonard R. Nourie 
Pork Building 
Seattle (22), Washington 
Sullivan Cassimus Co 
518 E. Pike Street 
St. Louis (B), Missouri 
C. O. Schumacher 
3903 Olive Street 
San Francisco (7), Californio 
Suliivan.Cossimus Company 
651 Folsom Street 
Shreveport (23). Louisiana 
Frederic and Baker 
821 Ardis Building 
Tulsa <3), Oklohomo 
Perry Machinery Co 
325 E Fourth Street 

In Canada 
Toronto (9), Ontario 
Ferranti Electric. Ltd. 

Mount Dennis 
Toronto (Ij, Ont., Canada 
Canadian.Fairbanks-Morse 
26.28 Front Street W. 

in Engiond 

British Federal Welder & 
Machine Co., ltd. 

Dudley, England 

In Fronce 

Corbel Troding, Inc. 

25 Beaver St. 

New York '4), N, Y. 
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Brook, Webster WUlUm (B), 637 Semi¬ 
nary Ave., Rahway, N. J. 

Bnlkiewicz, Marian (C), 419—I5th Ave., 
Newark, N. J. 

Cbuse, Robert Allan (C), 6200 Boulevard 
East, West New York, N. J. 

Crawford, Charles A. (C), 3~15 Hartley 
PL, Warren Pt., N. J. 

Hecox, Colin B. (B), Mapes & Sprowl 
Steel Co., P, O. Box 425, Union,- N. J. 

Helmer, Frederick T., Jr. (B), Mapes & 
Sprowl Steel Co., P. 0. Box 425, Union, 
N.J. 

Henry, Dean J. (B), Gould Ave., No. 
Caldwell, N. J. 

Horseman, K. W. (B), Ransome Machin¬ 
ery Co., Dunellen, N. J. 

House, Robert W. (C), 220 Grace St., 
Rosdle, N. J. 

Maynard, Walter C. (C), 427—6th Ave. 
Lyndhurst, N. J. 

Miller, Charles n, (C), 68 Oak Ave., Ir- 
vin^on, N. J. , 

Moslander, Kenneth D. (B), Apparatus 
Division, Union Carbide & Carbon 
Corp., M6 Frelinghuysen Ave., New¬ 
ark, N. L 

Paterson, Robt. C. (B), Mapes & Sprowl 
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Lap weld seams per HOUR! 


"AIHGRIP" Non-Rototing Cylin¬ 
ders on Resistance Welding 
Machine of the Resistance 
Welder Corp., Boy City, Mich. 
Either end of the "ARGRIP" Non- 
Rotating cylinder can be re¬ 
moved, leaving rest completely 
assembled. 


By equipping this resistance welding machine with EIGHT* 


Production capacity is stepped up, Ample strength is provided by making 

makes lap weld seams on 52S cylindri- the metal of cylinder walls extra thick 

cal containers in one hour!—and qual- —A of an inch, 
ity, uniformity and smoothness of welds 
are improved. "AIRGRIP” Cylinders do 
four jobs: (1) They clamp the work. (2) 

They unclamp it. (3) They lock fixtures. 

(4) They apply welding pressure. 

"AIRGRIP” Cylinders have no tie-rods. 

OTHER ANKER - HOLTH COST pensating Chucks, Lubricating Assem- 
REDUCERS include "AIRGRIP” Chucks blies, 3- or 4-way Air Valves (hand or 
and Rotating Cylinders, Air Operated foot operated), etc. Also Hydraulic 
Collets, Arbors, Mandrels, Drill Press Power Units and Fittings. 

Chucks, 2- and 3-Jaw Finger and Com- 

Representatives in all principal cities. Write for Bulletins. 


"AIRGRIP" Non-Rotating Cylinders speed 
production in many ways. Tell us about 
your machine operations. Our engi¬ 
neers will investigate your requirements, 
make recommendations. 


On this welding machine the 
"AIRGRIP" Cylinders operate in 
pairs because two cylindrical 
containers are welded simul¬ 
taneously. 


Port Huron, Michigan 


2798 Connors Street 


When buying new lathes, specify "AIRGRIP'* Chucks and Cylinders 
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NOT IN SECTIONS 


WICHITA 

Pearson, Alex (B), Garfield, Kan. 
Richardson, E. D. (C), E. D. Richardson 
Mfg. Co., Cawker City, Kan. 

YORK-CENTRAL PENNA. 

Lackey, W. Harrison (B), R. D. 1, Down- 
ingtown, Pa. 


De Smidt, A. L. (B). P. O. Box 8503, Jo¬ 
hannesburg, So. Africa. 

Henry, John (B), P. O. Box 68, Germiston, 
Transvaal, South Africa. 

Jewell, Stuart V. (B), Box 1310 Zone 8, 
Knoxville, Tenn. 

Kenealy, D. (B), P. O. Box 2503, Johan¬ 
nesburg, So. Africa. 


King, Carl Theodore (B), P. O. Box 73, 
Salisburg, So. Rhodesia. 

Lewis, Bradley (C), Whitehouse, Ohio. 
McFarland, Wm. George (B), 10th N. D. 
Hqtrs., &n Juan, P. R., Box L, Navy 
116, c/oF. P. O., New York, N. Y. 
Musto, R. J. (C), Piedras 353, Buenos 
Aires, Argentina. 


Members Re-classified 

During Month of October 


LOUISVILLE PUGET SOUND TOLEDO 

McGrew, WUbur H. (from D to C), 2101 Tapley, R. C. (from D to C), Box 3223, Bersticker, Lloyd (from C to B). 4234 
W. Ormsby Ave., Louisville, Ky. Sheridan Pk., Bremerton, Wash. Templer Rd., Toledo 12, Ohio. 


MILWAUKEE 

Petttshek, Anthony (from C to B), 1734 
South 60th St., Milwaukee, Wis. 

Sem, Joseph (from C to B), 3230 S. 105th 
St., West Allis 14, Wis. 


SOUTH TEXAS 

McDonald, S. F. (from C to B), McDonald 
Machine Shop, Livingston, Tex. 


YORK-CENTRAL PENNA. 

Duncan, Charles (from D to C). 1582 
West King St., York, Pa. 


Adams-Lecture Series 

50 Cents Each 
Order Your Copies NOW! 

In order to honor the Founder and First President 
of the AMERICAN WELDING SOCIETY, the 
SOCIETY in 1943 created a lectureship known as 
The Adams Lecture. The award is made annually 
by the Board of Directors to an outstanding Scientist 
or Engineer, and his lecture presents some new and 
distinctive development in the field of welding. 

1944 Lecture—Pressure Welding by Dr. A. B. 
Kinzel, Vice-President, Union Carbide & Carbon 
Research Laboratories. 

1945 Lecture—Selection of Steel For Welding, 
by Dr. S. L. Hoyt, Technical Advisor, Battelle 
Memorial Institute. 

AMERICAN WELDING SOCIETY 

33 WEST 39»h STREET NEW YORK 18, N. Y. 




The in Arc Welding 

««*your guide to LOWER COSTS 

NEW EIGHTH EDITION "Procedure Handbook of Arc Welding" 
gives you the latest information on all phases of this fast-growing 
process for lower costs and better products. 35 new procedures. 
22 new cost tables. 16 new subjects in Arc Welding design, tech¬ 
nique, application. 

Even if you have previous editions of the "Procedure Hand¬ 
book”, you cannot afford to be without the new. authoritative Eighth 
Edition. This 1312-pagc "bible of Arc Welding” outdates all pre¬ 
vious editions... affords you the assurance of reliable reference data 
at negligible cost. 
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Normalizing of Welds in Carbon- 
Molybdenum Steel Pipe by 60-Cycle 

Induction Heating* 

By D. H. Corey^ and I. A. Rohiig^ 


Summary 

AT the 1943 Annual Meeting of the American 

/% Welding Society a paper* was presented giv- 
i % ing the results of an investigation imdertaken to 
determine the effect of normalizing arc-welded joints in 
carbon-molybdenum steel pipe instead of stress relieving 
them at 1150 to 1250® F. as is the general practice. 
The investigation indicated that norm^zing of carbon- 
molybdentun pipe welds improved the deposited weld 
metal and the adjacent pipe metal that had been affected 
by the heat of welding—the so-called “heat-affected 
area.” 

It was established that the tensile properties of carbon- 
molybdenum. weld metal are not harmfully affected by 
normalizing. Notched-bar tests indicated an improve¬ 
ment in the notch toughness of the weld metal and of the 
pipe metal remote from the weld as a result of the fur¬ 
nace normalizing used in those tests. The notch tough¬ 
ness of the pipe metal affected by the heat of welding was 
initially good and was not changed by normalizing. 
Metallographic examination indicated a very definite 
improvement in the microstructure of the weld metal. 
Of greater importance, however, was the fact that im¬ 
provement was observed in the structure of the pipe 
metal affected by the heat of welding. In this zone, in 
the outer portion of which the most serious cases of 
graphitization have occurred, the original Widman¬ 
statten structure had been re-establish^ (Figs. 6, 7, 8 
and 9). 

The work covered by the 1943 investigation involved 
furnace normalizing of the entire sample, which method 
cannot always be used commercially although it has an 
advantage over local normalizing in that ^ere are no 
large temperature gradients in the material being heated. 
One of the discussers of the previous paper was of the 
opinion that local normalizing of welded joints could not 
be accomplished by induction heating with the conven¬ 
tional 60-cycle equipment, which is the favorite and cer¬ 
tainly the most convenient apparatus for stress relieving. 
Ano^er discusser predicted that if local normalizing 
were adopted the improvement in the structure of the 

• Preaented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, Ohio, 
Oct. 16 to 19, 1944. 

Detroit Edison Company. 

Rohrig, I. A., Corey. D. H., and Crocker, Sabin, "The Effect of Normaliz¬ 
ing on the Properties of Welds in Carbos-Motybdcnum Steel Pipe.” 


weld metal and the adjacent heat-affected area would 
be obtained only at the expense of an undesirable change 
in the structure of the pipe metal on both sides of the sec¬ 
tion heated to full normalizing temperature. The basis 
for this prediction is that in local normalizing a zone at 
each end of the normalized section must undergo heating 
in the lower critical temperature range as was &e case at 
the outer edge of the heat-affected area* during welding. 

As a result of these and other questions arising from 
discussion of the earlier investigation a project was 
undertaken by The Detroit Edison Co. to ascertain: 
(1) whether normalizing could be accomplished with 
present induction stress-relieving equipment, and (2) 
whether undesirable changes in the microstructure wotild 
be produced in the sections of pipe on either side of the 
normalized portion. 

This paper presents the results of tests carried out on a 
14-in. O.D. 0.937-in. wall thickness carbon-molybdenum 
pipe on which local normalizing was accomplished with 
60-cycle stress-relieving equipment, and includes the 
results of a metallographic examination showing the 
microstructure of samples cut from various locations in 
the pipe. 

Briefly, these results indicate that: 

1. Local normalizing can be accomplished in carbon- 
molybdenum pipe by means of a conventional 60-cycIe 
induction weld-stress reliever of sufficient capacity, 
and that only a relatively short time is required to 
reach a nominal temperature of 1725® F. (In this in¬ 
vestigation the norm^izing temperature was attained in 
IV* hr.) 

2. The “heat-affected area” resulting from local 
normalizing is many times wider than &at resulting 
from welding and is of a distinctly different type in that 
it is free of the sharp isothermal gradients that accom¬ 
pany arc welding and with which the most serious cases of 
graphitization have been associated. 

3. Owing to the short heating time, only a thin layer 
of scale (approximately 0.010 inj is formed on the inner 
surface of the hottest section as a result of local normaliz- 
ing. 

* The hezt-affected area resulting from welding is approximately '/t in. wide 
and extends from the border of the fusion line of the weld into the maUkial 
being welded. It is at the low-temperature extremity of the heat-affected 
area (i.e., 1300-1350^ P.. the lower critical temperature, Ai, for C-Mo pipe 
material) that the most serious cases of graphitization have occurred as a 
result of heating in service. 
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Fig. 1—Schematic Diagram for Electrical Circuit of Induction 
Stress Believer 


Description of Tests 

In this investigation, a section of 14-in. diameter, 
Schedule iOO (0.937-in. wall thickness), carbon-molyb¬ 
denum steel pipe approximately 18 ft. long and with¬ 
out a weld was used for test. The pipe had been made to 
conform to the requirements of A.S.T.M. Designation 
A-206; that is, it was of the silicon-aluminum killed 
variety and was coarse grained. It had been hot rolled 
and drawn at 1200° F., and had been pickled to remove 
mill scale. 

A partial chemical analysis, as supplied by the manu¬ 
facturer, for the heat of steel from which the pipe was 
made is as follows; 

Carbon. 0.18% by weight 

Manganese. 0.44% by weight 

Phosphorus. 0.016% by weight 

Sulphur. 0.022% by weight 

Silicon. 0.26% by weight 

Molybdenum. 0.50% by weight 



Fig. 2—Power Transformer and Controller, ISS^Kva Induction 
Stress-Relieving Equipment 


The equipment used to heat the pipe section to nor¬ 
malizing temperature was purchased in 1937 and has been 
in regular use as a stress reliever. It utilizes the prin¬ 
ciple of electric induction heating, using a single-phase, 
60-cycle power supply. Figure 1 is a schematic diagram 
illustrating the principle of the stress reliever and Fig. 2 
is a photograph of the power transformer and control 
equipment. 

The power transformer is a single-phase, air-cooled 
transformer designed for primary voltages of either 
220 or 440 v. The rated capacity is 135 kva. The 
transformer secondary winding is tapped to provide 
secondary voltages ranging from 18 to 192, in steps of 
approximately 4 v. 

Eleven thermocouples were attached to the surface of 
the pipe so that the pipe temperature could be recorded 



Fig. 3—Time-Temperature Current Relation During Normal¬ 
ising 


during heating. Seven were in the section covered by 
the heating coil and four covered a 14-in. length of pipe 
to one side of the coil. After installation of the 
thermocouples, the pipe section to be covered by the 
water-cooled heating coil was wrapped with a double 
layer of Vs-in. asbestos tape to furnish some thermal 
insulation between the coil and the heated pipe in order 
to reduce heat loss from the pipe. A thicker layer of 
thermal insulation was not used for the reason that in¬ 
creasing the separation between the winding and the 
pipe reduces the induction heating efficiency. 

The heating coil, which was energized by the secondary 
of the power transformer, consisted of 43 turns of ^/i-in. 
diameter, Vw-in. wall thickness copper tubing covered 
with woven asbestos tubing. The tubing, or heating 
coil, was wrapped around the pipe in a double layer, 
forming a winding approximately 18 in. in length and 1 
in. in thickness. Water cooling of the coil was pro¬ 
vided, the water flow being controlled so as to maintain 
an exit temperature of approximately 160° F. 

Wood plugs were inserted into the ends of the pipe 
before test in order to prevent circulation of air through 
the pipe and thus perhaps to reduce the scaling of the 
inner surface during heating. 

In ordinary stress-relieving operations, temp>eraturc 
control of the heated section of pipe is automatic during 
the time the pipe is at stress-relieving temperature 
This is accomplished by means of a potentiometer-type 
recorder-controller which is an integral part of the equip¬ 
ment. In this investigation, manual operation of the 
equipment was required, as the normalizing temperaturt 
of 1725° F. was beyond the range of the recorder-control 
ler. All temperatures were measured by the thermo- 
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43 Turns of Water Cooled Copper Tubing 
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Z Layers of ^ Schedule lOO.C-MO 
Asbestos Tape / Pipe, Approx 18’ Long 



Note* Locotion from which probe samples were token, selected on bosis of this curve. 

See figure 5 

Fig. 4—Temperature Gradient Dvuring Normalizing 


couples attached to the pipe and a portable potentiome¬ 
ter-type indicator. 

The time-temperature-current relation diuing test is 
shown by Fig. 3. Slightly over 1 Vi hr. were required to 
reach the normalizing temperature of 1725° F.,* and in 
slightly over 2Vi hr. from the start of the test the current 
was turned off and the pipe permitted to cool. When the 
normalizing temperature was reached, it was necessary 
to reduce die coil current to maintain the temperature 
within the required limits. 

To determine the metallographic structures resulting 

* This temperature is a requiremeot of the apecificatioa prepared by the 
autbore' company covering the fabrication of carbon-molybdenum seamless 
steel pipe. 


from the normalizing test, five probe samples were re¬ 
moved from the pipe at the following temperature loca¬ 
tions as determined by the curve (Fig. 4) prepared 
from the potentiometer readings: (a) 1725° F.; (b) 




H€AT 
AFFECTED 
AREA IN 
SA$iS METAL 


Fig. 6—Carbon-Molybdenum Pipe-to-Pipe Weld in the Af* 
Welded Condition. Etchant 5% Nital—1.5 X 



Fig. 5—14-In. Carbon-Molybdenum Pipe After Local Normal- 
izjng Showing Location of Weld-Probe Samples for Metallo¬ 
graphic Study 




Fig. 7—Pipe Weld After Normalid^ at 1725° F. Note Ab- 
fence of the Heat-Affected Area. £tchant 5% Nital—1.5 X 
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s. 10-15—Metallographic Stnictures Resulting from Normalizing Carbon-Molybdenum Steel Pipe. 

Etchant 3% Nital—100 X 


Fig. 10—Structure of the pipe as received; hot-rolled and dravm at 1200° F. Fig. 11—Heated at 1200° F. 
Fig. 12—Healed at 1300° F.; note that structural change has begun. Fig. 13—Heated at 1400° F. Fig. 14— 
Heated at 1500° F. Fig. 15—Heated at 1725° F. 
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similar to the original hot-rolled structure, was obtained 
(Fig. 15). 

As mentioned earlier, an objection that has been 
voiced to field normalizing of welds has been that the 
heat-affected area would thereby be transferred from the 
area adjacent to the weld to another area away from the 
weld. Although this area was transferred as predicted, 
a significant difference was observed in the character of 
the microstructure resulting from local normalizing as 
contrasted with that resulting from arc welding. The 
most* significant aspect of this difference is that the 
heat-affected area resulting from norm^zing was ap¬ 
proximately 60 times wider than that resulting from 
welding and was free of the sharp temperature differen¬ 
tials and the isothermal lines associated with the in¬ 
dividual weld passes. In particular it should be noted 
that the heat-affected area was entirely free of groin 
boundary transformation such as occurs in the heat- 
affected area of welds in coarse-grained steels, and which 
appears to be the forerunner of the serious "chain” type 
of graphitization. 

The tortuous or irregular type of structure in Figs. 
12 and 13 might be expected to yield nodular graphite in 
random distribution upon heating in the range of 850 to 
1000° F., which is the approximate operating range for 
high-piessure steam generating stations, provide the 
■ steel is such that it will graphitize. However, the nodu¬ 
lar type of graphite is not considered to be serious in the 
same sense as is the "chain” type. 

A further question that might be raised concerning 
local normalizing of welded joints concerns the forma¬ 
tion of scale on the inner surface of the pipe. After test, 
some of the scale was scraped off the inner surface and by 
micrometer measurements was foimd to have an average 
thickness of 0.010 in. The scale could be scraped off 
only in the area that had been the hottest, approximately 
8 in. in length. The scale, owing to its thinness, was 
friable and probably would create no difficulty inside a 
steam line. 

Conclusion 

It has been shown by a preceding investigation that, 
in a carbon-molybdenum pipe-to-pipe weld, a more 
favorable structure in the weld metal and in the heat- 
affected area of the pipe can be produced by normalizing 
than exists in the as-welded or in the stress-relieved con¬ 
dition. 

This investigation has shown, by means of a test made 
tmder field conditions on an 18-ft length of 14-in. diame¬ 


Reviews of Recent Foreign 
Welding Literature 

Editorial Note —The Welding Research Council is 
unable to obtain current foreign welding literature and 
these abstracts are taken from tlie Welding Literature Re¬ 
view published by the Institute of Welding. 

Some Developments in the Hardening op Ferrous 
Alloys. III. MetaUurgia, vol. 30, 1944, May, pp. 
33-37. 

After a brief survey of flame-hardening machines, the 
author describes in detail the Shorter N.3 automatic 


ter. Schedule 100 pipe, that local normalizing of weld 
areas in piping can be accomplished readily by means 
of 60-cycle induction weld-stress-relieving equipment of 
sufllcient capacity. Approximately I'/s hr. was re¬ 
quired to reach a nominal temperature of 1725° F. 

The heat-affected area resulting from local normaliz¬ 
ing is rtiany times wider than that produced by weld¬ 
ing and is free of sharp temperature gradients. Although 
some general graphitization may occur in the new heat- 
affected area, it is highly improbable that the serious 
“chain” type of graphite associated with the isothermal 
gradients of arc welding can be formed. No graphitizing 
tests were made on the pipe after normalizing. 

In view of the favorable results to be obtained from 
the local normalizing of welds, the slight amount of 
scale, approximately 0.010 in. in thickness, that may form 
on the inner surface of the pipe is not objectionable. 


Discussion 

Question: What about the maintenance of "cold 

spring” during normalizing? 

Answer by Mr. Corey: In order to modify the 
effect of expansion and contraction, runs of pipe com¬ 
monly are cut short and sprung into place. Thus when 
the welding is completed and the line still at room tem¬ 
perature, stresses due to cold spring will exist which are 
roughly equivalent to those resulting from constraint 
of thermal elongation of the line in the operating 
condition. Unless steps were taken to prevent it, there 
would be plastic flow in such a line in any circumferential 
band heated to 1725° F. for normalizing. The simplest 
way to prevent such flow and thereby maintain the de¬ 
signed amount of cold spring would be to weld and 
normalize all welds in the line except the final or closing 
weld. A type of rigging which would not interfere 
with subsequent welding and normalizing would then be 
applied to the pipe ends of the closing weld, which 
should be located at a point of low bending stress. The 
pipe ends should then be drawn together to produce the 
designed cold spring, and the riggiUg left in place while 
the joint was welded, normalized ^nd cooled to room 
temperatme. \ 

Such a practice is at present emplo^d by the authors’ 
company, to prevent possible loss of «old spring during 
stress reeving at 1200° F. While it n»y be argued that 
it is an unnecessary precaution whenHhe t^perature 
of the heated band does not exceed 120(jf F., it certainly 
would be required in the case of normalising at 1725° F. 


surface-hardening machine, in which the hfeating and 
quenching are timed with synchronous clocl^ working 
in conjunction with the gas and water vaXves. The 
valves are connected to two special Budenb^g gages, 
which can be set in such a way that the conWcts im¬ 
mediately shut down the plant, if the gas pressure de¬ 
parts from the correct working pressure limits. Ex¬ 
amples are given and illustrated of work carried* out on 
this machine A steel hammer head, section&i^ and 
etched, is reproduced to show the results of the hardening 
treatment. For this the Shorter machine was set^ with 
the object of producing a tempered martensitic struc 'ture 
and at the same time a heating procedure embracifjig a 

{Continued on Page 24-s) ? 
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COMMITTEE ON FATIGUE TESTING (STRUCTURAL) 

OF THE 

WELDING RESEARCH COUNCIL OF THE ENGINEERING FOUNDATION 
SUPPLEMENT NO. 1 TO REPORT NO. 3 

Fatigue Strength of Butt WeHs in 
Oninary Bridge Steel-Maximum 
Stress Compressive 


Summary 

T his senes of tests was planned to give the fatigue 
strength of butt-welded joints when tested on a 
cycle in which the largest stress was compression. 
Four groups of tests were planned with stress cycles as 
follows: (1) zero to compression; (2) compression to 
tension one-fourth as great; (3) compression to tension 
one-half as great; (4) compression to tension three- 
fourths as great. Three specimens were tested on each 
of the above cycles with a maximum compressive stress 
of 32,000 psi. The remaining specimens were tested at 
the stresses necessary to obtain the data for S-N curves 
of the various cycles between 100,0(X) arid 2,000,000 
cycles. 

The findings of greatest interest to designers are the 
following: 

1. For butt welds in ^/s-in. carbon steel plate of the 
quality of A.S.T.M. Specification A7, with carbon not 
over 0.25% nor manganese over 0.70, commercially butt 
welded in accordance with the American Welding 
Society Specifications for Welded Highway and Railway 
Bridges, and in compliance with all the specification re¬ 
quirements for inspection of operators and for work¬ 
manship, whether welded in shop or field, and in any 
position, there may be anticipated, in the as-welded con¬ 
dition, "dependable” fatigue strengths as follows: 

Cycle zero-to-compressioD !N “ 100,000 — (49,500 psi.) 

[N « 2,000,000 - 33,000 psi. 
Cycle compression-to-tensioD jN — 100,000 — 27,600 

one-fourth as great 1— 2,000,000 — 18,400 

Cycle compression-to-tension )N ^ 100,000 — 20,900 

one-half as great \N « 2,000.000 - 14,000 

Cycle compression-to-tension (N ^ 100,000 — 17,700 

three-fourths as great \N — 2,000,000 ~ 11,800 

Cycle compression-to-equal- JN = 100,000 — 16,600 psi.* 

tension (full reversal) \N = 2,000,000 — 11,000 psL* 

2. For butt welds as described under (1) it may 
reasonably be expected that the fatigue strength on any 
cycle in which the maximum and minimum stress are 
both compression, for 2,000,(X)0 cycles, will considerably 
exceed the static yield point of the base material. 

General 

The tests on butt welds subjected to repeated loading, 
summarized in Report No. 3, were all conducted on cy¬ 
cles in which the maximum stress was tensile, this being 

* These vhIucs from Report No. 3. page 2 , Item 2. 


qo* 



Fig. 1—Details of Specimen lot Teats of Butt Welds in V« Carbon 
Steel Plates, Maximum Stress Compressive 


obviously the condition under which fatigue strength 
would be least. After the completion of that Report 
the designing engineers on the Committee pointed out 
that weld stresses based on that Report would probably 
be wasteful in applications where the maximum stress is 
compre^ve, and it was deemed essential to explore this 
probability. The set of tests herein reported was ac¬ 
cordingly undertaken in 1943. 

Details of Tests 

Four groups of tests were planned with stress cycles 
as follows: (1) zero to compression; (2) impression to 
tension one-fourth as great; (3) compression to tension 
one-half as great; (4) compression to tension three- 
fourths as great. Three specimens were tested on each 



Fig. 2—Details of Welding Procedure 
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Tabl« 1—W«lding Proc*dur« for Doublo-V Butt-Woldod 
Joints C/fln- Platw) 

Specimens: No. 43X-1 to 43X-24, Inclusive 

Electrode; Vi«-in. A.W.S. E 6010 
Polarity : Reversed 
Position : Flat 
Volta^ : 2S v. 

Amperes : 200 amp. 


of the above cycles with a compressive stress of 32,000 
psi. The remaining specimens were tested at the stresses 
necessary to obtain the data for S-N curves of the various 
cycles between 100,000 and 2,000,000 cycles. 

Each specimen was made of two plates 12 in. x Vs in. 
X 1 ft. lOV* in., remaining from previously tested butt¬ 
weld specimens. These plates were cut back, machined 
and welded as shown in Fig. 1. The welding procedure 
is given in Table 1 and Fig. 2. 

All welding was performed by a qualified welder from 
the laboratory staff. 

Nine layers were placed for each weld, the first layer 
of the weld being chipped to sound metal before placing 
layer number 3. 

The results of the tests are given in Table 2. The 
stress cycle in thousands of poimds per square inch ten¬ 
sion or compression on the plate is given in col umn 1, 
and the number of cycles for failure in column 2. These 


data were plotted to a log-log scale to determine approxi¬ 
mate S-N diagrams as discussed in Report No. 2. The 
values of the fatigue strength correspKinding to failure 
at 100,000 and at 2,000,000 cycles as thus determined, 
are given in columns 3 and 4 of Table 2, and the location 
of the failure is given in column 5. 

It will be observed from Table 2, that in each of the 
four stress cycles investigated, the maximum stress was 
set at —32.0 in order to observe the falling off in cycles 
endured as the minimum stress was changed to a greater 
and greater tension. This effect is recorded in Table 3, 
which illustrates the extreme difference between compres¬ 
sion and tension in endurance of repeated loading. 

In Fig. 3, the fatigue strengths as calculated for the 
individual specimens of this supplementary series, at 
100,000 and 2,000,000 cycles, are plotted, using a differ¬ 
ence of symbol to distinguish between the two assumed 
numbers of cycles. Also two lines are drawn, representing 
probable “dependable” values of fatigue strength for 
these two numbers of cycles. In Table 4 these “depend¬ 
able” values are tabulated. 

In considering the symbols on the vertical, or compres- 
sion-to-zero line of Fig. 3, it will be realized that the 
2,000,000 value is indefinitely higher than the 33,000 
psi. plotted, and the 100,000 value would be far above 
the yield point of the base material. It will also be recog¬ 
nized that the values on the left 45® line are repeated from 
Report No. 3; the full reversal or tension-to-equal- 
compression tests of the several previous Series serving 


Open Dots o-Calcula+ed Fa+igue Streng+h a+ 100,000 Cycles. 
Filled Dots*- H ... .. 2,000,000 « 
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No tests mademthis quadrant because 

n - 30 

+ represents the c^cle"Compression-to- 
a-Iesser-CompressIoni -For.which Cycle 
Max.is obviously well above the Elastic 
Limit of the material, l.e., Fatigue fail- _ 
ure under non-reversed Compression will 
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Table 2—Fi^tigue Strength of Butt Weld* in 

No. of 

Cycles Fatigue Strength, 
for Fail- Kips Per Sq. In. 

Compression 

Stress Cycle, 

ure in 

n a" 


Location 

Kips per In. 

lOOO’s 

100,000 

2,000,000 

of Fracture 

(1) 

(2) 

(3) 

(4) 

(6) 

-32.0 to 0 

2620.7 


-32.0+ 

At radius 

-32.0 to 0 

6267.2 


-32.0+ 

Did not fail 

-32.0to 0 

4164.6 

Av. 


-32.0+ 

-32.0+ 

Did not fail 

-32.0to+ 8.0 

166.6 

-34.7 


At radius 

-32.0to+ 8.0 

319.8 

-38.6 


Edge of weld 

-32.0to+ 8.0 

466.4 


-26.2 

At radius 

-26.0to+ 6.6 

470.7 


-20.6 

Edge of weld 

-24.0to+ 6.0 

1314.6 


-22.4 

Center of weld 

-36.0to+ 9.0 

92.8 

Av. 

-^.5 

-36.3 

-22.7 

At radius 

-32.0to + 16.0 

49.7 

-29.8 


Edge of weld 

-32.0to + 16.0 

23.7 

-27.7 


Edge of weld 

-32.0to + 16.0 

34.6 

-28.8 


Edge of weld 

-2l.0to + 10.6 

4663.1 


-21.0+ 

No ^ure 

-24.0to + 12.0 

29.9 

-21.3 

Center of weld 

-20.0to + 10.0 

1416.3 


-19.3 

Edge of weld 

-24.0to + 12.0 

693.6 


-21.3 

Center of weld 

-28.0to + 14.0 

420.0 

Av. 

-26.9 

-24.0 

-21.4+ 

At radius 

-32.0to+24.0 

6.1* 



Edge of weld 

-32.0to +24.0 

13.6 

-21.9 


Edge of weld 

-32.0to+24.0 

18.2 

-23.2 


Center of weld 

-24.0to + 18.0 

41.7 

-20.3 


Center of weld 

-18.0to + 13.5 

211.7 

-20.6 


Center of weld 

-13.0to+ 9.76 

1066.6 


-il.8 

Center of weld 

-13.0to+ 9.76 

3418.4 


-13.0+ 

No failure 

-12.0to+ 9.0 

3292.4 


-13.0+ 

No failure 

-16.0to +11.26 

894.1 

Av. 

-21.6 

-12.8 

-12.6+ 

Edge of weld 

* Thia aptcimen waa teated without the guid 

ea to prevent buckling, uaed on 

the other apedmeoa. There waa a great deal of bending in the apedmea, 
warranting the diacarding of the data. 


Tabl* 3— Numbsn of Cirole* EndurodI Undor a Fiaod 
ComproMion and an Incraasing Tanaion 

Stress Cycle No. of No. of Cycles for Failure in Thousands 
Kips per Sq. In. Tests Minimum Average 

—32.0 to + 0 2 4164.6 (no failure)* 4710.9 (no failure) 

-32.0 to + 8.0 3 165.6 313.6 

-32.0 to+ 16.0 3 23.7 36.0 

-32.0 to+ 24.0 2 13.6t 16.9 


* Omitting one which failed away from the weld, 
t See note under Table 2. 


Tabla 4—Dapandabla Value of Fatigu* Strength of Butt 
Welds. Maximum Stress wompressive 

Cycle icro-toKiompresrion / 2 2,OM;oOO - ^IsioOO Jll:’ 

Cycle compression-to-tension \N — lOO.CXX) — 27,600 

dne-fourth as great \N — 2,(XX),(X)0 — 18,400 

Cycle compression-to-tension JN « 100,0(X) — 20,900 

one half as great •• 2,000,000 — 14,000 

Cycle compression-to-tension Jn " 100,000 — 17,700 

three-fourths as great \N — 2,000,000 — 11,800 

Cycle compression-to-equal- jN — 100,000 — 16,600 psi.* 

tension (full reversal) \N >• 2,000,000 — ll,(K)0psi.* 

* These values from Report No. 3, page 2, Item 2. 


equally well as compression-to-equal-tension tests to 
round out the present program. 

No tests on compression-to-a-lesser compression have 
been made, as the results on the compression-to-zero 
cycle show that there would be no failures except at unit 
stresses well above the material yield point. 


Triaxial Tension 


By L. H. Dorrell* 


Introduction 

T he failure of materials under compound stress 
conditions is, of course, a very complicated sub¬ 
ject. However, all the evidence available indi¬ 
cates : that there are two main types of failure, shear and 
cohesive (defined as a true tensile failure due to over¬ 
coming cohesive bonds under tension); that shear fail¬ 
ure depends principally upon the relation between the 
maximum shear stress present and a fundamental physi¬ 
cal property of the material which might be called its 
shear strength; and that cohesive failure depends prin¬ 
cipally on the relation between the maximum tension 
stress present and a fundamental physical property of 
the material which might be called its cohesive strength. 

Other characteristics of the stress condition besides 
the maximum shear stress and the maximum tensile 
stress undoubtedly have some effect; for instance, the 

* Hllsois Institute of Technology, Chicago. 


other principal shear Stresses may have a maximum effect 
of 15% or so on shear failure, and there is evidence that 
the normal stress on the surface on which shear failme is 
occurring has an influence on whether the shear failure 
is plastic or brittle, but these are probably minor factors 
in comparison to those noted. The above remarks apply 
particularly to failure under static load, but it is probable 
that the above factors are also of major importance in 
connection with fatigue failure and creep. 

Under the most common loading conditions, such as 
pure tension or bending of bars, there is a fixed ratio of 
2:1 between the maximum tensile stress present and the 
maximum shear stress present. A “ductile” material is 
simply one having a larger ratio than this between its 
cohesive and shear strengths, so that it fails by shear un¬ 
der such loading conditions, while a “brittle” material is 
simply one having a smaller ratio than this between its 
cohesive and shear strengths, so that it fails cohesively 
under such a loading condition. 
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Fig. 1 


ExperimenUl Difficulties 

It is easy to measure these two strength properties for a 
brittle material, say, by simple tension and compression 
tests, and it is easy to measure the shear strength prop¬ 
erty of a ductile material. It is very difficult, however, to 
measure the cohesive strength of a ductile material, be¬ 
cause loading conditions in which the maximum tensile 
stress anywhere present is more than twice the maximum 


shear stress anywhere are extremely rare and hard to 
produce and control experimentally. 

This does not mean that ccMiditions in which the maxi¬ 
mum tensile stress anywhere is more than twice the maxi¬ 
mum shear stress at that point are rare. This requires a 
condition of triaxial tension at the point, that is, one in 
which the three principal stresses are all tensile but not 
necessarily equal. A condition of biaxial tension where 
the third principal stress is zero is no different from simple 



to 

to iny^er' 
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tension in this respect, because the ratio between the 
maximum tension and maximum shear stresses is still 
2:1. Such conditions of triaxial tension are actually 
very common and failures under these conditions are not 
at ^1 unknown, which is the reason why it is so essential 
to make careful quantitative studies of the behaviors of 
materials under these conditions. 

There seems to be a great misimderstanding, however, 
of the real nature of the difficulties lying in the way of 
such studies. The difficulty is not to produce a state of 
triaxial stress, because this is very easy, and there is, 
therefore, little point to elaborate schemes which have 
been proposed for accomplishing this. Probably the 
simplest way to produce it is to subject a rather deeply 
grooved round specimen to tension, which produces a 
triaxial tensile condition sufficient to cause cohesive 
failures in most ductile materials. 

The real difficulty lies in interpreting quantitatively 
the results of such tests, because of the complicated and 
unknown stress distribution which exists when failure 
occurs. It is not merely a matter of elastic stress con¬ 
centration, which could be attacked by well-known 
methods. The trouble is that, while there is one point 
where cohesive failure can occur, there are other neigh¬ 
boring points where yielding will occur first. Eventually, 
a cohesive failure occurs, but not until so much yielding 
in other places has occurred that the stress distribution 
probably no longer bears any resemblance to what it 
would be under dastic conditions. 

This condition wotdd be even worse with most of the 
other methods which have been proposed for producing 
triaxial tension. Even in the case of the sudden cooling 
of a sphere, the elastic analysis (see Timoshenko's 
Theoiy of Elasticity, 1st ed., p. 378) shows that t^he 
maximum tensile stress at the center of the sphere, far 
from being more than twice the maximum shear stress 
(which occms at the surface), is actually only 0.77 times 
this maximum shear stress. . 

Suggested Methods of Approach 

Considering these difficulties, three possible lines of 
attack suggest themselves. The first and most promising 
is to try to design a specimen which will remain sub¬ 
stantially elastic up to the instant of cohesive failure. 
Figure 1 shows a section of an ordinary grooved round 
tension specimen, and the probable lines of tension fiow 
and stress distribution across the neck. Due to the 
curv'ature of the outer tension flow lines, a radial com¬ 
ponent is required for equilibrium of elements such as 
shown, creating a radial tension which is zero at the 
outside and rises to a maximum at the center. However, 
even if the axial stress at the outside were the same as 
at the center (and it is actually much greater), yielding 
would occur at the outside, due to the axial and tangen¬ 


tial stresses there, long before a cohesive failure would 
occur at the center. 

Now if the stress at the outside were kept down to a 
value a little below what would cause yielding, and 
made to increase toward the center at a rate which 
would keep it below the yielding condition anywhere, as 
suggested by the dotted lines. Fig. 1, there would still 
be a radial stress, although it would not be as great as 
before. Rough calculations show, however, that a co¬ 
hesive failure could probably be obtained at the' center 
imder such conditions before any yielding would take 
place. The stress distribution, and, therefore, the stresses 
at the point where cohesive failure occurred, could then 
be definitely determined by usual theoretical or experi¬ 
mental methods. A possible method of producing such 
a stress distribution across the neck of the specimen is to 
slit the ends of the specimen into sectors and subject 
each sector to radial tending, so as to reduce the stress 
at the outside of the specimen and increase it at the 
center. Figure 2 suggests how this might be carried out. 
Such a setup would obviously be adaptable to fatigue 
testing as well as static testing. A further advantage 
would be that the stress distribution, being elastic, 
would be the same for all materials, so that once such a 
method were developed it could be applied to many 
other materials without further difficulty. 

The second possibility is to use an ordinary deeply 
grooved tension specimen, and attempt to determine the 
stress distribution across the neck at the instant of ap¬ 
pearance of a. cohesive failiu-e by all the means avail¬ 
able, such as plasticity theory, strain measurements on 
the surface and measurements of residual stresses in 
similar specimens whose loading has been stopped just 
short of this point. Such a method is sure to yield some 
results even though the accuracy may not be very high. 

It would also evidently be possible to subject such a 
specimen to repeated stress cycles, in which practically 
ail the plastic fiow would occur during the first cycle and 
hence ^e stress distribution would ^ the same as in a 
static test. Fatigue cracking would probably not occur 
first at the center, but at least some delimitation of the 
conditions for fatigue cracking might be obtained. 

The third possibility is by use of a bimetallic sphere 
such as proposed by Mr. Manjoine, the outer material 
being stronger than the inner and the thermal expansion 
properties of the two materials being such as to produce 
the desired results at a constant temperature. It might 
be better to make the inner sphere somewhat larger than 
shown by Mr. Manjoine so that the joint would be sub¬ 
jected to a smaller tension, and to make the outer part 
in the form of two hollow hemispheres, the joint be¬ 
tween them being subjected to compression. However, 
the experimental difficulties of obtaining reliable quanti¬ 
tative results would seem to be very great, and the possi¬ 
bilities, in the way of materials which could be tested, 
very limited. 
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Flash-Butt Welding—Welding 
Technique and Variables in 
Welding Low-Alloy Steels* 


By j. j. 


T he fabrication of joints in low-alloy steels by 
the use of the flash-butt welding process is not a 
new, but a continuing development. A number 
of fabricators have been successfully welding low-alloy 
steels for several years The simplicity of the process is 
evident when it is considered that many present fabrica¬ 
tors had no previous experience with flash-butt welding. 

The use of an alloy steel in a structure implies that the 
Unit stresses used for design purposes will be greater than 
in a similar structure made of mild steel. It follows that 
welded joints must correspondingly stand higher stresses 
than a welded joint in mild steel. As the ability to stand 
higher unit stresses in the parent material is increased by 
heat treatment, the quality of the welded joint must in¬ 
crease. The fl^h-butt wdding variables must be care¬ 
fully controlled as the heat-treated tensile strength ap¬ 
proaches levels of approximately 185,000 psi. The 
human element can possibly be the greatest variable in 
the flash-butt welder process. For this reason, it is to be 
expected that low-alloy steels would be welded most suc¬ 
cessfully on automatic^y controlled welders. 

The chemical composition and physical properties of 
low-alloy steels may cause the steel to harden rapidly in 
the weld zone or to weaken in the weld zone because of 
the loss of the effects of cold working. The quenching 
effect can become so drastic that cracking may result 
no precautions are taken. This cracking can be elimi¬ 
nated by reducing the cooling rate after welding. The 
application of preheating or postheating accomplishes 
this function. R-eheating is the operation which raises 
the temperature of the work pieces before the flashing 
action starts. Two methods of preheating are in current 
use. In one method the work pieces are butted together 
such that the passage of an intermittent current across 
the faying surfaces will cause heating without either ex¬ 
pulsion of particles, or partial welding of the faying sur¬ 
faces. In the second method the power is continually 
supplied to the welder and the work pieces moved back 
and forth. The faying surfaces are butted together and 
opened a number of times until the attempt at further 
butting causes the flashing action to start. Postheating 
consists of passing a heating current through the welded 
joint for a short period of time after the weld proper is 
made. 

Normally, steels with carbon contents up to 0.60% 
can be welded without cracking and without using pre¬ 
heating or postheating, provided the section at the weld 
zone is approximately 1 in. in diameter. The need for 
preheating and postheating in flash-butt welding is lim¬ 
ited for metallurgical correction. It is an available tool 
which has not found wide use up to the present time due 
to the small number of applications where it is needed. 

* Preaeatcd at the Twentj-Pifth Annual Meeting. A.W.S., Cleveland, Ohio. 
Oct. Ifl to 19, 1944. 

f Welding Engineer, The Tajlor-Winfleld Corporation, Warren, Ohio. 
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It is present practice to increase the forging force per 
unit area of the welded section when welding low-alloy 
steel beyond that used in welding mild steel. The ma¬ 
terial presented in this article does not indicate that such 
a practice is or is not desirable. The point will not be 
debated because of the lack of formal evidence over a 
large range of section sizes and range of welder capacities. 

Flashing Action 

The flashing action is that portion of the flash-butt 
welding cycle in which the work pieces are heated to be 
subsequently fused together during the forging action. 
For optimum weld quality the work pieces must attain a 
proper depth of pl^tic zone of the correct degree of 
plasticity. If these two factors could be measured di¬ 
rectly, it would avoid the necessity for interpretation and 
correlation of indirect measurements to judge the degree 
of plasticity and depth of plastic zone. 

Nahure of the Flashing Action 

The heating during the flashing action is primarily of 
the resistance type which classifies flash-butt welding as 
one of the processes included in the general category of 
resistance welding. The resistance type of heating is 
caused by two effects. The first effect is the beating 
caused by the electrical current passing through the sec¬ 
tional area of the work pieces beHnd the faying surfaces. 
This generation of heat in the work pieces is secondary. 
The second effect is the heating loc^zed at the fa 3 dng 
surfaces which furnishes the primary heating for welding. 
When two work pieces are brought together, a number of 
tiny contacts will be made. The passage of an electrical 
current through these contact points will cause the metal 
contained in t^e contact portion to heat. A metal bridge 
of varying resistance throughout its length is fonn^. 
The same current value must pass through the bridge 
and as the heating effect can ^ expressed as PR, the 
part containing the greatest value of R (resistance) will 
have the most heat generated in it. As the bridge heats, 
the metal contained in and around the contact zone 
reaches the molten state. When the cohesive forces of 
the metal contained in the now liquid bridge become 
less tha n the magnetic forces acting on the particle con¬ 
tained in the bridge, the bridge ruptures and the particle 
flies off in the incandescent state. The force of gravity is 
negligible as particles seldom fall into the secondary cir¬ 
cuit loop. In flash-butt welding a number of bridges are 
formed and ruptured simultaneously and within very 
short intervals of time. The time of heating to rupture of 
a bridge is of the magnitude of one millisecond. 
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The above theory of heating excludes the possibility 
of an arc existing in the flashing action except at certain 
intervals. If the heating was confined to one metal 
bridge, the rupture of this bridge would cause the second¬ 
ary circuit to open. If the rupture occurs at any in¬ 
stant other than that at which the secondary current is 
passing through its zero value, an arcing effect must 
occur. The secondary circuit contains inductance which 
contains an amount of stored energy equal to PLf2. 
This energy must be dissipated in the heating of the 
secondary circuit resistance and in the arc which is 
formed as the sole bridge ruptures. 

When the heating is taking place through several metal 
bridges and one metal bridge ruptures, an arcing effect 
should not occur. The shunting effect of the remainder 
of the metal bridges should prevent the buildup of a 
high transient voltage between the faying surfaces and 
also offer a comparatively low impedance path for the 
current to flow over. 

I 

Energy Input During the Flashing Action 

It is conceivable that the metal bridges could be raised 
to the rupturing state in varying lengths of time by 
changing the level or magnitude of energy input. The 
level of energy input affects at least two factors. The 
first major factor is the depth of the craters formed in 
the flashing action. Figures 1 and 2 illustrate pictorially 
the depth of craters using two levels of energy input. In 
order to evaluate the depth more easily, pictures were 
made of the same work pieces through different planes 
formed by removing part of the metal at the flashed sur¬ 
faces in successive stages. The dimension indicates the 
amount removed from each piece. These pictures are 
evidence of the general axiom that deeper craters are 
formed when the level of energy input is high. The level 
of energy input may be considered as varying with the 
square of the secondary voltage or current. 

The second majoi factor is the variation of the slope 
of the temperature gradient and the actual temperature 


distribution in the weld zone. Figure 3‘ illustrates the 
temperatiu’e distribution of welds made at three levels of 
energy input. While the effect of tfie level of energy input 
is obscured because part of the heating has been added 
by preheating, as well as flashing, nevertheless, the gen¬ 
eral trend indicates that low levels of energy input result 
in the work pieces reaching higher temperatmes. 

This effect can be explained by considering the metal 
bridge theory of flashing. As the level of energy input 
is raised, the volume of the incandescent particles that 
are expelled is increased. Normally the higher level of 
energy input is accompanied by an increase in the rate of 
energy input to make the flashing action continuous. 
The end result is an increase in the number of bridges 
ruptured per second. As the ruptured bridges expel in¬ 
candescent particles, some of the energy is thrown away. 
Much of the heat that remains is that concentrated at 
the ends of the metal ridges. These points of high tem¬ 
perature cause heat to dissipate into the work pieces 
proper. If a.large number of bridges are ruptured per 
second, the heat concentrated at the end points of the 
first wave of bridges is expelled in the form of a successive 
wave of bridges before much heat flow can take place 
into the work pieces. 

While the level of energy input is primarily determined 
by a combination of secondary voltage and the secondary 
current produced by it, the rate of energy input is based 
on an additional factor. This factor is the velocity of 
the work pieces. The velocity is not constant during the 
flashing action and is varied by the shape of the flash-off 
cam. The actual velocity of the platen or work pieces at 
any point is determined by the contour of the flash-off 
cam and the velocity at which the cam is moving. 

The contours of several flash-off cams used successfully 
for production parts is shown in Fig. 4. The contours of 
these cams are not necessarily simple, continuous mathe¬ 
matical functions- The contours in several cases were 
determined by measuring the platen motion when manu¬ 
ally controlling the flashing action by an experienced 
operator. An experienced operator can provide the cor¬ 
rect motion to the platen to *make the flashing action 



Fig. 3—Temperature Distribution at Different Times During the Flashing Period When Welding Mild Steel 

Bars 118 In. in Diameter 


Condition A 


Condition B 


Condition C 


Peak power, kw. 

17 

27 

37 

Preheat time, sec. 

57 

15 

10.5 

Flashing time, sec. 

60 

46 

35 

Flash-off, in. 

0.58 

0.71 

0.88 

Av. rate of flash-off, in. per minute 

0.58 

1.5 

2.5 
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continuous by just the feel of the operating lever and the 
sound and appearance of the flashing itself. 

The cam contour indicated by Curve A, Fig. 4, is the 
general type used to weld flat stock when the ratio of 
perimeter to area is large. Curves B and C are the con¬ 
tours used for tubing in the smaller diameters. Curves 
D and E are the contours used for welding compact sec¬ 
tions, such as solids, squares and thick wall tubes, in 
which the ratio of perimeter to area is small. 

All the contours of the cams shown in Fig. 4 are based 
on completely automatic operation of the welder. For 
this reason the initial cam rise is slow in order to allow 
the flashing action to even out along the abutting faces of 
the work pieces before the rate of energy input is in¬ 
creased by more rapid movement of the platen. The 
final cam rise is comparatively fast to decrease to a 
minimum the time that the high-temperature surfaces 
will be exposed to the atmosphere immediately before 
the upset period. Such a precaution is necessary if oxidi¬ 
zation of the high-temperature surfaces is to be mini¬ 
mized. 

Electrical Considerations in the Flashing Action 

The heating of the work pieces is principally produced 
by the heating of metal bridges. The metal bridges are 
heated by the passage of the electric current. The heat¬ 
ing of any particular bridge takes place in a fraction of 
the normal 60-cycle frequency wave. An examination of 
a sinusoidal cturent wave in which the averaging period 
has been cut from 0.01665 sec. to 0.000695 sec. is illus¬ 


trated in Fig. 5. An investigation of this figure indicates 
that most of the energy furnished by the current wave 
will occur in that portion of the wave in which the cur¬ 
rent is passing through its maximum value. If such is 
the case, it is to be expected that most of the metal 
bridges will rupture during this portion of the input cur¬ 
rent wave. This is found to be true. Figure 6 contains 
an oscillogram of the load voltage or the voltage across 
the work pieces and the primary welding current during 
the flashing action. If the assumption is made that the 
load voltage and secondary current are in phase, the 
shape of the load voltage curve and the secondary current 
curve will be similar. It is noticeable that the peaks of 
the load voltage wave are distinctly irregular indicating 
evidence of the expulsion of a number of incandescent 
particles during these periods. 

The fact that the energy input varies continually by 
the nattue of an alternating current is one of the con¬ 
tributing causes for the variation in depth of craters 
formed during the flashing action. 

The natural time variation of the current wave be¬ 
cause of its alternating nature is further influenced by 
change in secondary circuit impedance. The possibility 
of examining the current variation in the flashing action 
from a study of electric circuit theory is practically im¬ 
possible if accurate calculations are desired. If the sec¬ 
ondary voltage at the terminals of the transformer is 
assumed unaffected by change in secondary amperes and 
the inductance and resistance of the secondary circuit is 
assumed constant, and the impedance of the contact 
points is primarily resistance, the fundamental circuit 
equation becomes X.(dt/d0 + Rif{t)i Ri = e{t). 
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As the work piece resistance Ri due to flashing is a 
function of t (time) and not a periodic or known function, 
a solution to the equation could only be made by assum¬ 
ing a function of the variation of Ri with t. 

If the two work pieces are assumed contacting by one 
metal bridge Via in* in diameter and •/« in. long, the re¬ 
sistance across the work pieces will be 143 X 10“* ohms 
at 20° C., and 1580 X 10“« ohms at 1500° C. The in¬ 
crease in resistance is marked with increase in tempera¬ 
ture. 

Examination of the flashing ctirrent wave taken on an 
oscillograph shown in Fig. 6 indicates the drastic changes 
in ciurent magnitude in any half cycle. The changes in 
instantaneous currents are reflections of the change in 
circuit impedance by continuous rupture of old metal 
bridges and the formation of new ones. 

Because of the short interval of time, transient effects 
in current action are important. The transient effects 
can be investigated if a simplified circuit is used. The 
circuit constants are selected from a flash-butt welder 
with a very small secondary loop area to decrease the 
impedance of the loop. 


B* SS*IO-* 


itrL* f09»/0‘* 


Ri = 900 X 10"® ohms. 



This value is selected to typify a metal bridge. Tb« 
condition when switch a is closed just as the ^pHed 
voltage wave goes through its maximum po^tive valu< 
decreasing is examined. 


Z. = (900 + 65) X 10-« -l-il09 X lO"* = 

962 X 10"»/6.5= 


r _ 


962 X 10-V6.5 


= 8330/-6.5' 


The general solution is: 

N 


iW = i. + «,«) = I + 


Time in Milli¬ 
seconds After 

Steady 

Transient 

Actual 

Closure 

State 

Component 

Current 

0 

8330 

-8330 

0 

0.1 

8330 

-6040 

2390 

0.2 

8330 

-4330 

4030 

0.6 

8330 

-1810 

7735 


Solutions for two other conditions are shown in Fig. 7. 


One important factor is revealed from the past drcii 
analysis. When switches a, b and c-were clos^ and th^ 
switch a was suddenly opened without arcing, the toti 
current in the circuit was 20,550 amp. at this install 
Each resistor Ri has 6850 amp. flowing in it immediate] 
before opening switch a. As soon as switch a opens, U 
cturent through the two remaining resistors Rt mn 
change to 10,285 amp. The voltage across the Uxh 
resistors Ri changes from 2.05 to 3.08 v. across two d 
sistors Ri, or in other words, the load voltage has soi 
denly increased. Such an action does take place in ii 
actual flash-butt welding process and is illustrated : 
Fig. 6 showing the rise in voltage across the work pieo 
near the peak of the voltage wave when the heating ai 
expulsion of particles are most likely to exist. 


The Flashing Action as Observed from Measuremeo 
of Electrical Quantities 

The application of electrical meters to measure son 
of-the variables during flash-butt welding is a compar 
tively new field. At this time it has not been possible I 
measure small differences in weld quality by interpret 
tion of normal meter records. However, improp 
welder operation can be easily deduced by a study i 
recording meter records, 

Flashing Current 

The first quantity that is normally desired is a rtcoi 
of the secondary current. Because of the size and co 
of a proper current transformer and the general inaccess 
bility of the secondary circuit, the primary current 
measured instead. Two methods are readily avaiUb 
for measuring the primary current. One method is tl 
oscillograph. Oscillograms of several primary currei 
waves are shown in Fig. 6. The irregular wave fon 
occurs during flashing; the regular wave form durin 
upset. The other method is the recording ammeter. < 
recording of primary current is shown in Fig. 8. Th 
record has b^n replotted from an actual current trac 
to indicate magnitude at a constant differential. 

The oscillographic record indicates the extremely b-ij 
hazard wave form of the primary current and emphasixc 
the impossibility of evaluating the effective current ove 
a large number of cycles without recourse to elabirai 
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PLATEN TRAVEL AND PRIMARY CURRENT 



START OF UPSFT TRAVEL 


WELDING l“DIA. C.R. STEEL 


PRIMARY 

CURR^T 


lA/ELD/NG rOiA, &AE.‘^f30 


Load voltage 


PLATEN TRAVEL AND PR/MARY CURRENT 


Fig. 6 


mathematics or graphical analysis. The additional factor 
that successive oscillograms of the same welding condi¬ 
tion may indicate marked deviations from the carefully 
analyzed wave makes such an analysis valueless even for 
laboratory work. 

While oscillograms of. primary current during flashing 
cannot be successfully used for evaluation of the heating 
value of the current, the oscillograms do furnish worth¬ 
while information. From an oscillogram it is possible to 
tell the degree of continuity of the flawing action. When 
the current falls to zero, it is obvious that flashing must 
have stopped during that period of time. Therefore 
steady flashing action must produce a primary current 
wave that is free of dead periods. The period of time 
immediately before upset is a critical one in the welding 
action. It is very important that the current flow does 
not cease during this interval of time. It is equally im¬ 
portant that the butting action does not start until the 
platen starts the upset motion. Both of these effects 
allow the flashing surfaces which are at high temperature 
to start to oxidize before upset starts and closes the flash¬ 
ing gap. 

The primary current wave as illustrated on recording 
ammeter allows a possible estimate of the heating cur¬ 
rent. It is still not an easy process as reference to Fig. 
8 indicates. The record of primary current will indicate 
uncontrolled butting during the flashing action. This 
type of action causes the magnitude of current to in¬ 
crease drastically which seriously changes the heating 
performed during the flashing period. 

Figure 8 includes a wattmeter trace which is measur¬ 


ing the energy input while flashing. The trace is as irregu¬ 
lar as the flashing current but of similar shape. The gross 
irregularity of the current wave in the first 20 sec. ^ows 
the effect of a high level of energy input and a low ve¬ 
locity of the work pieces with respect to each other. 
When the level of energy input is lowered and the ve¬ 
locity of the work pieces increased, the current recording 
becomes more uniform. A cam similar in shape to con¬ 
tour i? of Fig. 4 was used and it is noticeable that the last 
portion of the current recording seems to have a shape 
similar to the cam contour. This is a normal condition 
for the correct combination of the level of energy input 
and the proper flashing time. If the current wave has a 
shape similar to the cam contour, it means that the 
effective value of the current is related to the velocity of 
the platen independent of the secondary voltage. Tliis 
factor is further evidence that the theory of resistance 
heating in the form of metal bridges is more nearly the 
true action than an arcing phenomenon. 

Secondary Voltage and Load Voltage 

The value of secondary voltage is an important vari¬ 
able in welding technique, but equally important is a 
knowledge of the impedance of the secondary loop so 
that the secondary current produced by the secondary 
voltage can be determined. With such information the 
available energy input that can exist in the work pieces 
may be calculated. Figure 9 illustrates a record of second¬ 
ary voltage at the terminals of the transformer and a 
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record of the load voltage or the voltage across the work 
pieces replotted from an actual recording. Such a record 
indicates that while the load voltage falls sharply on 
butting, the secondary voltage is not seriously affected. 
This factor indicates good transformer regulation. If the 
flashing action is fairly steady, the curve of load voltage 
is steady. If the secondary loop impedance is low, the 
load voltage will be nearly equal to the secondary voltage 
when the flashing action is continuous. 


Procedure for Setting Variables That Control the 
Flailing Action 

The amount of metal that is to be lost during flashing^ 
in order to heat the work pieces for welding is generally 
considered a function of wall thickness in tubing or area 
of weld surface. As tubing is generally manufactured in 
standard sizes, a combination of area of weld surface and 
wall thickness is established. The charts indicated in 
Figs. 10 and 11 represent the dimensional allowances for 
welding. These charts indicate the values for a number 
of weld variables. The material represented is a compos¬ 
ite of the data submitted by several manufacturers 
based on actual experience. No inference should be 
made that the variables represented cannot be changed 
and still allow high-quality welds to be made. 

All allowances are based on wall thickness with the 
assumption that heat flow and absorption are controlled 
more completely by this factor than any other single 
dimensional factor. 

After the dimensional allowances have been estab¬ 
lished, the proper type of cam contour is selected de¬ 
pending on the geometry of the welded section. The 
flashing time is selected from Fig. 10 or Fig. 11. A gen¬ 
eral chart cannot take account of all t)q>es of low-sdloy 
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steels. If the steel being welded has unusually low ther¬ 
mal conductivity, the flashing time is increased. This is 
a matter of experiment which at the present time cannot 
be put into precise mathematical terms. 

■^Tien the flashing time has been selected, the value of 
secondary voltage is adjusted until the flashing action is 
continuous during the last portion of the flash-off period. 
The lowest value of voltage that will maintain consistent 
flashing should be used. 

While cam contours are established with the basic as¬ 
sumption that a single secondary voltage will exist dur¬ 
ing the flash-off period, in many cases on automatic 
welders it will be almost impossible to select a value of 
secondary voltage that will give a steady flashing action 
along the last portion of the cam contour without caus¬ 
ing uncontrolled butting (pieces not flashing but heating)_^ 
to exist for indefinite periods during the first portion of i 
the cam contour. There are two remedies available for 
this condition. One is to bevel the work pieces to help 
ease the diflBculty of starting the flashing action. The 
second remedy is to start the flashing action at a high 
secondary voltage and switch to a lower value of voltage 
after the flashing action has been adequately started. 
To perform this function the welder must be equipped 
with dual voltage control. On certain sections as indi¬ 
cated by the charts, a combination of both beveling and_ 
using dual voltage is desirable. 

The above procedure is suggested if high-weld quality 
is desired. However, in some cases high-weld quality 
may not be necessary. In these cases part of the above 
procedure can be modified in order to gain certain effects 
which simplify the over-all production problem. If flat 
sheets are to be welded, the admission of current from 
the bottom dies will cause nearly all the flash to accumu¬ 
late on the top surface of the work pieces away from the 
secondary loop. It is assumed that the work pieces or 
sheets are laid horizontally on a flat top welder. For the 
same reason, when welding tubing, the current distribu¬ 
tion should be made as equal as possible between the two 
dies contacting each work piece. 

Before passing from a discussion of the flashing action 
to the second fundamental action of the flash-butt weld¬ 
ing process called the upsetting action, another factor 
should be considered. \\^en welding tubing, flash accu¬ 
mulates around the inside diameter. This flash build-up 
becomes quite heavy in some instances and has the effect 
of increasing the wall thickness. If satisfactory results 
cannot be attained by using the dimensional variables 

1945 


selected from Fig. 10 based on the original wall thickness, 
a new set of variables should be selected based on the 
wall thickness formed from the original wall thickness 
and the increase in wall thickness caused by the build-up 
of flash. 


The Nature of the Upsetting Action 

The flashing action is used to heat the work pieces. 
The upsetting action is used to forge and fuse the work 
pieces. In the upsetting action the two work pieces arc 
forged together expelling the molten metal and enough 
of the plastic metal to close all craters formed during the 
flashing action and expel oxides or other chemical im¬ 
purities, The forging action has two main variables; 
one, is the velocity with which the two work pieces move 
toward each other; the second, is the force being applied 
to the work pieces to cause forging, called the upset 
force. The upset force is a diflicidt variable to measure 
directly. The simplest quantity to measure or estimate 
is the platen force which is the force applied to the mov¬ 
able platen. This force is supplied by the mechanical or 
hydraulic system of the welder. 

Platen Force Versus Upset Velocity 

The specifications of flash-butt welders include a 
value of maximum platen force. In hydraulic systems 
this value ts based on the maximum allowable oil pres¬ 
sure in the upset cylinder multiplied by the effective area 
of the upset piston. This force is based on a static char¬ 
acteristic, but upsetting is a dynamic action. Being a 
dynamic action, the platen force must be considered 
jointly with the upset velocity produced by the force. 
The type of welder equipped with a hydraulic system to 
furnish the force for upsetting allows the simplest investi¬ 
gation of the manner of interdependence of upset velocity 
and platen force. If a welder is going through its me¬ 
chanical action and is upset without forging work pieces, 
the platen force is used to overcome friction and acceler¬ 
ate the platen. If the working oil pressure is 1000 psi, 
and a sudden change in volume of the hydraulic system 
occurs because of upset piston movement, the oil pressure 
will immediately fall imless some device can immediately 
supply the additional oil volume necessary to keep the 
oil pressure at 1000 psi. The movement of the upset 
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piston takes place because of the oil flow into upset 
iylmder. During free upset, the velocity of. ^e platen 
is determined almost entirely by the rate at which oil can 
flow into the upset cylinder. The platen force and the oil 
pressure producing it be established by the resistive 


force of friction and the force to accelerate the platen. 
If the hydraulic system is so constructed that the oil 
pressure exists on both the pushing and exhaust sides of 
the upset piston during the flashing action and at the 
start of upsetting the oil is suddenly exhausted from the 
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Fig. 10—Flash-Butt Welding of Tubing and Flat Sheets of Low and Medium Forging Strength Steels 
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Fig. 11—^FlasH-Butt Welding of Solid Round, Hex, Square and Rectangular Bars of Low and Medium Forging 

Strong^ Steels 

NOTE: The above values apply only where the ratio of the maximum to minimum cross-sectional dimension 

does not exceed 1.5 to 1.0. 
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force to forge depends not only on 
iOrce due to the plasticity of the work 
also on the time the force is applied or on the 
velocity. If the rate of flow of oil is slightly re- 
icted, the platen force will be diminished because the 
time of application is increased. 

If the work pieces are further increased in size and 
flashed such that the resistive force due to plasticity is 
slightly less than the maximum upset force that the 
wdder can develop, the platen force will reach its maxi¬ 
mum value and will produce a certain upset velocity. 
However, if the flow of oil is restricted slightly, reducing 
the upset velocity, the platen force will not change. 

The factors of platen force and upset velocity hjtve 
been discussed at some length in order to point out the 
fallacy of believing that platen force (rated under static 
conditions) is the principal factor in upsetting. The 
ability of a hydraulic system to supply the platen force 
(again rated under static conditions) does not mean ade¬ 
quate upset velocity will necessarily be produced. 
Hence, poor welds can be made even with plenty of 
static platen force because the dynamic characteristic of 
application of the force is not satisfactory. The simplest 
system to generally insure proper application of the 
platen force is to use an air or spring-loaded accumulator 
which acts as an infinite capacity pump. 

Upset velocity should not be decreased during upset¬ 
ting by purposely restricting oil flow. For any given 
size of welder it is advisable to adjust the controls so that 
the maximum platen force can exist. The work pieces 
being welded will automatically determine how much of 
the platen force is used for forging. A positive stop 
checks the platen motion at the end of the upset di¬ 
mension. 


Upset Velocity 

There is some controversy over the necessity for reduc¬ 
ing the upset velocity in specific instances, but in any 
work performed in the laboratory in The Taylor-Winfield 
Corporation over a period of years, no case has been ever 
noted where it was necessary to decrease the inherent 
welder upset velocity to obtain optimum weld quality. 
However, on several occasions it has been found that 
insufficient upset velocity has caused poor welds. The 
necessity for sufficient upset velocity is not based on the 
rate of forging of the plastic metal, but rather on reduc¬ 
ing to a minimum the time the high-temperature surfaces 
to be joined can oxidize between the end of flashing and 
the beginning of upset while the flashing gap is being 
closed. 

The inherent upset velocity that can be developed by 



Fig. 12—Variation of Upset Velocity with Upset Distance 
Measured During Upset. Flash-Butt Welding 1-In. Diameter 
Cr Steel and S.A.E. 4130 Ste^ 


a flash-butt welder will depend on the physical size of the 
welder and the nature of the platen force. Platens on 
welders capable of developing 30,000 lb. maximum platen 
force will attain greater velocity during upset than those 
on welders capable of developing 200,000 lb. platen force 
because of inherent constructional difficulties. The in¬ 
herent free upset velocity figures will vary from 500 in. 
per minute on small welders to 200 in. a minute on large 
welders provided proper hydraulic systems with acciunu- 
lators are used and within this range high-quality welds 
should result. 


Measurement of Upset Variables 

Measurements of the variation of upset velocity with 
upset distance is shown in Fig. 12. This chart was 
plotted from a similar oscillogram to that indicated in 
Fig. 6. In order to measme the upset velocity, a commu¬ 
tator type of slide wire was used. The space differential 
was mechanically fixed at a certain distance between 
bars. The passage over one of these space differentials 
was indicated by a change in voltage applied to the 
oscillograph element. By measuring riie time necessary 
to travel the distance covered in the space differentials, it 
is possible to calculate the average velocity for this incre¬ 
ment of the total upset distance. 

Measurement of the variation of oil pressure in the 
upset cylinder with time is shown in Fig. 13. The varia¬ 
tion of oil pressure was measured with a rapid acting 
steam engine indicator mechanism. Figure 13 indicates 
the variation of platen force during ^e upset period. 
The momentary increase in platen force to accelerate the 
platen falls as soon as movement of the platen or upset 
piston increases the volume of the hydraulic* s 3 rstem to a 
value slightly greater than the ability of the system to 
supply oil. When a resistive force is present again, or 
when the oil flow catches up with the upset piston, the oil 
pressure builds up again. Once more the inertia of the 
platen moves the upset piston more rapidly than the 
normal oil flow. After this drop in oil pressure, the re¬ 
sistive force of the work pieces causes the platen to move 
forward with practically constant platen force applied. 
The corresponding variation of upset velocity is shown in 
Fig. 12. From the force curve variations, the variation 
in velocity should show a period of increase in velodty, a 
period of constant or possibly decreasing velocity, a 
period of increasing velocity, a period of constant or in- 
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Fig. 13—Variation of Oil Pressure and Platen Force in Upsetting Action. 


Welding 1-In. Diameter Steel 



creasing velocity depending on plasticity of work pieces, 
finally a decrease in velocity to zero as the upsetting 
action ceases. Figure 12 does indicate such a general trend. 
Figures 12 and 13 express the upsetting action when the 
plastic zone of the work pieces has purposely been made 
large by the use of a low energy input level and a low 
rate of energy input. Had the plastic zone been made 
small, the platen force would have not decreased a second 
time. 

The degree of plasticity and depth of plastic zone can 
be judged by measurements of the variations of the 
platen force or preferably the upset force, and the upset 
velocity. The similarity of behavior of S.A.E. 4130 
steel and low-carbon sted is indicated in Figs. 12 and 13. 
The flashing variables had been set exactly the same for 
both steels. 

Upset Current 

The most important electrical quantity in upsetting, is 
the time of flow and value of the upsetting current. 
Welding techniques when welding alloy steels should 
never be employed in which the time of upsetting current 
flow is reduced to zero or the current flow stopped several 
cycles before upsetting starts. Such a te^nique will 
cause a decrease in weld quality primarily caused by the 
increased degree of oxidation of the flashing surfaces and 
the lessening degree of plasticity to prevent adequate 
upsetting. 

The level of energy input rises appreciably in the up¬ 
setting action without purposely changing the setting of 
control in any part of the electrical circuit. The high im¬ 
pedance of the metal bridges formed during flashing has 
changed to the low impedance of solid contact over ^e 
weld area and the current consequently rises. As the 
level of energy input rises, the beating of the work pieces 
during upsetting increases sharply. This increased heat¬ 
ing may be a necessity in cases where the thermal con¬ 
ductivity of the work pieces is low. The natural change 
in level of energy input between flashing and upsetting can 
be troublesome in some special cases, such as the welding 
of valve stems made of austenitic steel. Here, unless the 
time of current flow is cut off within a few cycles after 
upset starts, welds will become burned. When the change 
in energy input at upsetting becomes too critical for pro¬ 
duction purposes, the energy input at upset is artificially 
reduced by a number of standard devices which limit the 
value of the upsetting current. 


Postheating Current 

The current that flows through the work pieces after 
the upsetting action has ceased is referred to as the post¬ 
heating current. The function of the upsetting current 
is to maintain or help attain the proper depth of plastic 
zone while the upsetting action is taking place. The 
function of the postheating current is to apply metallur¬ 
gical correction. In almost all application^ the current 
flow will continue longer than the time required for up¬ 
setting. The resulting postheating current is incidental 
to the welding and has been used as a safety measure to 
make certain that current flow has taken place during 
the entire upsetting period. Under such conditions the 
action of postheating is not considered a part of the weld¬ 
ing technique, being an incidental rather than a pur¬ 
posely added factor. In most cases where the welded 
member is to later be sent through a cycle of furnace heat 
treatment after welding, the distinction between upset 
and postheat current is not necessary. However, if parts 
heat treated before welding are to be welded, the distinc¬ 
tion should be made as the structure of the weld zone, 
which will not be further altered, has a definite bearing 
on the ph)^ical properties of the weld. 

Application of Flash-Butt Welding 

The large field of shapes and sizes of parts made of mild 
steel and fabricated by the flash-butt welding process 
points out the possible applications in parts made of low- 
alloy steels. 

In general, four factors must be considered in an appli¬ 
cation for flash-butt welding of alloy steels. Disregard¬ 
ing some of these factors was possible in welding mild 
steel, but increased joint strength necessary in low-alloy 
steels implies that careful consideration must be given to 
the factors. 

1. The change in metallurgical and physical structure 
in the weld zone due to the heat of welding causing 
changes in the physical characteristics of the joint. 

2. The restoring of desired physical characteristics by 
proper heat treatment after welding. 

3. The two work pieces must have similar geometric 
shapes and practically equal areas at the section to be 
welded and in the portion exposed between the welder 
electrodes or dies. This is necessary to provide proper 
heat balance. 
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4. The parts should have such shapes and contours 
that the application of the upset force is such that the 
action is in a straight line between the work pieces paral¬ 
lel to line of application of the platen force by the welder. 
This requirement prevents skidding or telescoping of the 
sections to be welded during the upsetting period. 

While exact knowledge of the natiue of the flash-butt 
welding process is comparatively meager at the present 
time and measurement of the values of some of the 
variables requires much ingenuity, it is not to be inferred 
that the process is a complicated one in application or 
operation. A number of fabricators of low-alloy steel 
parts by flash-butt welding have been able to turn out a 


high quality of work even though their previous experi¬ 
ence was limited to less than a knowledge of the tech¬ 
nique as applied to low-carbon steel. 
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Reviews of Foreign Literature 

{Continuedfrom page 6-j) 

large portion of the hammer head, which resulted in the 
stability and shock-resisting prop«ties, clearly indicated 
by the diamond hardness tests. An engine starter ring 
with teeth successfully hardened is also shown. In con¬ 
clusion, the author discusses the hardening of cast iron. 


Flash Butt Welding for Tool Tips. III. VDI 

Zeitschrift, vol. 88,1944, Feb. 19, p. 27. 

The use of flash butt welding for welding high-speed 
steel to plain carbon steel in cutting tools is described. 
The Special tool holder developed by the AEG for this 
purpose and which can be used in conjunction with a 
standard flash butt welding machine is illustrated. The 
tool clamp proper consists of an upper and lower jaw 
made of steel, whilst the plate clamp for the high-speed 
tool tip is made of copper in order to equalize the elec¬ 
trical resistance. The strength of the fl^h weld is very 
great and the weld zone can be even subsequently forged 
if necessary. The heat zone is very limited and there is 
no danger of the high-speed plate being burnt. If is even 
possible to use plates already hardened so that the tool 
only requires grinding before being ready for use. The 
use of unhardened material is, however, generally rec¬ 
ommended, as this facilitates grinding and at the same 
time enables the weld to be subjected to a proper test. 
For subsequent hardening, the temperature most favor¬ 
able for the high-speed plate can be chosen without any 
danger of the weld cracking. {Abstracted in J. Roy. Aer. 
Soc., 1944, June, p. 384.) 


Weldable Hard Metals. Metallurgia, vol. 30, 1944, 

May, p. 6. 

A brief survey is presented of German practice in 
built-up welding. The chemical composition, maximum 
hardness and properties relating to wear of the hard 
metals are tabulated. These hard-facing alloys are di¬ 
vided into 3 groups: (1) the chromium-manganese-iron- 
alloys suitable for rock drills; (2) the chromium-tung- 
sten-cobalt alloys constituting the Stellite group; and 
(3) the cobalt-tungsten-cobalt-iron alloys recently de¬ 
veloped in an effort to substitute tungsten and cobalt, 
which are in short supply, by more readily available 
metals. 
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The Effect of Small Nickel Contents on the 
Properties of High-Tensile Welding-Quality 
Chromium-Manganesb-Vanadium Steel Sheets. 
Stahl und Risen, vol. 63,1943, Nov. 11, pp. 824-826. 

Additions of up to 0.5% of nickel were found to have 
no marked effect on the tensile strength, elastic limit, 
elongation, impact strength, weld crack sensitivity and 
hardness of the zone affected by the welding heat of 
chromium-manganese-vanadium steel sheets. The grain 
size of this steel falls in the 5-7 range on the A.S.T.M. 
scale. Aluminum additions did not refine the grain any 
further and increased the sensitivity to welding cracks. 
{Abstracted in Bull. Iron and Steel Inst., 19^, June, 
p. 57A.) 


The Relation Between Weldability and Wear op 

Cutting Tools. Metallurgia, vol. 29, 1944, March, 

pp. 270-272. 

Further experimental evidence is presented in support 
of the theory that the wear of cutting tools used for 
machining steel is due mainly to the formation of welds 
between the tool and the material being cut. Cubes of 
a carbon steel, a high-tensile alloy steel and tungsten 
carbide with 6-mm. sides were cut and polished. Pairs 
of these were welded together employing different tem¬ 
peratures and pressures, and the streng^ of the welds 
was determined. The welding time had little, if any, 
influence on the welding strength. Up to a welding 
pressure of 5.5 kg. per sq. mm. ^e strength of the steel- 
to-steel welds increased in proportion to the pressure. 
Below a certain temperature (c^led the “sticking” tem¬ 
perature) it was impossible to produce a weld even under 
very high pressure. A tungsten carbide tool containing 
15% of titanium carbide showed very little tendency to 
weld to the high-tensile steel, for even at 300® C. above 
the sticking temperature the weld strength was less than 
1 kg. per sq. mm. {Abstracted in BuU. Iron and Steel 
Inst., 1944, May, pp. 17A-18A.) 


Welding of Chromium Steel. Metalov, vol. 2, 1943, 
p. 260 (Translated in Sheet Metal Industries, vol. 19, 
1944, June, p. 1070.) 

Chromium steels containing 16 to 18% of chromium 
are widely used in Russia instead of the more expensive 
stainless steels containing 18% chromium and 8% nickel. 
Welds made in the former steel show a low corrosion 

{Continued on page 44‘s) 
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Flash Welding of Alloy Steels—Physical 
and Metallurgical Characteristics* 

By J. C. Barrett^ 


Introduction 

F lash welding in the ferrous field, for many years 
confined to low-carbon steel, has recently broad¬ 
ened to include the alloy steels. When a flash weld 
is made in low-carbon steel, problems of a metallurgical 
nature are not present in any great degree. Structural 
and hardness changes are at a minimum, and the flash- 
welded parts are of necessity stressed at low values. 
Alloy st^s, on the other hand, with their higher harden- 
ability and their more complex nature, provide a host of 
new problems to the welding engineer, particularly since 
alloy steel flash-welded parts are often subjected to high 
stresses in service. In this paper are considered some of 
the problems which arise in the flash welding of alloy 
steels, and an attempt is made toward the solution of the 
problems. 

Flash welding should come into its own in the alloy 
steel field, since it is a method of joining in which no 
filler met^ is used, as in arc welding, and in which no 
cast nugget is formed, as in spot welding. Theoretically, 
a soimd flash weld, properly heat treat^, should exhibit 
physical and chemical properties akin to those of the un¬ 
welded parent materi^, since the bond is made by the 
use of the parent metal itself. 

Metallurgical Chemges in a Flash Weld 

Since the heat in a flash weld is localized between the 
dies, and since the greatest heat is generated at the faces 
to be welded by virtue of the flashing action, there are 
successive met^urgical changes in the finished flash 
weld, from the highly heated structure at the center of 
the weld through the heat-affected zone to the undis¬ 
turbed parent metal. The heat-affected zone of flash 
butt welds in steel is that area on each side of the weld 
line which has been heated during welding to tempera¬ 
tures above the lower critical. The edges of the heat- 
affected zone as indicated by Fig. 1 and other photo- 
macrographs were determined by visual inspection after 
etching. That portion of the welded material not be¬ 
tween the electrodes, as well as the material in contact 
with the electrodes, remains relatively cold and hence is 
capable of carrying heat away from the weld. Conse¬ 
quently the weld cools at a much faster rate than would 
be encountered in a simple air cool, and hardening will 
result, particularly when the welded section is small. 
Not only will there be a marked change in microstructure 
across a weld, but also the hardness will vary, to a small 
extent in steels of low hardenability, and to a greater ex¬ 
tent in steels of high hardenability. 

* Presented nt the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, Ohio, 
Oct. 16 to 19, 1944. 

t Metallurgist, Taylor-Winfield Corp., Warren, Ohio. 


Figure 1 shows an etched section of a flash weld in 
low-carbon cold-rolled steel. The weld, upset and heat- 
affected zones are clearly shown. The photomicro¬ 
graphs, Fig. 1 (5), (C) and {D), at 200 diameters, show 
the structures existing near the edge of the heat-affected 
zone, at the weld line and in the parent metal, respec¬ 
tively. Figure 1 (C), at the weld line, illustrates the 
coarse structurejndicative of high heat and the presoice 
orfefnre~^(r pseudo-martensite. Pseudo-martensite is 
used to describe the hardened structure of a low-carbon 
steel, since not enough carbon is present to produce full 
martensite and hence full hardening. The weld zone has 
reached a tempera,ture far above the uppier critical point 
of the steel; as a matter of fact, its temperature has 
nearly reached the melting point of the sted. Theoreti¬ 
cally, all the metal which has actually been mdted at 
the wdd line has been extruded by means of the upsetting 
action. 

As we progress from the wdd zone toward the parent 
metal, pseudo-martensite is still in evidence but is finer 
in appearance, since the temperatmes reached were not 
so high, but were, still above the upper critical tempera¬ 
ture. As the edge of the heat-affected zone is approached, 
the zone is reaped in which the temperature had been 
raised to between the lower and upper critical points. 
This is the area which has been incompletdy transformed 
on heating. The original pearlite (dark) and part of the 
ferrite (wWte) have transformed into ^ustenite on heat¬ 
ing and have reformed into martensite on cooling. The 
remainder of the ferrite has not been transformed on 
heating, since the upper critical was not reached, and it 
remains as it did before heating, except that the effects of 
cold rolling have bedi removed by die heating. Figure 
1 {D) illustrates the original, unaffected parent ferrite 
grains and pearlite areas. Note the directional effect 
produced by cold working. 

Variation in hardness across a weld in low-carbon cold- 
rolled steel, and the correlation of the hardness values 
with the microstructure are illustrated in Fig. 2. The 
original hardness of the low-carbon cold-roUed steel (189 
Vickers) is higher than that of the weld, by virtue of the 
hardness imparted by the cold working. There is little 
hardening of- the weld since the carbon content is too low 
for much quench hardness to develop. There is, how¬ 
ever, a zone on either side ^tiie weld (in the heat-affected 
zone) which is slightly softer than the weld, as shown by 
the hardness plot. It is in this zone that we should ex¬ 
pect the fractiu-e to occiu- during a tensile test. 

In a flash weld in hot-rolled steel the parent metal is 
softer than the weld zone or heat-affected zone, because 
the hardness imparted by the cold rolling is not present. 
Hence, a tensile test of a flash weld in hot-rolled steel 
usually breaks in the parent metal. 

The metallurgical changes in a flash weld in a 0.25- 
0.28% carbon, 0.60 to 80% chromium, 0.80-1.00% 


25-8 


Digitized by LnOOQle 




fDGES OF THE 
HEAT AFFECTED ZONE 


4% Nital Etch 


Fig. 1—Variation of structiire of a Flash Weld in Low-Carbon Steel. A, 2 diameters; B, Cand^, 200diame- 
teis. B, Edge of Heat of Heat-Affected Zone. C, Weld Line; D, Parent Metal (Reduced 20% in reproduction) 


nickel, 0.50-0.60% molybdenum steel are shown in Fig. 
3. This steel had been hardened and tempered to 2^ 
Vickers before welding. The photomacrograph, Fig. 
3 {A), shows the main ^aracteristics of the weld. Note 
the ^in white area down the middle of the weld. This 
is the so-called “decarburized zone,” which probably 
also contains some remnants of cast metal which have 
not been ejected by the upsetting action. Photomicro¬ 
graph, Fig. 3 (C), at 200 diameters, illustrates the struc¬ 
ture at the middle of the weld. Here we have full mar¬ 
tensite, since the carbon is high enough to produce 
it. Moreover, the structure is coarse because of the 
high heat to which the weld attained. Again pro¬ 
gressing outward from the weld line, martensite is 
found, becoming more finely divided as the distance 
from the weld increases, due to the fact that the tem¬ 
perature peaks reached were lower, than at the weld line. 
Near the edge of the heat-affected zone is located the 
area, Fig. 3 (B), which was heated in the temperature 
zone between ^e two critical points. Here liie tem¬ 
pered martensite present in the original parent metal 
has only partially transformed, resulting in a mixture, 
which, ^ter cooling once more, resolves itself into ferrite 
and very fine-grained martensite. Figure 3 {D), at 200 
diameters, shows the parent metal, which had originally 
been hardened and tempered. The structure shown is 


tempered martensite, which is t}^ical of this heat treat¬ 
ment. 

Variations in the hardness values across a weld in this 
chromimn-nickel-molybdenum steel are illustrated in 
Fig. 4. From the original hardness of the parent metal 
(about 260 Vickers), the hardness begins to rise sharply 
at the edge of the heat-affected zone until a value of over 
500 Vickers (48 Rockwell C) is reached near the weld 
line. The dip in hardness at the weld line is thought to 
be due to the decarburization of the weld line. The 
areas to either side of the weld line have been heated to 
a high enough temperature to cause full hardening on 
cooling. Farther away from the weld (still in the heat- 
affected zone) temperatures have not been high enough to 
cause full hardness on cooling. The areas toward the 
edge of the heat-affected zone which have been heated 
to a temperature between the upper and lower critical 
points are still softer becauseof incompletetransformation. 

The lowest hardness in the specimen is to be found 
near the outside of the heat-affected zone, where the 
temperature rose to a point just below the lower critical 
point. This temperature was slightly higher than the 
tempering temperature (1200° F.) of the original parent 
metal; hence a slight softening occurred. the 

original tempering temperature been lower, the dip in 
hardness would have been more noticeable. 
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Fig. 2—Photo Macrograph at 2 Diameteri and Vickers Hardness 
Pl^ Across a Flash Weld in Low Carbon, Cold-Rolled Steel. 
Spedmen Etched in 4% Nital. Hardness Valves Plotted Across 
tne Center ot Section 


Heat Treatment After Welding—Bar Stock 

The hardness survey across a flash weld in low-carbon 
cold-rolled steel shows little change in hardness from 
point to point. Therefore, no heat treatment to make 
the hardness uniform is necessary, particularly since such 
heat treatment would lower the hardness of the cold- 
worked steel. 

When a hardenable steel is flash welded, however, 
considerable hardness differentials exist across the weld, 
as is clearly seen by reference to Fig. 4. In this case, if 
uniformity of hardness is desired, heat treatment after 
welding is necessary. 


Experiments with a Ckromium-Nickel-Molybdenum Steel 

In order to explore the properties of alloy steel flash 
welds after heat treatment to various strength levels, 
eighteen welds were made from the chromium-nickel- 
molybdenum steel noted above. This material was in 
the form of 1 Vj-in. thick plate, originally heat treated to 
260 Brinell hardness. One-inch round bars were made 
from the stock for flash-welding experiments. 

Heat Treatment. —Of the eighteen welds made, twelve 
(marked Nos. I to 12) were cut transversely 3 in. on 
either side of the weld, while the other six (marked Nos. 
13 to 18) were cut V/t in. on either side of the weld for 
Vickers hardness surveys and microspecimens. 

The flash and upset were grotmd off and the samples 
heat treated as follows: 

1650° F.—1 hr. at heat—air cooled 

1550° F.—1 hr. at heat—water quenched 

The specimens were then tempered at various tem¬ 
peratures as follows: 


Nos. 1, 2 and 13 . 700° F. 

Nos. 3, 4 and 14. 800° F. 

Nos. 5, 6 and 15 . 900° F. 

Nos. 7, Sand 16. 1000° F. 

Nos. 9. 10 and 17. 1100° F. 

Nos. 11, 12 and 18. 1200° F. 


This gave us two tensile bars and one hardness speci¬ 
men for each tempering temperatime. 

Tensile Tests. —The twelve longer specimens were 
turned into standard 0.505-in. tensile bars, with threaded 
ends and with the weld in the center of the measured 
section. Tensile test results can be found in Table 1. 

It was hoped that the tensile strengths of the bars 
would decrease uniformly as the tempering temperature 
was raised, thus allowing us to locate the strength value 
at which fractures stopped occurring outside the weld 
and started breaking at random, i.e., either in the weld 
zone or outside it. However, due to the high molyb¬ 
denum content, the <6teel resisted tempering until a rela¬ 
tively high temperature was reached. Thus, it is seen 
that all bars except Nos. 11 and 12 (tempered at 1200° 
F.) are at a high strength level. Moreover, all these bars 
exhibit this random breaking. It may be that a level of 
tensile strength somewhere between about 175,000 and 
130,000 psi. would represent the limit of uniform break¬ 
age outside the weld. However, there is no reason to be¬ 
lieve that freedom from breaking in the weld zone will 
ensue at strengths under 130,000 psi. 

None of the bars, irrespective of type of break, fell 
below the strength expect^ by virtue of the Rockwell C 


Tabl* 1—Tensil* TmI RmuIU 


Load at 



Draw 

Rockwell 


0.050 In. 

Yield 

Bar 

Temp., 

••C” 

Diam., 

Extension, 

Strength, 

No. 

* F. 

Hardness 

In. 

Lb. 

Psi. 

1 

700 

44 

0.501 

31.000 

167,000 

2 

700 

44 

0.501 

33,900 

172.000 

3 

800 

43 

0.502 

• 36,000 

182,000 

4 

800 

42 

0.501 

30,000 

183,000 

5 

900 

41 

0.501 

34.500 

175,000 

6 

900 

41 

0.498 

34.000 

178,000 

7 

1000 

41 

0.502 

33,700 

170,000 

8 

1000 

40 

0.499 

34,300 

175.000 

9 

1100 

37 

0.496 

31.800 

164,000 

10 

1100 

38 

0.501 

30,600 

155,000 

11 

1200 

26 

0.600 

23,200 

118,000 

12 

1200 

26 

0.603 

24,100 

121,000 


* Broke in weld zone. 




Length 

% 

Diam. 


Ultimate 

Tensile 

After 

Elong. 

After 

% 

Load, 

Strength, 

Test, 

in 2 

Test, 

Red. 

Lb. 

Psi. 

In. 

In. 

In. 

in Area 

42,300 

214,000 

2.07 

3.5 

0.494 

2.8* 

41.700 

211,000 

2.15 

7.6 

0.480 

8.2* 

39,800 

201,000 

2.24 

12.0 

0.351 

51.2 

40,000 

203,000 

2.27 ' 

13.5 

0.350 

61.0 

38,300 

194,000 

2.20 

10.0 

0.445 

21.1* 

38,600 

198,000 

2.27 

13.5 

0.350 

50.5 

37.300 

189,000 

2.06 

3.0 

0.494 

3.2* 

37,900 

194.000 

2.16 

7.5 

0.475 

9.4* 

33,500 

173.000 

2.08 

4.0 

0.472 

9.5* 

34,700 

176,000 

2.35 

17.5 

0.335 

65.7 

25,900 

132,000 

2.36 

18.0 

0.359 

48.5 

26,100 

131,000 

2.41 

20.6 

0.298 

66.0 
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hardness value. This is worthy of note, since it has been 
thought that after a certain strength level had been 
passed the bar would not only break in the weld, but at a 
low'strength value. It is found, however, that those bars 
which broke in the weld zone are much lower in ductility 
than those which broke outside the weld. The broken 
test bars are shown in the photograph. Fig. 5. Even in 
those cases where breakage occurred near the weld, the 
fracture was not straight across the bar, but occurred 
partially in the parent metal. 

Hardness Surveys .—The six short pieces. Nos. 13, 14, 
15, 16, 17 and 18, were sectioned axially, and one of the 
resulting halves of each was polished on the cut face for 
Vickers hardness measurements. The 10-kg. load was 
used, and hardness values were obtained both in the 
parent metal and at the weld line. Averages of these 
values are shown in Table 2. 


No. 

TabU2 

18 14 

15 

16 

17 

18 

Tempering temp., “ F. 

700 

800 

900 

1000 

1100 

1200 

Hardness: 

Parent metal 

476 

463 

445 

448 

419 

300 

Weld line 

476 

462 

448 

447 

417 

299 


In all cases the hardnesses of the weld line and the parent 
metal are practically identical. This means that any 
decarburized zone existing at the weld line has disap¬ 


peared in heat treatment, due to diffusion of carbon 
across the weld line. Any attempt, then, to attribute 
breakage in the weld zone to a lower hardness in that 
zone is purely fallacious. 

Figure 6 shows the macrostructure and hardness sur¬ 
vey of Specimen 14. Note the marked change in direc¬ 
tion of flow lines at the weld, and the uniformity of hard¬ 
ness across the entire piece. 

Microstructure 

Microsections cut from the remaining halves of pieces 
Nos. 13-18 reveal that, except for a few minor rounded 
inclusions, all welds are sound. On this basis, then, 
failure in the weld zone cannot be attributable to dis¬ 
continuities or inclusions in the weld. 

It was thought, from the jagged appearance of the low 
ductility fractures, that the change in flow lines, or fiber, 
in the upset portion of the weld, might account for the 
low elongation and reduction in area in these bars. It is 
a well-known fact that transverse test bars from a steel 
plate exhibit lower ductility than do longitudinal test 
bars from the same plate, because of the fiber in the 
plate. The flow lines at the upset of a flash weld, while 
not fully transverse, yet approach this direction. More¬ 
over, this chromium-nickel-molybdenum steel is fibrous 
by nature, as can be readily seen by reference to Fig. 6. 

Several of the tensile bars which broke in the weld 
zone were sectioned longitudinally through the fracttires, 
polished and etched. Figure 7 shows one of these longi¬ 
tudinal sections at 7.5 diameters. Both the weld line 



Fig. 3—Variation of Stnivture Across Rash Weld in a Chromium-Nickel-Molybdenum Steel. A, 2.5 Dieune- 
ters. B, C and D, 200 Diameters. B, Edge of Heat-Affected Zone. C, Weld. D, Parent Met^. Etchant: 

4% Nital 
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Tig. 4—PbotraiacToaiaph at 2.5 Diametan and Vlcken Hard* 
neM Plot AcroM a flaah Weld in l*In. Kameter Cr*Ni*Mo 
St^ A^W^ded Spedmen Etched with 4% Nitah Hardness 
Values Plotted Across the Center ol Section 

and the fiber flow are clearly marked. It is interesting to 
note that there is no breakage along the weld line, but 
that fracture commenced from both sides of the bar and 
followed the flow lines, until the remaining material be¬ 
came so reduced in cross-sectional area that it snapped 
across, at a distance of over 0.1 in. from the weld line. 
The other test bars examined in this fashion exhibited the 
same phenomenon. There were no weld line breakages, 
but all fractures followed the fiber flow. 

The low ductility of these test bars, then, was due en¬ 
tirely to the fibrous condition of the original stock and 
not to faulty welding. It is to be expected that steel 
which is more homogeneous would be less apt to show 
fractures of this sort. It must be kept in mind also that 


the bars used in this experiment were cut from plate 
stock, which is prone to be fibrous in nature. 

Lcurge Diameter, Heavy Wall Tubes 

A great deal of work has been done recently in the 
flash welding of large diameter, heavy wall tubes. The 
steels most commonly used are chromium-molybdenum, 
S.A.E. 4130 and S.A.E. 4140. In general, these tubes 
are heat treated after welding to a tensile strength of 
around 180,000 psi. This heavy wall tubing is prone to 
contain oxides and nonmetallic inclusions in the weld 
line, to a much greater degree than is found in bar stock 
or small tubing. At the high heat-treated strength of 
180,000 psi. these nonmetallics, if they comprise any real 
percentage of the cross section at the weld line, catise 
breakage in the weld in bend or tensile test, with lowered 
ductility and sometimes lowered streng^. The trade 
has come to know these oxides as “penetrators.” They 
are apparently caused by craters forming at the flash 
surfaces during flashing, which become oxidized and 
which are deep enough so that the upset does not extrude 
the oxides but leaves them trapped at the weld line. 
These oxides are complex and apparently include sili¬ 
cates and aluminates. The frequent appearance of 
chromitim oxides has led some to b^eve that chromium 
is a bad actor and that steels containing chromium are 
more prone to exhibit “penetrators” than those contain¬ 
ing no chromium. This is further borne out by experi¬ 
ences in the flash welding of higher chromium steels, 
which are seemingly trouble makers in this respect. We 
have no further comment to make on this, since there are 
no cumulative data on steels containing no chromium. 
It is hoped that a comparison can be made at some time. 

An exaggerated case of these so-called “penetrators” 
is shown in Figs. 8 and 9. This is a portion of a flash- 
welded tube (4V8 in. O.D., 3 in. I.D.) which was broken 
in bending. The fracture occurred through the weld line. 
In the unetched condition, one can see the penetrators, 
which are flat, smooth areas existing in the rough metallic 
part of the fracture. Upon clectrolytically etching in a 
water solution of 2% ferrous sulphate and 1% s^ium 
chloride, the contrast between metallic and nonmetallic 
is heightened, and the smoothness and structure of the 
nonmetallic surfaces brought out. 

As stated before, in many cases these flash-welded 
alloy steel tubes are broken in bending, by supporting the 
assembly at the two ends and applying a load at the weld 
line. At our plant we do not have a machine large enough 
to break these tubes in bending, and so must resort to 
individual tensile bars cut from the welds. It is ad¬ 
mitted that this practice does not take into account the 
whole of the welded area, but if the weld is entirely cut 
into test bars, a good portion of the weld undergoes test. 


Tabu 3 


Tensile Test Results—Flash-Welded Tube 3*/ij In. O.D.—2*A* In. I.D. Heat Treated to 180,000 Psi. Tensile Strength 






Tensile 

Length 

% Elonga¬ 

Rockwell 


Bar 

Width, 

Thickness 

Ultimate 

Strength, 

After 

tion in 

C 


No. 

In. 

In. 

Load, Lb. 

Psi. 

Test, In. 

2 In. 

Hardness 

Remarks 

1 

0.301 

0.245 

12,820 

174,000 

2.03 

1.6 

42 

Broke in weld 

2 

0.301 

0.242 

13,740 

189,000 



42 

Broke outside measured section 

3 

0.303 

0.246 

14,280 

192,000 

2 ! 20 

i6!o 

42 

Broke outside weld 

4 

0.293 

0.248 

13,440 

185,000 

2.17 

8.5 

42 

Broke outside weld 

5 

0.302 

0.244 

14,320 

195,000 

2.17 

8.6 

41 

Broke outside weld 

6 

0.297 

0.248 

13,500 

183,000 

2.04 

2.0 

42 

Broke in weld 

7 

0.305 

0.248 

14,620 

194,000 

2.13 

6.6 

43 

Broke outside weld 

8 

0.305 

0.248 

14,060 

189,000 



42 

Broke outside measured section 

9 

0.306 

0.247 

13,420 

178,000 

2 ! 17 

sis 

43 

Broke outside weld 

10 

0.307 

0.241 

13,480 

187,000 

2.08 

4.0 

43 

Broke in weld 
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Fig. 5—Fractures of Flash-Welded and Heat-Treated Tensile Bars, Cr-Ni-Mo Steel. See Table 1 for Test Results 


Moreover, since our plant does not manufacture welded 
products, the number of welded tubes we had to work 
with was limited. We have, however, obtained certain 
results from our tests and are giving them here for what 
they are worth. We shall first consider three sizes of 
tubes, welded in the ordinary manner. 

3*/n-In. O.D. — 2^/xtrIn. I.D, Tubing — SA.E. 4140 Steel 

Two welds were made in this size tubing. Both were 
heat treated after welding as follows: 

1700® F.—1 hr.—air cool 

1575° F.—1 hr.—oil quench 

Tempered at 925° F.—1 hr. 

The first tube was cut longitudinally into as many 
tensile test bars as possible. Test results are given in 
Table 3. Note that of the ten bars obtained, three broke 
in the weld, exhibiting lowered ductility, but little if any 
loss in strength. The remainder broke outside the weld. 
Specimens which fractured in the weld showed “penetra- 
tors” at the weld line. 

The second welded tube was cut into as many micro¬ 
sections as possible. Twenty sections were obtained. 
After polishing, all sections were examined at the weld 


line for nonmetallics. Four of the samples contained a 
number of inclusions, some fairly large. Seven others 
had few inclusions, and these were small. Ten remain¬ 
ing samples were clean. 

Two types of inclusions were found. In Fig. 10 is 
shown what we refer to as the massive type of oxide, 
which usually appears in nests. These are apparently 
somewhat refractory, as widened by the fact that the 
upset force has not distorted them a great deal. The 
other type appears as stringers, probably more plastic 
than the massive type, as they are squeezed and elon¬ 
gated by the upset force. One of these is shown in 
Fig. 11. 

4^/rIn. O.D—3-In. IJ>. Tubing—SA.E. 4140 

Only one tube of this size and welded with the recom¬ 
mended schedule was available for test. This tubq was 
first normalized (1700° F.—1*/* hr.—air cool) and then 
cut longitudinally into 14 bars, 4*/* in. long and ap¬ 
proximately Vi« in- square. The longitudind sides of 
these bars were polished for metallographic examination. 
After this study, the pieces were rough machined into 
test bars and heat treated to 180,000 psi. tensile strength 
as follows: 
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DISTANCE FROU WELD^ INCHES 


Hg. 6—Photomacrograph at 2 Diamatart and Vickan HazdnaM 
Pl^ AcroM a Flash Wald in 1" Diamatei Cr<Ni*Mo Ste^ 
Spadman Normaliaad, Water Quanchad and Tampazad at 
800^ F. Spedman Etched in 4% Nital. Hardnaa Readings 
Taken Across Center oi'Section 


Tempered at 925° F.—1 hr. 

The test bars were finish machined after heat treatment 
to 0.375 in. diameter and tested. 

The procedure of using the test bars both for metallo- 
graphic study and tensile testing was necessary, as only 
the one tube was available. The test bars were prepared 
metallographically in the normalized condition, since it 
was easier to machine them later in this condition. 

Of the fourteen specimens, only two showed large con¬ 
centrations of inclusions. In Figs. 12 and 13 are seen a 
large inclusion and a stringer. Note the structure in the 
large inclusion in Fig. 13. Of the other microsections, 
four showed a few small inclusions, while the remaining 
samples were clean. 



4% Nital Etch 5.0 X 


Fig. 7—Longitudinal Section Through Fracture of Flash-Welded 
and Heat-Treated Tensile Bar, Cr-Ki-Mo Steel. Fracture Fol¬ 
lows Fiber Segregations 


Table 4 


TensUe Test Results—Flash-Welded Tube 4'/i In. O.D.—3 In. I.D. Heat Treated to 180,000 Psi. Tensile Strength. Gage Length for 

Test, 1.5 In. 


Bar 

Diam., 

Ultimate 

Tensile 

Strength, 

Length 

After 

% Elonga¬ 
tion in 

Diam. 

After 

Breaking, 

% Reduc¬ 
tion in 


No. 

In. 

Load, Lb. 

Psi. 

Test, In. 

2 In. 

In. 

Area 

Remarks 

1 

0.375 

17,840 

160,600 

1.66 

3.3 

0.361 

12.4 

Broke in weld 

2 

0.376 

18,140 

164,000 

1.53 

2.0 

0.363 

6.8 

Large inclusion areas 
Broke in weld 

3 

0.374 

19,080 

174,000 

1.72 

14.7 

0.247 

56.4 

Medium inclusion areas 
Broke outside weld 

4 

0.374 • 

19,480 

177,500 

1.62 

8.0 

0.342 

16.4 

Broke in weld 

5 

0.375 

18,880 

171,000 

1.62 

8.0 

0.338 

18.8 

Small inclusion area 
Broke in weld 

6 

0.376 

14,390 

120,000 

1.52 

1.3 

0.367 

4.8 

Small inclusion area 
Broke in weld 

7 

0.374 

13,920 

172,000 

1.58 

6.3 

0.360 

12.4 

Large inclusion area 
Broke in inclusion areas 

8 

0.374 

18,910 

171,500 

1.64 

2.7 

0.364 

10.4 

Medium weld 

Broke in weld 

9 

0.376 

19,960 

180,000 

1.60 

6.7 

0.354 

11.4 

Large inclusion area 
Broke in weld 

10 

0.376 

19,720 

178,000 

1.62 

8.0 

0.330 

23.0 

Small inclusion area 
Broke in weld 

11 

0.374 

18,620 

170,000 

1.68 

6.3 

0.342 

16.4 

Medium inclusion areas 
Broke in weld 

12 

0.373 

19,240 

176,000 

1.73 

16.3 

0.260 

61.2 

Large inclusion area 
Broke outside weld 

13 

0.377 

20,210 

181,000 

1.60 

6.7 

0.342 

17.7 

Broke in weld 

14 

0.374 

19,340 

177,000 

1.69 

12.7 

0.288 

40.7 

Small inclusion areas 
Broke outside weld 
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No Etch 


2.5 X 



FeS04-NaCl Etch 2.S X 

Figs. 8 (Above) and 9 (Below)—Fracture of Flash-Welded Tube, 4VrI>i- O.D,, Wall. "Pene- 

tiators" in Weld Are Shown More Clearly When Specimen Is Etched 


Table 4 gives the 
tensile test results 
of the heat-treated 
bars. Note that 
eleven of the four¬ 
teen bars broke in 
the weld and that 
their fractures ex¬ 
hibited inclusions. 
Cne bar (No. 6) is 
very low in 
strength, while two 
others (Nos. 1 and 
2) were under 
170,000 psi. tensile 
strength. All in all, 
this tube does not 
compare favorably 
in strength to the 
smaller tube (3Vss- 
in. O.D., 2 Vi 8 in.- 
I.D.), in spite of 
the fact ^at it 
seemed reasonably 
clean under the 
microscope. 

It was decided to 
test a flash-welded 
tube in the nor¬ 
malized condition, 
in order to find out 
if the lower strength 
and difference in 
^ metallographic 
* structure would 
yield results dif¬ 
ferent than those 


Tables 

Tensile Test Results—Flash-Welded Tube 4*/» In. O.D.—3 In. I.D. Normalize 1700® F.—1‘/i Hr.—Air Cool. Gage Length for Test, 

1.6 In. 





Tensile 

Length 

% Elonga¬ 

Diam. 

After 

% 

Reduc¬ 


Bar 

Diam. 

Ultimate 

Strength, 

After 

tion in 

Breaking, 

tion in 


No. 

In. 

Load, Lb. 

Psi. 

Test, In. 

2 In. 

In. 

Area 

Remarks 

1 

0.374 

11,650 

106,000 

1.51 

0.7 

0.372 

1.1 

Broke in weld 

One inclusion area 

2 

0.377 

15,640 

140,000 

1.64 

9.4 

0.322 

27. 

Broke partially in weld 

Two inclusion areas 

3 

0.378 

15,620 

140,000 

1.66 

10.7 

0.313 

30.7 

Broke mainly outside weld 
One inclusion area 

4 

0.375 

15,500 

140,000 

1.60 

6.5 

0.343 

16.3 

Broke in weld 

Large inclusion area 

5 

0.377 

12,880 

115,400 

1.52 

1.3 

0.373 

2.2 

Brokeln weld 

One inclusion area—not 
well marked 

6 

0.374 

14,560 

132,600 

1.64 

2.7 

0.367 

3.7 

Broke in weld 

Large inclusion area 

7 

0.376 

15,520 

141,000 

1.63 

8.5 

0.339 

18.2 

Broke partially in weld 

One inclusion area 

8 

0.373 

10,850 

99,300 

1.51 

0.7 

0.370 

1.6 

Broke in weld 

One inclusion area—streak 

9 

0.373 

15,280 

140,000 

1.67 

11.3 

0.319 

26.8 

Broke mainly outside weld 
2 small inclusion areas 

10 

0.376 

15,560 

140,000 

1.60 

6.5 

0.351 

12.9 

Broke partially in weld 

One inclusion area 

11 

0.376 

15,440 

139.000 ■ 

1.60 

6.5 

0.349 

13.0 

Broke in weld 

One inclusion area 

12 

0.374 

12,300 

112,000 

1.52 

1.3 

0.372 

1.1 

Broke in weld 

Large inclusion area 

14 

0.374 

11,180 

101,800 

1.62 

1.3 

0.372 

1.1 

Broke in weld 

One inclusion area—not 
well marked 
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found in the heat-treated state. Unfortunately, the weld 
chosen was not made with the optimum schedule. 

The tube was normalized as follows: 

1700° F.—iVa hr.—air cool 

It was then sectioned longitudinally into fourteen test 


Fig. 10—Maanve Includons 

No Etch 250 X 



INo Etch 250 X 

Rg. 11—Stringer Inclufions 


bars, 4Vt in. long and approximately Vi« in. square. The 
longitudinal faces were polished for met^ographic study. 

In general, this weld contained many more and larger 
inclusions than did the other weld, which was made on 
the recommended schedule. As a matter of fact, only 
two bars were entirely free from nonmetallics. Of the 


Fig. 12—Large Massive Inclusion and Several Smaller Inclu¬ 
sions in Weld Line 

No Etch 200 X 



No Etch 750 X 

Fig. 13—Massive Inclusion Shown In Fig. 12, at Higher Power. 
Note Structure 


Table 6—Tensile Test Residts 

Bars Nos. 1.2 and 3—Normalized at 1700° F.. Oil Quenched from 1650° P., Tempered at 925° P. Bars Nos. 4, 5 and 6—^Normalized at 

1700° F. 


Yield Diam. 



Original 

Diam., 

Load at 

Strength 


Tensile 

Length 

% Elon¬ 

After 

% Reduc¬ 

Brinell 


Bar 

Yield 

at 6% Ex¬ 

Ultimate 

Strength 

After 

gation in 

Test 

tion in 

Hard¬ 


No. 

In. 

Lb. 

tension, Psi. 

Load, Lb. 

Psi. 

Test, In. 

2 In. 

In. 

Area 

ness. No. 

Break 

1 

0.605 

29,600 

148,000 

37,600 

188,000 

2.16 

7.6 

0.462 

19.9 

387 

Weld 

2 

0.603 

28,800 

144,900 

36,900 

186,000 

2.14 

7.0 

0.463 

16.7 

387 

Weld 

3 

0.603 

33,000 

169,200 

37,100 

186.900 

2.06 

3.0 

0.482 

8.9 

387 

Weld 

4 

0.604 

19,600 

97,800 

26,900 

130,000 

2.26 

13.0 

0.436 

26.6 

269 

Weld 

5 

0.505 

18,800 

94,000 

25,900 

129,500 

2.24 

12.0 

0.447 

21.6 

269 

Weld 

6 

0.604 

18,800 

94,300 

25,800 

129,200 

2.26 

13.0 

0.416 

32.5 

269 

Weld 
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Tabu 7 


/ Normal weld—no atmosphere 
Weld No. 1—Treatments 2100® F.—2 hr.—air cool 
(1700® F.—1 hr.—air cool 


Bar 

Diam.. 

Ultimate 

Tensile 

Strength, 

Length 

After 

% Elon¬ 
gation in 

Diam. 

After 

% Reduc¬ 
tion in 

Rockwell 

C 


No. 

In. 

Load, Lb. 

Psi. 

Test, In. 

l‘A In. 

Test. In. 

Area 

Hardness 

Break 

1-2 

0.349 

13,640 

141,500 

1.72 

14.7 

0.245 

50.8 

29.0 

Outside weld 

1-6 

0.361 

13,680 

141,500 

1.56 

4.0 

0.340 

6.2 

29.0 

In weld (penetrator) 

1-8 

0.349 

13,640 

141,500 

1.72 

14.7 

0.247 

49.9 

28.0 

Outside weld 

1-10 

0.360 

13,600 

141,600 

1.73 

15.3 

0.246 

60.6 

28.0 

Outside weld 


Others, eight showed a number of large inclusions and 
stringers, while the remainder contained a few small 
ones. Upon etching, it was noticed that the areas around 
the inclusions were decarburized in some cases and not 
in the others. The greatest loss of carbon occurred in the 
vicinity of the stringer type inclusions. In the normalized 


Fig. 14—Two Stringer Inclusiona, Probably Caused by Eztru* 
sion oi Metal Between Two Craters on Upset 
No Etch 75 X 



V 

' V 

■ ■ 

4% Nltol Etch 75 X 

Fig. 15—Stringers Seen in Fig. 14. Both Stringers Have De* 
carburised Envelopes Surrounding Them 


state the pearlite and ferrite of S.A.E. 4140 steel are 
closely intermingled and appear in the form of plates. 
When decarburization is apparent, both the pearlite 
and ferrite exist in clumpy, large masses, as seen in the 
areas adjacent to the pure ferrite. The two stringers 
shown in Fig. 14 were probably the bottoms of two cra¬ 
ters formed in flashing. These craters were oppKJsite 
each other and the upset extruded metal between them. 
In the etched state (Fig. 15) it is seen that complete loss 
of carbon has occurred around the stringers, as evidenced 
by the white grains of pure iron or ferrite. 

The appearance of decarburized areas around some of 
the inclusions corroborates the assumption that oxi¬ 
dation during flashing is the cause of inclusion formation. 
The decarburization also is caused by the oxidation of 
the carbon in the metal surrounding the inclusions. 

Slight decarburization exists in some places along the 
weld line of these samples even where no inclusions are 
present. These areas are probably remnants of the origi¬ 
nal decarburized areas in the weld; the lost carbon was 
not completely diffused during normalizing. Another 
factor which may account partially for the sUght general 
structural change at the weld is the larger section at the 
weld due to flash and upset metal. In cooling, this larger 
section at the weld did not cool as rapidly as the original 
tube section; this slower cooling is accompanied by the 
slight structural change. 

After metallographic examination, the bars were ma¬ 
chined into 0.375-in. diameter, .1.5-in. gage length ten¬ 
sile bars, and pulled in the normalized condition. 
Table 5 shows the results of these tests. Bar No. 13 was 
not pulled, but cut longitudinally for Vickers hardness 
readings, in order to study the change in hardness across 
the weld. This hardness survey will be discussed further 
on. 

In studying the tensile tests from this weld (Table 5) 
the following observations can be made: 

1. All bars broke at least partially in the weld, and 

most bars fully in the weld. 

2. All bars contained inclusions. 

3. The strengths varied from as low as 99,300 to 

141,000 psi. 

4. The lower the strength, the lower the ductility. 

5. Bars showing highest ductility fall short of what is 

expected for these values. 

6. Some of the bars with high strength show inclusion 

areas as large as those in bars of low strength. 

In connection with statement 6, Fig. 16 shows the 
fractures of six of the tensile bars, t^ee of high strength, 
high ductility, and three of low strength, low ductility. 
Note that the inclusions, in general, appear as large in 
the high-strength bars as in the low-strength bars. 

It may be that the ratio of nonraetaUic to metallic 
surface in the inclusion areas shown is greater in the case 
of the low-strength bars. This might account at least 
partially for the differences in streng^. 
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Ear 4 


Bar 5 


Ear 9 


Bar 8 


Bar 10 


Bar 12 


3 X 

Fig. 16—Fractures of 6 Test Bars from Flash-Welded, Heat-Treated Tube, 4^/s-ln. O.D.,3- In. I.D. Low- 

Strength Bars at Right, IBgh-Strength Bars at Left 



The thirteen broken test bars were sectioned on either 
side of the fracture and the two halves fitted together. 
They were then filed axially until a section through the 
inclusions was obtained. 

It was thought that the low-strength bars might be 
decarburized at the fractme to a greater extent tl^ the 
high-strength bars, and that this decarburization might 
accoimt for the loss of strength. Such a correlation was 
not found, however. The greatest decarburization ex¬ 
isted in bars Nos. 6, 7 and 12, only one of which (No. 12) 
was exceptionally low in strength. Less decarburization 
was found in bars Nos. 1, 3, 9, 11; of these oidy No. 1 
had low strength. The remainder of the bars contained 
little or no decarburization. Several of the specimens 
were regroimd and repolished several times to throw more 
light on this question, but no further results were found. 
However, martensitic areas were 
found at or close to the fractures 
in five out of six of the low- 
strength samples (Nos. 1, 5, 8, 12, 

14). Only No. 6, the highest of 
the low-strength bars, contained 
no martensite. Of the high- 
strength bars, only No. 7 con¬ 
tained a small martensitic area, 
and this area was not right at the 
fracture, but slightly removed 
from it. 

Vickers hardness readings were 
taken across some of the marten¬ 
sitic areas. Figure 17, at 50 diame¬ 
ters, shows some of these areas 
and the Vickers hardness readings 
obtained. Readings taken in the 
light-appearing spots are definitely 
h^der than those taken in the 
normal areas. The dark, wavy 
band in the photomicrograph is the 
tensile test fracture. Figme 18 
shows several martensite areas, 
through some of which the test 
fracture passes. These marten¬ 


sitic areas act as stress raisers and help to cause break¬ 
age in the tensile test. In Fig. 19, which shows the 
martensitic area in the high-strength bar No. 7, it is 
seen that an auxiliary crack parallel to the test fracture 
exists through the area of ms^easite. 

Since the martensite areas, together with small in¬ 
clusions, appear only close to or at the weld, it may be 
assumed that their existence is caused during welding. 
In opposition to decarburization, which is a loss of car¬ 
bon, these areas may contain a higher percentage of 
carbon and impurities than the parent metal. The 
mechanism by which this phenomenon occurs is obscure. 

Test bar No. 6, the only one of the lower strength 
bars which showed no martensite, contains in one are a 
large massive inclusions on either side of the fracture. 
Figure 20 shows these inclusions at high power. Prob- 
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Fig. 17—Vickers Hardness Readings Taken in Martensitic Areas Close to Weld Ten* 

, sile Fracture. Fracture Shown at Top 
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Fig. 18—T«xuile Fracture Through Marteneitic Areas at Weld 
Line 


ably the number and size of inclusions in this bar was 
great enough to cause a lowering of strength. Also bar 
No. 6 has &e highest strength of the low-strength bars. 

As mentioned before, test bar No. 13 was not pulled, 
but sectioned longitudinally and a Vickers hardness ex¬ 
ploration was made on it. Figure 21 is a plot of the hard¬ 
ness readings across the weld. The one value shown on 
the weld line is an average of eight hardness readings. 
Note that in spite of normalizing, hardness values are 
not uniform across the weld. Moreover, even the high¬ 
est strength bars (about 140,000 psi. tensile streng^) 
do not come up to the strength expected from the normal 
hardness shown in Fig. 21, which is about 317 Vickers, 
or about 150,000 psi. tensile strength. 

Apparently the test bars from this weld were nonuni¬ 
form in strength because of several factors, inclusions, 
structural inhomogeneities (both martensite and de- 
carbiuization), and nonuniformity in hardness across the 
weld. These phenomena, except the inclusions, disap¬ 
pear after quenching and tempering, at least as far as 
metallographic examination is concerned. However, if 
nonuniformity exists in the normalized state, it probably 
exists in the quenched and tempered state, even if to a 
less degree. This may account in part for the low 
strength of some of the bars in the first weld of this size, 
which was made with the recommended schedule and 
tested in the hardened and tempered condition. 

As far as the smaller tube was concerned (S'/n in. 
O.D., 2 Vx 6 in. I.D.), possibly the lesser amount of heat 
necessary did not allow the structural inhomogeneities 
to occur to such an extent during welding; hence, 
strengths were higher and more uniform. 

Since factors other than inclusions appear to have some 
bearing on loss in strength, and since these factors are 
readily discernible in the normalized state, it seems evi¬ 
dent that the normalizing treatment given may not be 
all that is desired. Resorting to a higher temperature 
normalizing, or homogenizing treatment (2000® F. or 
above) may be necessary to obliterate the nonuniformity 
in hardness and metallographic structure. 

6-In. O.D., 4-In:IJ). Tubing — S~A£. 4140 

One weld only was made in this size tubing. 

After flash welding, the tube was normalized at 1700° 
F. for 2 hr. The flash and upset were removed by 



Fig. 19—Cracking Througb Martenaitic Area Parallal to TeuiU 
Breu, Shown at Left 

4% Nitai Etch 250 X 


No Etch 750 X 

Fig. 20—Maanve lucluaions Near Tenaile Fracture in Bw 
Which Broke at Low Strength 



Fig. 21—Vickers Hardness Enloration Sample Cut from Flash- 
Welded Tube. 4Vs-In. O.D. Virln. Wall. S.A.E. 4140 
Steel Tube Heat Treated Alter Weld^g: 1700^ F.—P/i Ih.— 
Air Cool 
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Tabl«8 


Weld No. 2-Treatment tlS^ 






Tensile 

Length 

% Elon¬ 

Rockwell 


Bar 

Width. 

Thickness, 

Ultimate 

Strength, 

After 

gation in 

C 


No. 

In. 

In. 

Load, Lb. 

Psi. 

Test, In. 

iVi In. 

Hardness 

Break 

2-3 

0.347 

0.296 

13,640 

132,800 

1.56 

3.3 

27.0 

In weld (penetrator) 

2-4 

0.358 

0.299 

14,600 

136,500 

1.64 

9.3 

29.0 

In weld—clean 

2-4 

0.356 

0.299 

14,520 

136,300 

1.62 

8.0 

27.6 

In weld—small (penetrators) 

2-6 

0.352 

0.294 

14,100 

136,200 

1.62 

8.0 

28.5 

0.05 in. from weld—fiber break 

2-7 

0.348 

0.285 

13,560 

136,800 

1.68 

12.0 

28.0 

0.1 in. from weld 
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Figure 24 at 6 X shows clearly the presence of ferrite 
and pearlite in the weld line and in bands in the parent 
metd of test bar No. 5. 

Of the six bars, Nos. 1, 2, 3 and 4 contained inclusions 
larger, in general, than those found in the smaller tubes. 
All bars showed massive ferrite and pearlite at the weld 
line, indicating decarburization. No martensite was 
found except in small areas in bar No. 1. 

The remaining six bars, Nos. 7-12, were sent out for a 
high-temperature treatment at 2100° F. for 2 hr., fol¬ 
lowed by an air cool. The purpose of this treatment was 
to homogenize the weld line, i.e., allow carbon to migrate 
into it from the parent metal, and hence obliterate the 
decarburized zone. Unfortunately, the bars were oil 
quenched instead of being air cooled, and all cracked lon¬ 
gitudinally. Therefore, they could not be made into 


DISTANCE FROM WELD.IHCUSS 

4% Nital Etch 6 X 

Fi^. 27—Photomacrograph at 2 X of Flash Weld in S.A.E. 4)40 
Steel Tube, 4^A-In. O.D. by 'Ae-In. Wall, and Vickers Hardnees 
Survey Across the Weld. Weld Made in Normal Manner—No 
Atmosphere 


4% Nital Etch 6 X 

Fig. 25—Structure at Weld Line of Homogenised and Normal¬ 
ise Weld in 6-In. O.D., 5-In. I.D. Tube. Note Homogeneity of 
Structure 


DISTANCt FROM VKL0,1ICSM 

4% Nital Etch 6 X 

fig. 28—Photomacrograph at 2 X of Flash Weld in S.A.E. 4140 
Steel Tube, 4^A'hi. O.D. by */■•-!&. Wall, and Vickers Hardness 
Survey Across the Weld. Weld Made in Atmosphere of City 
Gas 




4% Nital Etch 

Fig. 26—Structure at Weld Line of Hom< 
ixed Weld in 6-In. O.D., 5-In. LD. Tube. 

Structure 
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4% Nital Etch 

fig. 29—Photomacrograph at 2 X of Flaah Weld in S.A.E. 4140 
StMl Tube, 4*/fin. O.D. by '/ifln. Wall, and Vickers Hardness 
Survey Across the Weld. Weld Made in Atmosphere of 
Hydrogen 


test bars. They were, however, normalized at 1700® 
F. for 2 hr. after the homogenizing treatment and then 
polished and etched for met^ographic examination. 

That the homogenizing treatment succeeded in its 
purpose is clearly seen in Fig. 25, at 6 X, of bar No. 11. 
No massive ferrite and pearlite are preset at the weld 
line, and marked banding is absent. Contrast this with 
Fig. 24, of the single normalized bar. Figure 26, at 
75 X, ^ows the microstructure of the homogenized and 
normalized bar No. 7 at the weld^ note the uniformity of 
structure as compared with Fig. 23, of a single normalued 
bar. 

Studied in the unetched state, the homogenized sam¬ 
ples contained weld line inclusions, as would be expected. 
Bar No. 7 contained several large massive inclusions, 
and bars Nos. 8, 10 and 12 had nonmetallics to a lesser 
degree. Bars Nos. 9 and 11 were free from inclusions. 

It is interesting to note that in this weld the massive 
inclusions are more predominant than the stringer t 3 T)e. 
In smaller size tubing, stringers are much more in evi¬ 
dence. It is supposed that deeper craters during flashing 
and less effective upset pressure over the entire weld 
face are present here than in small tubes, and hence more 
massive inclusions'can form. 

Bars Nos. 1, 2 and 3 were treated as follows: 

1550® F.—1 hr.—oil quenched 

Tempered at 925® F. for lYa hr. 

They were then machined into standard 0.505-in. 
diameter tensile test bars. Bars Nos. 4, 5 and 6 were not 
treated further, but were machined into 0.505-in. di¬ 
ameter bars. We then had three bars in the heat-treated 
state and three bars in the normalized state for tensile 
test. 

Tensile test results can be found in Table 6. All bars 
broke at full strength, both heat treated and normalized, 


but all broke in the weld at lowered ductility. Few in¬ 
clusions were found, except the rounded ones in bar No. 
4; "penetrators” were few and lightly marked. 

It may be that the decarburized zone at the weld line, 
not fully obliterated by normalizing, or even by nor¬ 
malizing, quenching and tempering, served as a weak 
zone. Hence, the break occurred at the weld line with 
lowered ductility, although the decarburization was not 
great enough to cause an appreciable lowering of strength. 
Apparently, the lowering of strength occurs when mar¬ 
tensitic areas are present in the normalized bar, as 
noted above. Breakage in the weld, of course, was en¬ 
hanced by the presence of inclusions and probably by the 
transverse direction of flow lines. 

Flash Welding in Atmosphere and High-Temperature Ho¬ 
mogenization 

The foregoing studies have indicated that breakage in 
the weld line of large flash-welded tubes with lowered 
ductility and sometimes lowered strength, can be traced, 
at least in part, to the following causes. 

1. "Penetrators,” or nonmetallics, at the weld line. 

2. Structural inhomogeneities at and near the weld, 

such as decarburization, martensitic areas and 
excess fiber segregation. 

Since penetrators are considered to be mainly, if not 
wholly, oxides, the thought of excluding oxygen from the 
weld during flashing arises. This can be done very read¬ 
ily with tubes, as it is necessary only to introduce the 
gas through a hole in the back-up plate of the stationary 
platen, thence through one of ^e tubes to be welded. 
The gas then escapes ^ough the gap between the flashing 
surfaces, thus excluding air from these surfaces. 

In order to rid the wdd of decarburization, martensitic 
areas and fiber segregations, we turn naturally to a high- 
temperature homogenizing treatment, which was con¬ 
sidered in the preceding section. 

For the purpose of studying these factors of atmos¬ 
phere control and of high-temperature treatment, the 
following three welds were made in tubes 4V8 io- O.D., 
3V8 in. I.D. S.A.E. 4140 steel. 



As-Welded 


1 -Noimel weld—no atmosphere. 

2 -Weld made in city gas atmosphere. 

3 .Weld made in hydrogen atmosphere. 
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All specimens 4% Nital Etch 100 X 
Fig. 31—Afl'Welded Miciostructure of Flash Weld in 4Vi-In. 

O.D., SVi'IQ' I-D- Tube. Weld Made in Normal Manner 
Fig. 32—As-Welded Microstructure of Flash Weld in 4‘/i-In. 
O.D., 3Vi-In. I..D Tube. Weld Made in Atmosphere of 1100 
Btu. City Gas 

Fig. 33—As-Welded Microetructure of Flash Weld in 4VrIn. 
O.D., 3Vi*ln. I.D. Tube. Weld Made in Atmosphere of 
Hydrogen 


Weld No. 1 .—This weld was made in the normal man¬ 
ner, i.e., without atmosphere control, and was used for 
the effect of high-temperature treatment. 

Weld. No. 2 .—This weld was made in an atmosphere 
of 1100 Btu. municipal gas. The gas was fed to the weld 
at a pressure of only a few ounces per square inch, as 
this was all the pressme that could be developed. 

Weld No. 3 .—This weld was made in an atmosphere of 
hydrogen, which was fed to the weld at a pressure of 5 
psi. 

In the case of both welds made in atmosphere, the 
gas was introduced through the back-up plate on the 
stationary platen and so to the weld through the tube. 
The gas was allowed to flow to the space between the 
two tubes and was lit before starting the weld. The gas 
was shut off just after upset. 

It is unforttmate that more stock was not available 
for this study; results can be indicative only of what 
may happen in one flash weld. There was enough stock 
to make one or two preliminary welds, however, so that 
the technique was reasonably good. 

Weld No. 3, the hydrogen weld, was made after one or 
two attempts had failed due to stalling. Apparently, 
the cooling effect of the hydrogen caused the weld to 
stall during flashing. An increase of power over that 
employed in welding the normal weld was found neces¬ 
sary in order to do a satisfactory job. No change in 
schedule was needed in the case of the city gas weld, 
probably because the gas pressure was not high enough 
to cause excess cooling. 

As-Welded Specimens 

All welded pieces were cut transversely 3 in. either side 
of the weld. 

From each of the three welds, was cut a sample longi¬ 
tudinally through the weld, about Vs in. thick. These 
specimens were for the purpose of metallographic and 
hardness studies in the as-wdded state. 

Figure 27 shows a photomacrograph of the normal 
weld, and the Vickers hardness exploration across the 
weld. Note the usual decarburized weld line in the 
photomacrograph. This is reflected in the hardness 
plot by the sudden dip in hardness at the weld line. 
That the maximtim hardness of the heat-affected zone oc¬ 
curs about 0.2 in. from the weld line is attributed to the 
greater section of material nearer the weld, due to the 
upset material. This cooled more slowly after welding 
than did the straight section of the tube, and hence did 
not attain to such a high degree of hardness. 

Figure 28 shows a photomacrograph of the weld made 
in city gas atmosphere, and its Vickers hardness explora¬ 
tion. The photomacrograph shows a complete lack of 
decarburization at the weld line. As a matter of fact 
several hard martensitic areas can be seen in the lower 
part of the weld line. The cause of these areas is a matter 
for conjecture. The hardness exploration curve verifies 
the lack of decarburization at the weld line; there is no 
sharp dip as there is in the normal weld. The lower hard¬ 
ness at the weld is caused by the greater section due to 
upset, and hence the slower cool. Moreover, the weld 
line hardness, and as a matter of fact, that of the ^tire 
piece, is at a higher level than that of the normal weld. 
The flow of gas apparently hastened the cooling of the 
weld, causing higher hardnesses. Also, one of the two 
mating pieces was apparently cooled faster than the 
other, as evidenced by the different hardness levels on 
either side of the weld. 

Figure 29 shows a photomacrograph of the weld made 
in hydrogen atmosphere, and its Vickers hardness ex¬ 
ploration. In the photomacrograph it appears that 
there is decarburization at the weld line. This, however, 
is not borne out in the hardness plot, as there is no sharp 
dip in hardness at the weld line, but merely a gradual 
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Hg. 34—Photomacrograph at 2 Z of Flaah Weld in S.A.E. 4140 
St^ Tube, 4^/rIn. O.D. by */ii*In. Wall, and Vickers Hardness 
Survey Across the Weld. W^d Made in Normal Manner, and 
Homogenised at 2100° F. After Welding 

decrease from the hardest part of the heat-affected zone 
down to the weld line. The general hardness level of 
this weld is below those of both the other welds. This is 
in spite of the fact that the flow of gas was grater in the 
hydrogen weld than in the city gas weld, and hence 
should cause faster cooling. It must be remembered 
however, as mentioned before, that it was necessary to 
increase the power level for this weld because of the 
cooling by hydrogen. This increase in power level ap¬ 


parently served to store more heat in the weld and sur¬ 
rounding areas, so that the net effect was that of slower 
cooling, rather than faster cooling, from the welding 
heat. Note also, that as in the cases of the city gas weld, 
one of the mating pieces reached a higher hardness level 
than the other. 

In Fig. 30 are found all three hardness curves on a 
single chart, showing more clearly the differences in 

Fig. 36—Decaxbuiixed Envelope Around Inclusions in Homo¬ 
genized and Normalized Tube 

4% Nltal Etch * 200 X 


4%NitalEtch 100 X 

Fig. 35—Microstructure of Flash Weld in 4V«'In. O.D., 3*/rIn. 
I.D. Tube. Tube Homogenized at 2100° F. 


4% Nltal Etch 100 X 

Fig. 37—Uniform Structure of Homogenized axxd Normalised 
Tube 


hardness levels from weld to weld. It is noted also, as 
mentioned before, that the normal weld is the only one 
showing a sharp dip in hardness at the weld Une. 

Figures 31, 32 and 33 (100 diameters) show the micro- 
structure at the weld line of the three welds. There is 
little difference in appearance. The weld line is noted 
most clearly in Fig. 33 (hydrogen atmosphere). It must 
be remembered that the hydrogen weld was the softest 
of the three, and the apparent structural change at the 
weld line, not brought out by hardness readings, is 
probably caused by the slow cooling. It is a structure 
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1), eight contained inclusions or 
“penetrators,” which appeared 
as stringers or as nests of small 
massive inclusions. Some of 
these inclusions, particularly the 
stringer type, are surrounded by 
envelopes of decarburization, 
which were not removed by 
homogenization and normalizing, 
as shown in Fig. 36. Except for 
these, the weld line is indistin¬ 
guishable from the remainder 
of the structure, as seen in Fig. 
37 at 100 diameters. 

Of the fourteen bars cut from 
the weld made with city gas at¬ 
mosphere, five contained inclu¬ 
sions, mainly of the small massive 
type. Several of the bars showed 
a slight decarburization in parts 
of the weld line. 

Of the thirteen bars cut from 
the weld made in hydrogen at¬ 
mosphere, only one showed a 
weld line inclusion, and this was 
small and round. One or two of 
the bars showed a slight decar¬ 
burization at the weld line. 

.caused by incomplete hardening, rather than decarburi- Vickers hardness plots were taken across one bar from 
zation. each weld. In general, hardnesses were uniform, with 

Homogenization .—Weld No. 1, the normal weld, was no dip at the weld, and varied between 300 and 330 
held at 2100° F. for 2 hr. and air cooled. This horn- V.H.N. 
ogenizing treatment was an attempt to make more uni¬ 
form the structural and chemical differences across the 
weld, with a view toward improving physical test re¬ 
sults. 

Figure 34 shows the photomacrograph of the homo¬ 
genized weld, and its hardness plot. The homogenizing 
treatment was successful in making the structure so uni¬ 
form that the weld line cannot be distinguished. Hard¬ 
ness across the weld also is uniform and no effect of the 
prior decarburization is apparent. 

Figure 35 at 100 X, shows the microstructure of the 
weld as homogenized. No trace of the weld line can be 
found. 

Normalizing .—All three tubes were heated to 1700° 

F., held 1 hr. at heat, and air cooled. This was the first 
treatment given to the two welds made in atmosphere, 
while the normal weld had been homogenized first. 

After normalizing, all three tubes were cut longitudi¬ 
nally into bars about Vie in. square. These were to be 
used for tensile test bars later, but first each bar was 
polished metallographically on one of the longitudinal 
faces, for the study of "penetrators” and microstructure. 

Microstructure of Normalized Welds 

Of eleven bars cut from the normal weld (weld No. 


It is interesting to compare the hardness across ho- 



4% Nital Etch 7.5 X 

Fig. 39—Longitudinal Section Through Tensile Bar from Flash- 
Weld^ and Heat-Treated Tube. Fracture la Outside Weld 
and Partially Follows Fiber Segregations 



Fig. 38—Vickers Hardness Explorations, Flash Welds. S.A.E. 4140 Steel Tubes 

(1) 4Vi-in. O.D., Vu-in. wall. Homogenized 2100® F. Normal¬ 
ized 1700® F. 

(2) 4Vi-ln. O.D., Vi**in. wall. Normalized 1700® F. 

(3) 6-in. O.D., l-in. wall. Homogenized 2100® F. Normalized 
1700® F. 


Table 9 


Weld No. 3—Treatment 


{ Made in atmosphere of hydrogen 
1700® F.—l hr.—air cool 


Tensile 


Bar 

Width, 

Thickness, 

Ultimate 

Strength, 

No. 

In. 

In. 

Load, Lb. 

Psi. 

3-3 

0.306 

0.297 

12,520 

137,700 

S-5 

0.299 

0.296 

12,130 

137,000 

3-7 

0.302 

0.298 

12.400 

137,700 

3-8 

0.300 

0.293 

12,000 

136,500 

3-11 

0.303 

0.296 

12,310 

137,200 


Length 

% Elon¬ 

Rockwell 


After 

gation in 

C 


Test, In. 

iViIn. 

Hardness 

Break 

1.66 

10.7 

28.5 

0.01 in. from weld 

1.65 

10.0 

29.0 

0.1 in. from weld—fiber break 

1.65 

10.0 

28.5 

0.03 in. from weld—fiber break 

1.65 

10.0 

29.5 

0.06 in. from weld 

1.63 

8.7 

29.5 

0.07 in. from weld 
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mogenized and normalized welds as compared with one 
merely normalized. Figure 38 shows hardness plots 
across three welds, the 6-in. O.D., 1-in. wall weld and the 
4Vrin. O.D., ^/t-in. wall, both homogenized, and the 
4Vi-in. O.D., Vie-in. wall as normalized. A dip in hard¬ 
ness at the weld is seen only in the last mentioned. 

Physical Testing of Normalized Bars .—After the nor¬ 
malized bars from the three welds had served their pur¬ 
pose as metallographic specimens, several from each 
weld were machined into' test bars and pulled in the 
normalized condition. Those from the normal weld 
(weld No. 1) were machined round (about 0.350-in. 
diameter measured section) while those from the other 
two welds were made into flat bars. The remainder of 
the bars were held out for further heat treatment. 

Tables 7, 8 and 9 show the tensile test results of the 
normalized bars. All bars are up to strength, but there 
are various types of break. Of the bars p^ed from the 
normal weld (weld No. 1), only one showed a “penetra- 
tor”; the others broke well into the parent metal. Of 
those from the city gas weld (weld No. 2) two showed 
small “penetrators,” while the other three bars broke in 
or close to the weld also, but with clean fractures. 
Bar No. 2-7, which broke 0.1 in. from the weld, had a 
typical parent metal break and high elongation. Bar 
No. 2-6 had an elongation lower than one should expect 
for a parent metal break. This was due to the position 
of the upset fibers, which caused the break partially to 
occur as a transverse test from a steel plate would occur. 
Figure 39, at 10 diameters, shows the fracture following 
the upset fibers, which are partially transverse. The low 
ductility of this bar, then, cannot be traced to faulty 
welding, but to fiber. Cleaner steel, i.e., steel with fewer 
inclusions, and steel with less tendency toward "banding” 
would probably help solve this problem. 

The bars from the hydrogen weld (weld No. 3) had 
no weld line breakages, but ^1 fractures were close to the 
weld, and two of the five definitely contained fractures 
along the upset fiber, while the fiber probably had an 
influence on the breakage of the other three. It is inter¬ 
esting to note that the normal weld, which had been 
homogenized prior to normalizing, showed no fiber break; 
breaks outside the weld occurred well into the parent 
metal. This tends to prove, on the basis of scanty evi¬ 
dence, that homogenizing helps to eradicate the deleteri¬ 
ous effects of upset fiber. 

Heat Treating 

Tfie remaining bars from the three welds, which had 
not been pulled in the normalized condition, were heat 
treated as follows: 

1575° F.—1 hr.—oil quench 

Tempered at 880° F.—1 hr. 

These bars were then machined into round test bars. 
Tensile test results are shown in Tables 10,11 and 12. 

As in the normalized bars, both the city gas weld and 
the hydrogen weld showed fiber breaks in some bars 
while the normal weld broke definitely in the weld or in 
the parent metal. This corroborates the theory that 
homogenizing tends to prevent breakage in the fiber. 

Four out of six of the bars from the normal weld broke 
in the weld, showing penetrators. 

The bars from the city gas weld contained fewer pene¬ 
trators than did the normal weld, but one particular 
sample, bar No. 2-1, broke at a strength value below the 
proper level. As a matter of fact, this was the only sub- 
strength bar in the lot. Figure 40 at 4 X shows the frac¬ 
tures of this bar. Note that there is a large penetrator in 
these fractures. This is probably one of those cases in 
which the penetrator covers enough area and is concen¬ 
trated enough in nonmetallics actually to lower the 


Fig. 40—^FractuTM of Tenaile Bar from Wold Mad* in City Gas 
Atmosphore. The Strength of Thia Bar Was Low. Note Non- 
met^c Appearance 


4 X 



4 X 

Fig. 41—Fractures of Tensile Bar from Weld Made in City Gas 
Ahnosphere. These Are Characteristic Fractures When Part • 
of the Break Occurs Along the Fiber 


strength of the cross section. This bar was sectioned 
longitudinally on the plane suggested by the arrows in 
Fig. 40 and polished metallographically. No change in 
structure was noted at the fracture, but several massive 
type inclusions were found in the weld line, right next 
to the fracture. There probably existed a large nest of 
massive inclusions in this area, most of which could not 
be found after fracture. 

The heat-treated bars from the hydrogen weld were 
all clean with the exception of bar No. 3-9, which showed 
a small penetrator in the fractures. The break occurred 
only partially in the weld and the ductility of the bar 
was greater ^an that occurring in most weld breakages. 
As a matter of fact, the ductility is nearly on a par with 
that of the bars which broke in the fiber. 

Figure 41 shows the appearance of the fracture of bar 
No. 2-13. This is a typical fiber break, which apparently 
started from the periphery of the bar in two places, 
followed the fiber and then snapped when the cross 
section became small enough. 


Conclusions 

Specimens of bar stock from one alloy steel which were 
flash welded and heat treated retained the tensile 
strength of the parent metal. Excess fiber segregation 
caused lowered ductility through breakage in die upset 
fiber in some cases, but no defects were found. Probably 
a high-temperature homogenization before heat treat¬ 
ment would help to eradicate the ill effects of fiber. 

The tendency of flash-welded heavy wall tubes to ex¬ 
hibit “penetrators” and structural inhomogeneities at 
the weld and the resulting low properties were discussed, 
and attempts made to solve these problems in a limited 
fashion. On the basis of a few tests, oxides at the weld 
line were at least partially eradicated by the use of at. 


FLASH WELDING LOW-ALLOY STEELS 

Digitized by 'z-jOO^ 1’'- 


1945 


43-8 







Table 10 

/Normal weld—no atmosphere 
(210Q‘’F.—2hr.—aircool • 

Weld No. 1—Treatments 1700" F.—1 hr.—air cool 

11675" F.—1 hr.—oil quench 
^Tempered at 880® F. 





Tensile 

Length 

% Elon¬ 

Diam. 

% Reduc¬ 


Bar 

Diam., 

Ultimate 

Strength, 

After 

gation in 

After 

tion in 


No. 

In. 

Load. Lb. 

Psi. 

Test, In. 

IV* In. 

Test, In. 

Area 

Break 

1-1 

0.349 

18,660 

195,200 

1.68 

12.00 

0.257 

45.80 

Parent metal 

1-3 

0.348 

17,620 

185,300 

1.52 

. 1.34 

0.342 

3.47 

In weld (penetrator) 

1-4 

0.350 

17,540 

182,300 

1.61 

0.67 

0.345 

2.91 

In weld (penetrator) 

1-6 

0.346 

17,820 

189,600 

1.68 

12.00 

0.254 

46.20 

Parent metal 

1-9 

, 0.351 

17,700 

183,000 

1.52 

1.34 

0.342 

5.04 

In weld (penetrator) 

1-11 

0.347 

17,500 

185,200 

1.56 

4.00 

0.336 

6.24 

In weld (penetrator) 


Table 11 


Weld No. 2—Treatment 


i Made in atmosphere of city gas 
1700" F.—1 hr.—air cool 
1575® F.—1 hr.—oil quench 
Tempered at 880® F. 


Bar 

Diam., 

Ultimate 

Tensile 

Strength, 

Length 

After 

% Elon¬ 
gation in 

Diam. 

After 

% Reduc¬ 
tion in 


No. 

In. 

Load, Lb. 

Psi. 

Test, In. 

IViIn. 

Test, In. 

Area 

Break 

2-1 

0.349 

14,280 

149,400 

1.51 

0.67 

0.344 

1.82 

In weld (penetrator) 

2-2 

0.349 

18,220 

190,600 

1.68 

12.00 

0.262 

43.60 

Parent metal 

2-8 

0.350 

18,450 

192,000 

1.59 

6.00 

0.318 

17.46 

Fiber break 

2-9 

0.350 

17,980 

186,900 

1.60 

6.70 

0.310 

21.60 

Partially in weld—clean 

2-10 

0.361 

18,820 

194,600 

1.58 

5.35 

0.327 

13.23 

Partially in weld—clean 

2-11 

0.347 

17,560 

186,000 

1.61 

7.34 

0.306 

22.20 

Partially in weld—clean 

2-12 

0.346 

17,460 

187,000 

1.54 

2.67 

0.329 

9.00 

Partially in weld—small pene- 

2-13 

0.350 

18,200 

189,200 

1.60 

6.70 

0.322 

15.60 

trators 

0.1 in. from weld—fiber break 

2-14 

0.352 

19,060 

197,000 

1.59 

6.00 

0.334 

9.97 

In weld (small penetrator] 


Table 12 


Weld No. 3—Treatment 


i Made in atmosphere of hydrogen 
1700" F.—1 hr.—air cool 
1576" F.—1 hr.—oU quench 
Tempered at 880® F. 





Tensile 

Length 

% Elon¬ 

Diam. 

% Reduc¬ 


Bar 

Diam., 

Ultimate 

Strength, 

After 

gation in 

After 

tion in 


No. 

In. 

Load, Lb. 

Psi. 

Test, In. 

IViIn. 

Test, In. 

Area 

Break 

3-1 

0.361 

18,640 

191,700 

1.67 

11.34 

0.267 

42.20 

Parent metal 

3-2 

0.349 

18,640 

195,000 

1.67 

11.34 

0.262 

43.60 

Parent metal 

3-4 

0.349 

18,200 

190,500 

1.67 

11.34 

0.264 

42.80 

Parent metal 

3-6 

0.349 

17,880 

187,000 

1.67 

11.34 

0.258 

45.40 

Parent metal 

3-9 

0.349 

17,960 

188,000 

1.59 

6.00 

0.327 

12.16 

Partially in weld (small 
penetrator) 

Parent metal 

3-10 

0.348 

17,900 

188,400 

1.68 

12.00 

0.263 

42.90 

3-12 

0.350 

18,020 

187,300 

1.60 

8.70 

0.323 

14.85 

Fiber break 

3-14 

0.349 

17,880 

187,000 

1.62 

8.00 

0.315 

18.40 

Fiber break 


mosphd’e control, hydrogen being more effective than 
city gas. It may be that drying these gases before use 
will result in a further impravement. High-temperature 
homogenization helped to make the structure more imi- 


form, obliterated fiber segregations partially and tended 
to throw the tensile break away from the weld line. 

It is hoped that these limited results will stimulate 
more work of this nature. 


Reviews of Foreign Literature 

{Continued from page 24-s) 

resistance- Tests showed that annealing at 700 to 800° 
C. reduces the corrosion to a negligible level, but heating 
to 1000 to 1100° C. raises it again. The corrosion takes 
place along the grain boundaries, and the loss of weight 


is less when the annealing at 1100° C. is more protracted 
(e.g., 4 hours); when the grains are very large (as they 
are after a long heat treatment) the 4^hr. attack by 
nitric add is not suffident to work under the grain and to 
separate it completdy from the parent metal. The low 
corrosion resistance of the grain boundaries is probably 
due to a low concentration of chromiiun in the external 
layers of the grain; and annealing at 700 to 800° C. 
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presumably equalizes the concentration of chromium. 
The results show that the welding of chromium steel 
should be followed up by annealing the weld at 700 to 
800° C. for 30 min. If this is impossible and the weld is 
likely to come in contact with highly corrosive liquids, 
chromium steels should not be used. Instead a steel 
consisting of C 0.05, Mn 0.56, Si 0.43, Ni 1.02, Cr 15.72, 
Ti 0.35 is recommended, but further investigations on 
this type of steel are to be carried out. 

A New Method for Welding Cables. III. ETZ, 
vol. 63, 1942, Dec., pp. 587-591. 

The method of welding described applies to electrical 
cable and conductors and to mechanical cables. The 
blank cable ends to be joined are inserted in a ceramic 
tube, the ends meeting inside the tube. A suitable 
alternating current is applied which, as in the butt weld¬ 
er, causes the ends of the cable to melt. One cable is 
then fed continuously into the tube until the latter is 
filled with molten metal which, on solidification, forms a 
solid block in which both ends of the cable are firmly 
embedded. Details are given of the apparatus used 
and the operations involved. Results show that the 
weld made by this means has very good mechanical 
strength. Illustrated by 4 photographs and 1 graph. 
{Abstracted in Metrop-Vickers Tech. News Bull., 1944, 
June 23, p. 8.) 


Corrosion* 

Effect of Welding 

I N THE welding of solid, corrosion-resisting materials, 
a filler rod of substantially the same material is used; 
therefore, basically, the weld metal has the same in¬ 
herent corrosion-resisting properties as the parent metal. 
The difference in physic^ structure between the weld 
metal (which may be considered to be similar to a casting) 
and the parent metal is not sufficient, in correctly made 
welds, to cause any significant difference in corrosion re¬ 
sistance. Of much greater importance are the selection 
of the proper welding rod and coating and the technique 
of depositing the weld metal to produce sound welds 
and avoid such defects as gas pockets, laps, imder-cutting 
and excessive nometallic (slag) inclusions. Frequently 
these defects will initiate localized corrosion, which 
usually becomes evident in the form of pitting. 

When dealing with alloys that are subject to loss in cor¬ 
rosion resistance as a result of exposure to temperatures 
reached in welding, any structural transformation that 
occurs may impair corrosion resistance in the vicinity of 
the welds. Carefully controlled welding procedure, and 
heat treatment of the unit after welding, are means em¬ 
ployed to insure maximum corrosion resistance. Nickel, 
Monel, and Inconel do not require any special thermal 
treatment because of their freedom from detrimental ef¬ 
fects when exposed to welding temperatures. 

Welds of Monel, nickel and Inconel when properly 
made are comparable with the rolled material in corrosion 
resistance. In order to determine the corrosion resistance 
of weld metal as compared with the parent sheet, the 
following test was made. Monel was welded with the 
metal arc and some buttons representing only deposited 
metal were cut from the weld. These and samples of the 
parent sheet were exposed to the action of a sulphuric acid 
solution. The data obtained are given in Table 1. 

* Taken from pamphlet on above sui^'ect published by the iDtematiooal 
Nickel Co.. 67 Wall St., New York, N. Y. 


Tabl* 1—Corroaion of Monel Arc Welds Totally Immersed 
in Aerated 5 Per Cent Sulfuric Acid for 166 Hr. at 
86“ F. (30“ C.) 

Material Corrosion Rate, Mdd. 

Monel sheet. 330 

Monel weld (metal-arc). 290 


In another test both Monel and nickel carbon-arc 
welds, made in the same manner as above, were compared 
with the parent sheet metal. The results are given in 
Table 2. 


Table 2—Corrosion of Monel and Nickel Carbon-Arc Welds 
it Aerated 5 Per Cent Sulfuric Acid for 20 Hr. at 
86“ F. (30“ C.) 


Material 


Corrosion Rate. Mdd. 


Monel sheet. 241 

Monel welds (carbon-arc). 215 

Nickel sheet. 430 

Nickel welds (carbon-arc). 408 


The welding of clad materials with filler rods having a 
composition similar to that of the cladding must be ac¬ 
companied by dilution of the weld metal with iron from 
the steel base metal. Under certain conditions, too 
much iron dilution can decrease the corrosion resistance 
of the weld metal as compared to that of the cladding. 
Selection of proper cladding thickness with relation to the 
thickness of the base plate, combined with proper weld¬ 
ing technique, will reduce iron dilution to a s^e value. 
Practical experience in the metal-arc welding of nickel- 
clad steel with nickel electrodes, and of Inconel-clad 
steel with electrodes made of an alloy containing 80 per 
cent nickel and 20 per cent chromium, in applications 
where they are recommended, have shown that the welds 
have corrosion resistance comparable with the cladding. 
The data of Tables 3 and 4 are significant. 


Table 3~Oorrosion of Nickel and Inconel with Added Iron 
to Simulate Iron-Diluted Weld Metal in Aerated and 
Agitated 16 Per Cent Calcium Chloride Brine for 
100 Daye at Room Temperature 

Corrosion Rate 


Material Mdd. 

Nickel. 4.2 

95percentNi, SpercentFe. 2.2 

90 p>er cent Ni, 10 per cent Fe. 2 

80 per cent Ni, 20 per cent Fe. 3.4 

Inconel. 1.1 

76 percent Ni, 10 percent Fe, 14 per cent Cr... 1.9 

68 percent Ni, 20 percent Fe, 12 per cent Cr... 2.0 


Table 4—Corroaion of Monel with Added Iron to Simulate 
Iron-Diluted Welda at Room Temperature 


Material 


Monel. 

Monel -h 5 per cent Fe 
Monel -j- 10 per cent Fe 
Monel -j- 20 per cent Fe 


Corrosion Rate, Mdd. 

In 8.5 per cent In Aerated 5 
Aerated and per cent Hy- In Aerated 
Agitated Sul- drochloric 5 per cent 

furic Acid Acid Nitric Acid 


205 

222 

231 

209 


508 

559 

553 

592 


399 

548 

539 

642 
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Problems in Spot Welding of Heavy 

Mild Steel Plate 

By Dr. F. R. Hensel/ E. I, Larsen^ and E. F. Holt^ 


Introduction 

T here is considerable literature available rela¬ 
tive to the spot welding of heavier gage steel which 
has resulted from the increasing ^orts of the 
metal fabricating industries to adopt the economy and 
reliability of the resistance welding process in joining 
of heavy steel structural members. 

Some articles deal principally with the more general 
aspects of heavy steel spot welds, * while others present 
the results of more detailed investigations.*- * 

Still others relate to the use of more highly specialized 
welding equipment and processes for spot welding of 
heavy hardenable and nonhardening steels.*- * Perhaps 
the most complete summary of available literature on the 
subject is contained in the literature review compiled by 
the Literature Committee of the Engineering Founda¬ 
tion, Welding Research Council.^ 

The data presented in the present paper are considered 
an addition to existing literature and relate the results 
of tests conducted in the spot welding of ’^/vxn. thick hot- 
rolled mild steel. 

Sco|>e of the Investigation 

Although many investigators have reported results of 
tests conducted to determine the effect of welding condi¬ 
tions on the static mechanical properties of spot welds in 
heavy gage steels, and several publications set forth 
recommended welding conditions, there still exists a 
broad gap in the correlation of welding conditions with 
some of ^e more basic weld qualities. The present in¬ 
vestigation was carried out to determine certain weld 
characteristics with respect to welding conditions and 
electrode design. Conventional a.-c. resistance welding 
equipment was employed in all tests. 

Description of Welding Equipment 

The resistance spot welder used in the experimental 
work was a 150-kva. press t)T)e welder, having a roller 
bearing mounted, air lock type head providing low inertia 
features. The welder was motor operated through a 
double stop clutch, the head movement being governed 
through an eccentric cam and toggle linkage. 

The timer initiating switch was actuated by a fan cam 
connected directly to the eccentric cam shaft, through 
which means the synchronism of the current timing with 
the weld pressure period was maintained. In all tests 
the double stop clutch was employed and a definite 
squeeze and hold period maintained regardless of the 
current timing schedule. The pressure range of the ma¬ 
chine was from 200 to 8000 lb., adjustable through a 
regulated air pressure system. 

* Preaented at the Twentr.Pifth ADOual Meeting, A.W.S., Cleveland, Ohio. 
Oct. 10 to 16, 1644. 

t P. R. Mallory ft Co., Inc., Indianapolis, Ind. 


The transformer primary was provided with 32 taps 
for heat regulation. 

The current timing device was a fully electronic syn¬ 
chronous spot, pulsation or seam welding timer having 
phase shift heat control. The maximum spot timing ob¬ 
tainable with the control was 30 cycles. To obtain con¬ 
tinuous timing periods up to 5 sec., the pulsation feature 
of the control was employed, interposing a one-cycle 
off period between 30-cycle on periods. This substan¬ 
tially duplicated a continuous current pulse, and in the 
following text the continuous timing periods referred to 
were obtained by this method. For example, a 5-sec. 
timing period was obtained from the pulsation schedule 
of 30 cycles on, 1 cycle off, 10 pulsations. 

Electrode Headers and Cooling Medium 

Some preliminary experiments were carried out using 
straight electrode holders moimted in the spot welding 
arm of the welder. It was evident that when applying 
pressures necessary to obtain suitable welds, the dellec- 



fig. 1 
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tion of the arm and holders caused excessive relative 
movement of the welding tips. This resulted in severe 
expulsion of metal from the interface of the welds even 
at low heat input values. Expulsion would occur at 
current values far below those necessary to obtain welds 
of optimum strength. « 

Further, sheet separation was pronounced and ir¬ 
regular, resulting from the extrusion of metal at the weld 
interface. To minimize expulsion and sheet separation, 
the electrodes were mounted on platen type holders, 
which were attached to the projection welding platen of 
the welder. This arrangement permitted the electrodes 
and their holders to be aligned on the center line of the 
movable head thereby largely eliminating any offset 
forces on the moving head and reducing deflection to a 
minimum. 

The platen holders, adaptors and electrodes are shown 
mounted on the platens of the welder in Fig. 1, and the 
details of their construction are illustrated to scale in 
Fig. 2. 

The measurement of relative electrode movement by 
means of dial indicators in a plane at right angles to the 
center line of the platen type holders, disclosed a deflec¬ 
tion not exceeding 0.0016-in. with 4000 lb. pressure apH 
plied. 

For the purpose of cooling the electrodes, the city 
water supply proved unreliable in pressure and tempera¬ 
ture and a refrigerant cooling system was used through¬ 
out the tests which provided a greater flow of coolant 
at a constant rate and more uniform temperature. A 
description of the refrigerant cooling system may be found 
in a previous paper by the authors.® 

Essentially the electrodes were cooled by circulating a 
refrigerated ethanol-water solution (50/50) at a flow rate 
of 5 gal. per minute per tip at a temperature of —25® C. 
(-13® F.). 

A few crucial experiments in the preliminary work 
showed the tip temperature, as measured by a ^ermo- 
couple imbedded in a silver plug V*s in. beneath the weld¬ 
ing face, reached a maximum of about the same value 
for either refrigerant cooling or water cooling. 


*Fabl« l~Prop«rtiM o£ ^/ 4 -In. Hot-Rolled Mild Steel Used in 
Spot Welding Teste 


Hardness. Rockwell B. 67 

Ultimate tensile strength, psi. 63,600 

iElongation, % in 2 in. 38.4 

Electrical conductivity, %ofI.A.C.S. 13.42 

Chemical composition, % 

Carbon. 0.14 

Manganese. 0.48 

Phosphorus. 0.016 

Sulphur. 0.062 


Table 2—Electrode Material Propertiea 


Metal. Mallory 3 

Stock. IV* in- diam 

Engineering code No. L'1951 

Hardness, Rockwell B. 80 

Electrical conductivity, % of I.A.C.S. 86.6 


A more detailed description on the use of refrigerant 
cooling of spot welding electrodes may be found in two 
papers listed in the appended bibliography.®- • 

Material Welded and Preparation 

The material in this investigation was thick hot 
rolled mild steel. The metal was in the form of strip 
2 in. wide and for the test welds was cut up into lengths 
of 6 in. to make lapped shear test specimens. Pertinent 
information regarding the material as determined in the 
Laboratory from randomly selected samples, is tabu¬ 
lated in Table 1. 

Various solutions and methods of pickling the steel 
were investigated to provide a clean and uniform surface 
for welding. Many of the raw acid type solutions, both 
hot and cold, were tried but due to ^e variation in the 
thickness and texture of the scale, consistently clean 
surfaces could not be obtained wi^out severe pitting 
of the metal surface. 

The solution eventually adopted was a commercial 
product Oakite No. 32 which is an acid type pickling 
solution containing suitable inhibitors which, in remov¬ 
ing the scale efficiently, minimize attack to the steel. 
This solution was used at room temperature and in the 
proportions of 50% Oakite No. 32 to 60% water. The 
use of this solution permitted a standardized cleaning 
procedure to be adhered to and the cleaned steel surfaces 
presented a uniform and consistent finish. Detailed 
method of cleaning is disclosed in Appendix A. 


Table 3—Electrode Design Identification 


Electrode 

Design 

Identilca- 

Design 



tion 

Sketch 

Face Contour 

Remarks 

A 

Fig. 3 

2 in. radius 

Both upper and 
lower electrodes 
similar 

B 

Fig. 4 

Vrin. diam. flat, 30* 
approach 

Both upper and 
lower electrodes 
similar 

C 

Fig. 5 

2 in. radius with Vr 
in. diam. flat 

Both upper and 
lower electrodes 
similar 

D 

Fig. 6 

Upper—2 in. radius 
Lower—IVrin. diam. 
flat face 



Electrode Material and Design 

All electrodes were made from a mill length of Mallory 
3 Metal iVt-hi- diameter drawn rod. Table 2 lists the 
physical properties of the material. 

Four dectrode designs were investigated, all being 
basically female threaded tips but with different welding 
face contours. The designs are identified by accompany¬ 
ing sketches as listed in Table 3. 

All electrodes used in the investigation were female 
threaded (*/♦ in.—16 tap) iVi in. diameter and 1*/* in. 
long. 
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ELECTRODE DESIGN'A" 


ELECTRODE DESIGN'S' ELECTRODE DESIGN'D 


UPPER AND LOWER ELECTRODE 
IDENTICAL 


UPPER AND LOWER ELECTRODE IDENTICAL UPPER AND LOWER ELECTRODE IDENTICAL 




The first design, shown in Fig. 3 and designated as 
electrodes A, had a 2-m. spherical radius face. 

The electrodes B (Fig. 4) had a Vrin. flat face and 30® 
approach. 

The electrodes C (Fig. 5) had a 2-in. radius face with 
a Vt-in. diameter flat. 

Both upper and lower electrodes were similar in the 
first three cases mentioned, but in the last set shown in 
Fig. 6 and designated as electrodes D, the upper electrode 
had a 2-in. radius face, while the lower electrode was a 
flat face tip whose contacting surface was the same as the 
major diameter of the electrode. 

The latter combination was investigated since in many 


spot-welded products it is frequently necessary that at 
least one sheet be relatively free of indentation. 

Current Timing Schedules 

Seven current duration schedules were investigated, 
five of which were continuous current applications, 
while two were pulsation welding schedules. 

The five continuous timing periods were 1, 2, 3, 4 and 
5 sec., while the two pulsation schedules were 20 cycles 
on, 5 cycles off, 12 pulsations, and 20 cycles on, 10 cycles 
off, 15 pulsations. The schedules are identified in the 
test results by a single number which identifies the timing 
period as listed in Table 4. 


Tabl* 4-7-CuiT«nt Timing Sch»dulM 


Welding Pressure 


Schedule 

Identification 

1 

2 

3 

4 
6 
6 
7 


Current Timing Schedule 

1 sec. ( 60 cycles) 

2 sec. (120 cycles) 

3 sec. (180 cycles) 

4 sec. (240 cycles) 

5 sec. (300 cycles) 

20 cycles on, 5 cycles off, 12 pulsations 
20 cycles on, 10 cycles off, 15 pulsations 



Fig, 6—Electrode Design 
*‘D" 


Preliminary investigation revealed that a welding 
force as low as 2000 lb. on the V4->n. stock was insuf¬ 
ficient and was conducive to considerable variation hi 
resultant weld strength with a given heat input. Poros¬ 
ity, as revealed by X-ray analysis, was also rather pro¬ 
nounced in most instances with this pressure, while a 
force as high as 4000 lb. resulted in excessive sheet separa¬ 
tion by reason of extrusion of plastic metal at the sheet 
interface. Porosity, however, was materially reduced 
but indentation substantially increased. As a result of 
the preliminary work, a welding force of 3000 lb. was 
selected and adhered to throughout the test series. 



Fig. 7—Shear Test Specimen 
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Tabl« 5—Twt Conditions for Ezpsrimental Wolding of 
In. MUd StMl 


(o) Welding force. 

b) Current timing. 

c) Squeeze period. 

(d) Hold period. 

(e) Air lo^ collapse. 

m Electrode material. 

(f) Electrode design. 

(A) Electrode coolant. 

(t) Cocdant flow rate. 

0 Electrode holders. 

(k) Material welded. 

(l) Material preparation. 

(m) Standard test specimen... 
(a) Length of test specimen 

inserted in ten^e ma> 

chine grip. 

(o) Loading rate on tensile 
machine. 


30001b. (using w lock cylinders) 
Variable—Table 4 
2 sec. 

5 sec. 

^A minimiun—*/t in. maximum 
Mallory 3—Table 2 

4 types—Table 3 
Refrigerant at —25° C. 

5 gal./min./tip 
Fig. 2—platen type 

*A' z 2-in. hot-rolled mild steel 
Chemical clean in Oakite No. 32, 
Solution—^Appendix A 
Fig. 7 


1»A in. 

0.05 in. per minute 


aligned and subjected to twenty conditioning welds. 
In Table 6 is listed a summary of the test conditions. 

Analyses of the welds were made from the determina¬ 
tion of factors disclosed in Table 6. 

Indentation was determined by means of a dial indi¬ 
cator and the average of three readings on any one weld 
impression was accepted. 

Sheet separation was measured as the maximum sepa¬ 
ration at any point on the lapped section of the shear 
test specimen.. The total thickness of the welded plates 
was measured and the sum of the thickness of the plates 
was subtracted. 

Weld penetration was measured on sectioned speci¬ 
mens and the per cent penetration expressed as 

^ X 100 

where 

T — thickness of one sheet 

i = distance that weld nugget extends into sheet 


Test Procediixe 


The weld nugget diameter was averaged from meas¬ 
urements made on fractured and sectioned samples. 


The test procediue consisted of making a series of 
test welds on each of the four electrode designs, the vari¬ 
ables being timing schedtiles and secondary current. 
For each timing schedule the welding current was varied 
in about eight steps from a low value, at which no well- 
defined weld area occurred, to a high value at which 
metal expulsion consistently occurred. At each current 
value five welds were made, three of which were used as 
shear test specimens. Two welds were made for macro¬ 
scopic and microscopic analysis and measurement of 
weld diameters. All welds were subjected first to X-ray 
analyses and indentation measured. The dimensions of 
the test weld specimens are shown in Fig. 7. 

A fixture was provided over the lower welding electrode 
in order to properly position the weld. This can be seen 
in the photograph, Fig. 8, which also illustrates the de¬ 
tails of the setup with the steel plates in position. 

The circular object surrounding the lower electrode in 
Fig. 8 is an air core toroidal coil in which is induced a 
voltage when current flows through the electrodes. The 
coil is woimd in such a manner that voltage induced in 
the toroid is independent of the position of the device 
axoimd the electrode. The induced voltage is integrated 
by a simple resistance-capacitance circuit and the re¬ 
sultant signal is fed into the amplifier of a cathode-ray 
oscilloscope. The image obtained on the screen faithfully 
reproduces the welding current wave form even when 
phase shift heat control is used. This equipment, having 
been calibrated, was used to measure me magnitude of 
the secondary current. 

The consistency of the timing and pulsation periods 
was determined for every weld made by means of a 
Brush Oscillograph, utilizing a split core transformer in 
the welder primary as a source of signal. 

Before commencing a test, all electrodes were carefully 



Fig. 8 


*Table 6—Interpratation o£ Weld Qualitiee on Following 
Meaaurements 

1. 

Welding current 

2. 

X-ray analysis 
(o) Porosity 
(6) Cracks 

3. 

Indentation (% of single sheet thickness) 

4. 

Sheet separation 

6 . 

Breaking load 

6 . 

% weld penetration 

7. 

Weld nugget diam. 


Test Results 

Welds Having Optimum Strength Without Expulsion 

Increasing the magnitude of the welding current nor¬ 
mally increased the mechanical strength of a spot weld 
up to a point at which expulsion of molten metal oc¬ 
curred from the interfaces of the materials welded. In 
the heavier gages of steel the occurrence of expulsion at 
higher current values did not necessarily indicate that 
the weld would have inferior streng^ when tested in 
shear. The shear strength of welds in which expulsion 


SPOT WELDING HEAVY STEEL PLATE 


Dioiiized by 


Googir 


49-b 


1945 

















occurred, in some cases, disclosed higher values than that 
of welds made at ciurents slightly below that at which 
expulsion occurred. However, the occurrence of expul¬ 
sion was invariably accompanied by such undesirable 
effects as severe indentation, excessive sheet separation 
and, probably most objectionable, extensive porosity in 
the weld area. The latter defect may be instrument^ in 
materially lowering the impact and fatigue strength of 
the joint. For comparative purposes in our tests, a weld 
of optimum strength was, tiierefore, considered as one 
produced by a current value slightly less than that at 
which expulsion occiured. 

The optimum value of current would be the highest 
value of current possible without expulsion ever occur¬ 
ring, considering the normal variations of material prepa¬ 
ration, surface condition and welding technique. In 
most cases the optimum current was found to average 
about 1500 amp. below the expulsion value. 

The bar chart. Fig. 9, discloses the breaking load in 
poimds and per cent indentation for optimum welds 
without expulsion as averaged from all tests. The type 
of failure is also shown and the chart includes the results 
on all four electrode designs and seven timing schedules. 

In examining the chart, Fig. 9, the values presented are 
average values computed from a limited number of 
specimens. For example, the breaking load was com¬ 
puted from tests on three' specimens, while the indenta¬ 
tion was averaged for five welds, and while all welds 
were made in close succession under as carefully con¬ 
trolled laboratory conditions as possible, it should be evi¬ 
dent that a greater number of samples would shift the 
average slightly one way or the other. The charts, 
therefore, indicate a general trend. 

A sectioned sample of a typical weld properly polished 
and etched, perhaps reveals much important informa¬ 
tion impractical to convey in numerical values or written 
word. 


Figure 10 shows typical weld structures corresponding 
to the optimum welds in Fig. 9, bar chart. 

The welds in Fig. 10 were sectioned through the weld 
center, prepared by polishing down to 3/0 paper and 
etching wto a reagent consisting of one part iodine, two 
parts potassium iodide and ten parts water. This 
etchant clearly defines the weld area and permits photog¬ 
raphy of low magnifications. Each weld shown illus¬ 
trates a weld section made at optimum current value for 
the various electrode designs and timing schedules. 

A slight overetching is apparent in a few of the weld 
sections; for example, the weld made with the D elec¬ 
trodes at timing schedule 5 seems, at first glance, to ex¬ 
tend entirely through the plates. A closer examination 
shows that reagent has attacked the metal siuround- 
ing the weld nugget, obscuring its boundary. Actually 
the plate penetration is about 70%. 

The numerical figure on each weld in Fig. 10 is the 
average breaking load for the three shear test specimens 
made at the particular current value, with the given elec¬ 
trode design and timing schedule. 

Typical radiographs from the optimum weld series 
are disclosed in Fig. 11. This figure was prepared by 
making contact prints from the radiograph negatives. 
The radiographs are not necessarily the weld shown in 
the sectioned group, Fig. 10, but are a typical radiograph 
from one of the five welds in any specific group of 
welds. 

The balance of pertinent data relative to the optimum 
weld series including welding current, heat input and 
sheet separation, is compiled in Table 7. 

An analysis of Figs. 9, 10 and 11, and Table 7 indicates, 
generally, the following conclusions; 

(a) Electrode Contour .—Welds of optimum strength 
without expulsion and with minimum indentation may be 
obtained using electrodes C (Fig. 5). 

Electrodes A (Fig. 3) produced welds of good strength 


8REAKIN6 LOAD S INDENTATION FOR WELDS OF OPTIMUM STREN6TH WITHOUT EXPULSION AS A 
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Fig. 10—Electrode Design 


but porosity was slightly more pronoimced and indenta,- 
tion was greater. 

The pointed electrodes B (Fig. 4) produced welds with 
a minimum of porosity over a wider range of welding 
conditions. However, the indentation and sheet separa¬ 
tion at heat input values producing high-strength welds, 
was probably prohibitive. 

The electrodes D combination, the use of which was 
intend'ed to produce a negligible indentation in one sheet, 
gave welds of satisfactory strength although some poros¬ 
ity was exi)erienced. 

Referring to Fig. 10 it is observed that the important 
prerequisite to obtain a suitable weld with electrodes D 


is to obtain symmetrical penetration of the weld into 
each sheet. TTie tendency for the weld area to develop 
largely in the sheet against the radius faced electrode was 
due to the higher current density in this sheet, caused by 
the restricted electrode contact area, combined with the 
low current density in the sheet contacted by the large 
flat electrode and its greater rate of heat dissipation. 

(6) Timing Schedules .—^An examination of the fore¬ 
going r^ults, and more specifically the bar chart, Fig. 9, 
and weld sections. Fig. 10, indicates that the selection of 
a suitable timing schedule is of greatest importance if 
welds of adequate diameter and freedom from undesir¬ 
able features are to be obtained. 


Tabl*7 


Electrodes 

Schedule 

Timing 

Welding Ciurent, 
Amp. X 10** 

Heat Input, 
PT X 10^ 

Weld Diam., In. 

Sheet Penetraton, % 

Sheet 

Separation, In 

A 

1 

19.70 

38.8 

0.126 

25 

Nil 


2 

16.40 

55.6 

0.343 

56 

Nil 


3 

21.04 

132.6 

0.656 

66 

0.043 


4 

19.53 

152.8 

0.656 

66 

0.046 


5 

19.53 

191.0 

0.780 

65 

0.048 


6 

22,00 

192,8 

0.687 

66 

0.040 


7 

22.50 

263.0 

0.750 

62 

0.044 

B 

1 

26.80 

71.5 

0.360 

48 

0.012 


2 

23.75 

108.0 

0.600 

64 

0.026 


3 

20.00 

120.0 

0,530 

68 

0.034 


4 

19.50 

162.0 

0.610 

67 

0.051 


5 

18.40 

168.0 

0.670 

68 

0.052 


6 

21.60 

186.0 

0.730 

60 

0.058 


7 

23.90 

285.0 

0.750 

56 

0.060 

C 

1 

24.80 

61.2 

0.380 

53 

0.023 


' 2 

22.60 

102.0 

0.700 

64 

0.025 


3 

22,00 

144.9 

0.730 

65 

0.037 


4 

22.60 

204.0 

0.760 

70 

0.044 


5 

21.50 

222.0 

0.780 

64 

0.043 


6 

25.00 

250.0 

0.770 

64 

0.035 


7 

27.40 

374.0 

0.790 

64 

0.044 

D 

1 

27.00 

72.8 

0.61 

Upper Sheet Lower Sheet 
80 0 

0.010 


2 

25.40 

126.8 

0.68 

76 48 

0.010 


3 

24.00 

171,9 

0.74 

76 75 

0.023 


4 

22.60 

204.0 

0.78 

68 70 

0.029 


5 

25.60 

327.0 

0.82 

76 72 

0.039 


6 

22.60 

204.0 

0.80 

70 68 

0.024 


7 

25.00 

311.0 

0.82 

72 68 

0.028 


* Expulsion occurred at current values about 1500 amp. higher. 
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Fig. 13—Electrodes B ("X" = Expulsion) 


With short timing intervals, such as 1, 2 or 3 sec. 
(Schedules 1, 2 and it was impractical to obtain welds 
of satisfactory size before expulsion occurred. This held 
true for all electrode designs investigated. For example, 
with 1-sec. timing (Schedule 1) the maximum weld di¬ 
ameters obtainable without expulsion were 0.125, 0.360 
and 0.380 in. for electrodes A, B and C, respectively, 
with corresponding breaking loads of 16,600, 14,120 and 
15,900 lb. With 1-sec. timing using electrodes D, the 
largest weld diameter without exp^sion was 0.61 in. 
but the weld area was disposed practically 100% in one 
sheet (Fig. 10) resulting in the diameter of the weld at 
the interface being essentially zero. This latter weld de¬ 
veloped a breaking load of 13,467 Ib., largely acquired by 
incipient fusion and recrystallization across the inter¬ 
face. 

In the electrodes D tests, surface expulsion of metal 
.occurred between the radius face tip and sheet surface 
in all welds at 1-sec. timing and, in most of the welds, at 
2-sec. timing. 

Welds from the 3- and 4-sec. timing series, although 
possessing relatively high strength, were considered in¬ 
ferior due to lack of symmetry and presence of excessive 
porosity and cracks. The 5-sec. timing (Schedule 5) pro¬ 
duced relatively sound welds of good strength with elec¬ 
trodes A, B and C. The Schedule 7 pulsation timing 
seemed to be preferable with electrodes D since porosity 
was minimized and weld symmetry improved. 

The Schedule 6 pulsation timing produced welds more 
desirable than did the 4-sec. timing (Schedule 4), but 
the 5-sec. straight timing seemed generally preferable 
to the Schedule 6 pulsation. 


The Schedule 7 pulsation timing was most effective 
in reducing porosity, generally, and the indentation with 
this longer pulsation schedule was no more pronounced 
than in the 5-sec. straight timing, except in the case of 
the electrodes B where the longer pulsation timing re¬ 
sulted in increased indentation. 

Some of the breaking load values closely approach 
those of the plate material. With an ultimate tensile 
strength of 53,500 psi. in the original plate and the cross- 
sectional area being 0.5 in.*, plate f^ure would be ex¬ 
pected at a load of 26,400 lb. However, plate failure did 
occur in some welded samples, made at higher heat in¬ 
puts, at breaking loads as low as 23,500 lb. 

In practically all welds made the area of bonding was 
comprised of two well-defined zones. There was an in¬ 
ner zone in which the temperature of the metal had been 
raised above the melting point and the area exhibited the 
usual cast columnar structure. Enveloping this cast 
nugget was a zone in which the steel had been raised to a 
temperature above the critical, but below the fusion 
point and in which the overheated structme was one of 
grain refinement or excessive grain growth, depending 
on the temperature attained over the critical. At the 
interface this latter area formed a concentric ring of 
bonding in which welding had occurred largely by le- 
crystallization across the interfaces of the two sheets. 

The area of the weld at the interface in which bonding 
had occurred by recrystallization contributed consider¬ 
able strength to the joint, although its numerical evalua¬ 
tion was rather difficult. The total diameter of the 
welded area measured diuing the experiments was found 
to be from 3 to 12% greater than the diameter of the cast 
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Table 8—Range of Welding Current Inyeatigated 


(Secondary Current in Amperes — X 10') 


Xo. 

Weld 

in 





_R_ 

-Elect 

Lrodes- 



-- 

_n_ 


Timing Schedule 

Timing Schedule 

Timing Schedule 


Timing Schedule 

Series 

2 

5 

7 

2 

5 

7 

2 

5 

7 

2 

5 

7 

1 

13.7 

13.8 

13.6 

19.6 

15.2 

17.5 

17.2 

14.5 

16.8 

17.4 

14.3 

16.7 

2 

14.0 

15.0 

15.0 

20.2 

15.9 

17.8 

17.6 

15.7 

18.2 

17.9 

16.0 

16.7 

3 

14.5 

16.2 

16.0 

21.0 

16.7 

18.7 

18.1 

16.8 

18.6 

18.1 

17.3 

18.4 

4 

14.5 

16.7 

17.2 

21.1 

17.4 

19.4 

18.4 

17.9 

19.7 

19.8 

22.4 

19 2 

5 

15.4 

17.0 

18.9 

21.5 

18.4 

19.6 

20.3 

19.2 

22.5 

23.4 

24.4 

22.6 

6 

15.6 

18.4 

20.4 

23.2 

19.5* 

21.7 

22.1 

21.2 

24.8 

24 5 

25.6 

24.7 

7 

15.9 

19.5 

22.5 

24.2* 

20.8* 

23.9 

22.6 

23.7* 

27.8 

25.4 

26.0* 

25.0 

8 

16.4 

22.0* 

23.1* 


23.0* 

24.8* 

24.8* 

24.2* 

28 1* 

27.0' 

• 26.3* 

25.5’ 

9 

19.6* 













* Expulsion at this value. 


zone. For example, in the weWs made with electrodes B 
at 3-sec. timing, the major diameter of the bonded area 
at the interface averaged 0.727 in. (area — 0.415 in.*), 
and the diameter of the cast nugget was 0.667 in. (area 
= 0.349 in.*). The area of the zone in which bonding by 
recrystallization occurred was, therefore, 0.066 in.*, 
which was 16% of the total area. 

Quality of Welds as a Function of Current 

The geometry and structural characteristics of welds 
made using electrodes X, B, C and D, as a function of in¬ 
creasing currents, are dis(dosed in Figs. 12, 13, Hand 15, 
respectively. 

Three timing schedules were covered, namely, the 2- 
sec., 5-sec. and Schedule 7 pulsation. The current ranged 


from a low value, producing little or no fusion, to a high 
value at which interfacial expulsion occurred. The range 
of current values investigated in which the welds shown in 
Figs. 12,13, Hand 15 were made, are tabulated in Table 8. 

In Figure 12 (electrodes A), the short 2-sec. timin g 
produced weld areas more spherical than ellipsoidal and 
considerable porosity existed through the range of in¬ 
creasing currents. With 5-sec. timing (Schedule 5) and 
Schedule 7 pulsation timing, the w'elds were ellipsoidal. 

The first weld is of interest in the Schedule 7 timing 
series, made at 13,600 amp., which fractured at 10,467 lb. 
Incipient fusion occurred in the plate adjacent to, but 
not at, the interface. The strength of 10,467 lb. seems to 
have been obtained largely from recrystallization across 
the interface of the metals. 



Fig. 14—Electrodes C ("X" = Expulsion) 
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Fig. 15—Electrodes!) ("X" = Expulsion) 


The next weld, made at 15,000 amp., produced a defi¬ 
nite cast nugget at the interface slightly under V 2 in. diam¬ 
eter, having a breaking load of 13,283 lb. 

The welds obtained with the 5-sec. straight timing and 
the Schedule 7 pulsation timing were quite similar in 
contour and developed generally equivalent strength 
before expulsion occurred. Slightly higher welding cur¬ 
rents were required for the pulsation timing schedule to 
produce welds equivalent in breaking load to that of the 
5-sec. timing. This probably was the result of the 
greater heat loss occurring by dissipation in the sheet 
■during the off-time period of ^e pulsation schedule. 

Ill Fig. 13 (electrodes B) the first four welds in the 2- 
sec. timing series were made at currents increasing from 
19,600 to 21,100 amp. without producing a definite weld 
zone at the interface, but a small fused area occurred in 
the plates. All of the latter welds broke aroimd 9400 
!lb., and when the current was increased to 21,500 amp. 
a definite weld at the interface, breaking at 13,883 lb. 
•was obtained. 

In the 5-sec. timing and Schedule 7 pulsation series 
the welds were generally equivalent, but the excessive 
indentation and sheet separation was evident, particu¬ 
larly at the higher heat values. Porosity was at a mini¬ 
mum with electrodes B as compared wi^ the other elec¬ 
trode designs, and was at a minimum in the Schedule 7 
timing series. 

In Fig. 14 (electrodes C) the inadequacy of the short 
;2-sec. timing was evident in all of the weJds by reason 
• of their lack of symmetry and presence of cracks and 
porosity. 

The Schedule 7 pulsation timing produced welds of 


slightly higher strength before expulsion occurred than 
was obtained with the 5-sec. timing. * 

An increase in current of about 2500 to 5000 amp. was 
required with the long pulsation schedule to produce 
welds equivalent in strength to those obtained with the 
5-sec. straight timing. 

Porosity in the weld area was slightly less with the pul¬ 
sation Schedule 7 although, in many welds, it was no less 
pronounced than in the 5-sec. timing series. 

In Figure 15 (electrodes D) the effect of timing was 
most pronoimced and the inadequacy of the short 2-sec. 
timing was evident. 

The first weld in the 2-sec. timing series shows the 
weld area disposed almost entirely in the top plate, and 
even at the highest current values the weld nugget had 
penetrated almost completely through the top plate with 
only about 45% penetration in the lower plate. 

Porosity and cracks were pronounced throughout the 
2-sec. timing and even with the 5-sec. continuous tim¬ 
ing, considerable porosity in the weld area was in evi¬ 
dence, although the weld nugget was more evenly dis¬ 
posed in both sheets. 

The longer Schedule 7 pulsation seemed the most de¬ 
sirable with the electrodes D since pososity was mini¬ 
mized and the weld was symmetrically disposed between 
the sheets. 

In some of the welds made with electrodes D, a rather 
curious structure was observed which is illustrated most 
clearly by the 5th, 7th and 9th welds in the Schedule 7 
timing series of Fig. 15. A sharply defined duplex struc¬ 
ture appears at the top of the weld area adjacent to the 
side contacted by the radius-faced electrode. An abrupt 
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transition occurs between the structure in which fusion 
occurred and a structure consisting of large columnar 
crystals. 

This latter area apparently was heated to a tempera¬ 
ture somewhat below the melting point but well above the 
critical. Grain growth and preferred orientation 
occurred, which was preserved by rapid cooling. 

In welds made with electrodes D the zone between the 
weld nugget and the undisturbed structme was very 
narrow in the sheet against the flat electrode. Occasion¬ 
ally when fractures occurred in tension, the weld nugget 
was pulled out of the sheet which contacted the flat dec- 
trode. 

Electrode Deterioration 

After making 400 welds on each of the four sets of 
electrodes, the deterioration in all cases was negligible, 
as may be observed in Fig. 16. 

A 0.363-in. diameter flat had formed on the 2-in. 
radius-faced A electrodes, while there was no measurable 
increase in face diameter on either the B or C electrodes. 
A 0.437-in. diameter flat appeared on the upper elec¬ 
trodes D. 

Three Rockwell hardness readings made on the face of 
each of the electrodes after making 400 welds, showed the 
following: 


Electrodes A . 63 Rockwell B 

Electrodes B . 63 Rockwell B 

Electrodes C . 65 Rockwell B 

Electrodes D . 60 Rockwell B on radius face 


69 Rockwell B on flat face 

Obviously, a very substantial additional number of 
welds would be required in order to cause any appreciable 
electrode deterioration. 


Conclusion 

A summary of the results of the present investigation 
in the resistance spot welding of ^/ 4 -in. hot-rolled, pickled 
mild steel using conventional a.-c. welding equipment, 
indicates the following conclusions. 

1. Of the three conventional electrode designs, A, B, 
C, the electrodes type C (Fig. .5) produced welds with the 
most desirable combination of maximum strength, 
minimum indentation, sheet separation and porosity. 

2. The type C electrodes were best used in conjunc¬ 
tion with either 5-sec. straight timing or the Schedule 7 
pulsation timing. 

3. With electrodes C, if an arbitrarily minimum 
breaking load of 16,000 lb. was specified which is a reas¬ 
onable fig}U"e, the minimum sheet penetration would be 
50 to 60% and the weld diameter a minimum of about 
”/» in. 

To obtain welds whose strength would not fall below 
this minimum figure, and, at the other extreme, with the 
absence of expulsion, then the permissible current range 
with 5-sec. straight timing would be from 16,200 to 
22,000 amps., and with the Schedule 7 pulsation timing 
from about 20,000 to 27,500 amp. 

4. The electrodes D combination was used satisfac¬ 
torily to produce welds of excellent strength and mini¬ 
mum porosity in conjunction with the Schedule 7 pulsa¬ 
tion timing. 

5. With the electrodes D welds breaking at not less 
than 16,000 lb. and, at the other extreme without ex¬ 
pulsion, may be made wdth current values ranging from 
18,000 to 25,000 amp. 

6 . As was intended with the electrodes D, the inden¬ 
tation on the outer side of the sheet contacting the large 
flat electrode was negligible and discoloration a minimum. 
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Appendix A 

Procedure for Cleaning V4*^- Hot-Rolled Mild Steel 
Prior to Spot Welding 

1. Degrease in Oakite Aviation Cleaner 

Concentration. 6 oz. Oakite Aviation 

Cleaner per gallon of 
water 

Temperature. 70 to 80° C. 

Time of treatment.... 5 min. (agitate) 

2. Rinse in warm running water. 

Time. 2 min. 

3. Pickle in Oakite No. 32 Solution 

Concentration. 50% Oakite No. 32-50% 

water 


Temperature. 20 to 30° C. 

Time. 10 to 15 min. (agitate) 

4. Rinse in warm running water and swab clean if 

necessary. 

Time. 5 min. 


5. Dry by air bldst. 

6 . Store in container with anhydrous CaSO< (to pre¬ 

vent rusting) until ready for welding 
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Stresses in Welded Structures 

By H. C. Boardmanf 


T hroughout this paper the author has felt free 
to take advantage. of his limitations by asking 
questions which he cannot answer. For this rea¬ 
son the paper may prove to be more provocative than 
informative. It has to do primarily with fusion-welded 
structures of plain low-carbon steels having well-defined 
plastic yield ranges at about one-half of the ultimate 
strength. Of course, these ranges are for uniaxial (one- 
directional) stresses. 

What are the corresponding plastic yield ranges for all 
conditions of biaxial (all-directional in a plane) and all 
conditions of triaxial (all-directional) stresses? When 
does plastic yielding mean safety; when does it mean 
failure? 

Naive, indeed, is he who believes that all stresses in 
structures are due to the loads upon them. Plates and 
shapes as-received from the mills often contain high 
stresses which are ignored in designing. Practically 
every fabricating operation, such as shearing, planing, 
oxygen cutting, chipping, flanging, braking, rolling, 
pressing and dishing, causes stresses which the designer 
ignores.. These mill and fabrication stresses are common 
to both riveted and welded construction. Of course, 
riveting and welding also cause locked-up stresses. 

In cold rolling a flat plate into a cylinder, the fibers 
near the neutral axis are strained elastically and the rest 
plastically; after rolling, the elastically strained fibers 
try to recover their original lengths and thus to flatten the 
plate, but the plastically strained fibers prevent their 
doing so. Therefore, the final stress system across the 
thickness, as the plate leaves the rolls, consists of two 
balanced couples, with compression stresses in the fibers 
which were plastically len^hened and in those which 
were elasticaJly shortened, and tensile stresses in the 

* Preseated at Annuel Meeting, Americen Iron & Steel Institute, May 25, 
1944. 

t Chicago Bridge & Iron Company. 


fibers which were plastically shortened and in those which 
were elastically leng;thened. Cold flanging, cold pressing 
and cold distung result in similar internally balanced 
stress systems. 

Such cold working may be expected to raise the yield 
point and reduce the ductility. Just how do the mill and 
fabrication straining experiences of a plate or shape fit or 
unfit that plate for service? Obviously, a thick plate can 
be rolled or pressed or dished to such a small radius that 
it will crack. Is it safe to assume that if the plates sur¬ 
vive rolling they will also survive welding and then the 
service loads? If not, how can a safe margin be deter¬ 
mined? The A.S.M.E. Unfired Pressure Vessel Code re¬ 
quires furnace stress relieving for thicknesses greater 
than U/g in. ^d for smaller thicknesses greater than 
(diameter (In.) + 50)/120 but has no restrictions on cold 
rolling. Thus the C^e implies that cold rolling within 
the above-given thickness limits provides a sufficient mar¬ 
gin of safety for welding stresses and normal service load¬ 
ings. 

Welding procedures discussed in this paper are assumed 
to have been qualified under the American Welding 
Society’s Tentative Standard Qualification Procedure 
dated April 25, 1941. Qualification for manual butt 
welding of all thicknesses for each position is done by 
the butt welding and successful testing of two 6 x 1 x 
13-in. (approx.) plates. The 13-in. edges are suitably 
beveled and may be welded together at room tem¬ 
perature. The procedure must be that which the fabri¬ 
cator is going to use in production. The minimum test 
results are: 

(o) A tensile strength of the minimum of the specified 
tensile range of the base material. 

(5) A free bend elongation of 30% for stress-relieved 
welds and 25% for nonstress-relieved welds. 

(c) Soundness sufficient to endure side bending in a 
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special Guided-Bend Test Jig. {See Fig. 19, 
A.W.S. Tentative Standard Qualification Pro¬ 
cedure.) 

It seems that underlying the Standard Qualification 
Procedure is the idea that if a particular procedure meets 
the test requirements under laboratory conditions it is 
likely, in the hands of skilled operators, to produce joints, 
under shop or field conditions, which will not fail in serv¬ 
ices for which the unwelded material is adequate. There¬ 
fore an inquiry into the stresses and strains in the welded 
qualification test specimens is in order. Few welded 
assemblies could be simple. 

The problem may be approached by an idealized case, 
assuming the two plates to be each 6 x 1 x 13-in., and 
lying flat on a table side by side, IV 4 i*i* apart, having 
l^tween them a I'A-in. diameter rod about 15 in. long 
with nuts tightened against the plate ends sufficiently to 
develop 30,000 lb. stress in the rod. Then, obviously, 
15,000 lb. is resisted as a column by each plate. Further¬ 
more, because of eccentricity, the plates not only are 
shortened but also bowed sideways away from each other. 
If the two plates, the rod and the nuts be thought of as a 
unit assembly, the tensile, compressive and bending 
stresses constitute a balanced system of locked-up in¬ 
ternal stresses which could be eliminated either by 
stretching the rod plastically so that upon release of the 
stretching load on the rod ends the nuts would no longer 
bear on the plate ends, or by compressing the plates 
plastically so that upon release of the compressing load 
the plates would no longer press against the nuts. It is 
plain that while the rod was being stretched plastically 
the plates would lengthen elastically, and while the plates 
were being compressed plastically the rod would shorten 
elastically. 

If the assembly were given a stress-relief heat treatment 
in a furnace at a temperature of 1200° F., and cooled uni¬ 
formly, the rod stress would be reduced at least to 8000 
psi., the approximate yield point strength at that tem¬ 
perature, and the compressive stresses in the plates 
would be correspondingly relieved. 

In a very crude way the rod and plate assembly repre¬ 
sents two plates fusion welded together, the weld and two 
narrow adjoining strips of plate replacing the rod. For 
simplicity it may be assumed that the welding was done 
by instantly filling with molten weld metal a single-V 
groove. Immediately after deposition, the metal fused 
with the sides of the groove and began to lose heat to the 
air and the plates. As it cooled, the weld metal con¬ 
tracted but the neighboring plate metal expanded; then 
the weld and heated plate metal cooled together. The 
lengthwise expansion of the hot-plate material near the 
weld was restricted by the relatively cold-plate material 
farther away from the weld sufficiently to plastically 
thicken a narrow band on each side of the weld. There¬ 
fore, upon cooling, the weld metal and the upset strips 
of plate metal were shorter than they were originally and 
induced compressive stresses in the rest of the plate ma¬ 
terial. Because of eccentricity, the tension in the weld 
and adjoining strips also caus^ stresses across the joint. 

In this case the residual stresses could be reduced by: 

1. Preheating the plates so that they and the weld 

metal to some extent would cool and shorten 
together. 

2. Elongating plastically the finished weld and upset 

plate strips sufficiently to make their unloaded 
length the same as that of the unstressed re¬ 
mainders of the plates. This lengthening might 
be done by pulling in a tension machine, by 
squeezing thinner and longer in a press, or by 
peening. Could the tensile load be applied so 
quickly that it would break the specimen? 
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3. Shortening plastically the plates sufficiently to 

make their unloaded length the same as that of 
the unstressed weld. 

4. Applying a stress-relief heat treatment. 

This fanciful example makes clear the reasons for and 
the nature and methods of relieving the residual stresses 
due to fusion welding two plates together without exter¬ 
nal restraint. The actual cases are more complex because 
the weld metal is deposited in layers. This may be 
realized by two examples, continuing to use the artifice of 
pouring filler metal. 

With the same setup of two plates, the molten metal 
may be thought of as deposited in thin full-length layers 
and each layer allowed to cool to room temperature before 
the next one is placed. Obviously, because each thin 
layer after the first would to some extent reheat the ones 
bdow it and, in cooling, be restrained to some degree by 
them, the locked-up stress system resulting from this 
procedure would differ from that due to filling the entire 
groove at once. The plates would not oiy shorten 
lengthwise but also rotate about a moving axis in the 
weld as more layers were added and cooled. The trans¬ 
verse contraction of the younger layers and the resistance 
of the older ones would progressively narrow the unfilled 
portion of the groove, and put the apex fibers in trans¬ 
verse tension. The rotation and narrowing could readily 
be offset by peening each layer sufficiently to restore the 
plates to their flat position. 

The same procedure could be used with the groove 
sloping, in which case the horizontal layers would be 
short, extend from the bottom to the top of the groove 
and establish a unique residual stress system. This 
method would rotate and stress the plates less than the 
preceding one and could be made to supply its own pre¬ 
heat. 

Actual manual arc welding deposits weld metal in sev¬ 
eral forms and sequences. Parallel string beads or woven 
beads may be used. By both the string and weave tech¬ 
niques the groove may be filled by full-length continu¬ 
ous layers, or by short layers either parallel or inclined 
to the groove bottom. If inclined, each short layer ex¬ 
tends from top to bottom of the groove and varies in 
width; this is one form of cascade welding. If not in¬ 
clined, the short lengths are usually deposited so that 
their ends form a series of steps upon which the layers of 
the adjoining short lengths are lapped; this is another 
form of cascade welding. The short lengths of finished 
joint may be completed in order, or intermittently by the 
so-called block method. 

What are the residual stresses in specimens made by 
butt welding two 6 x 1 x 13-in. plates by the various avail¬ 
able methods? Measurements of the change in length 
(relaxation) of narrow longitudinal strips cut out of the 
weld and plates indicate that the maximum average 
stress over a strip of the weld may vary from appreciably 
less than the yield point strength, which is usually higher 
than the yield point strength of the plate material, to the 
yield point strength, depending upon the particular com¬ 
bination and sequence of variables used. The actual 
maximum stress at a point probably differs widely from 
the maximum average stress. How high could it be in 
terms of the conventional ultimate strength? Of course, 
the strip relaxation method in itself is inaccurate since it 
ignores relaxations in width and thickness. 

If the test plates were longer than 13 in., would the 
maximum residual welding stresses be higher? Is there, 
for a fixed width and thickness and a given procedure, a 
critical length giving the maximum residual stress? Is 
there, for a given thickness and procedure, a critical com¬ 
bination of width and length? Could the residual stress 
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be higher than the conventional ultimate and, if so, how 
much, and under what conditions? 

It is plain that laboratory welding would truly test 
actual production welding only if: 

1 The laboratoiy temperature were that of the ambi¬ 
ent temperature at the time of the production 
welding. 

2. There were provided on the peripheral edges of the 
weldment during welding a variable restraint 
precisely the same as that imposed on the corre¬ 
sponding weldment by the surrounding structure 
during production welding. 

*1. There were provided on the peripheral edges of the 
weldment a variable heat flow precisely the same 
as that provided for the corresponding weld¬ 
ment by the surrounding structure during 
production welding. 

4. Following the completion of the laboratory weld¬ 
ing there were applied to the weldment precisely 
the test load and precisely the same temj^rature 
which are applied to the weldment in testing it as 
part of the actual structure. 

When a longitudinal seam of a 1-in. shell ring of a 
pressure vessel is welded with a certain procedure is the 
maximum locked-up stress more than in a 1 -in. test 
specimen welded by the same procedure? It probably is, 
but nevertheless fabricators of thermally nonstress- 
relieved pressure vessels apply with confidence, on the 
girth and longitudinal seams, procedures qualified under 
the A.W.S. Standard Qualification Procedure. They 
know from experience that their vessels, not over 1 V 4 -in. 
thick, will almost invariably endure hammer testing at 
I'/j times the working pressure and hydraulic testing at 
twice the working pressure—and thereafter perform well 
in service. Does a satisfactory hydraulic test to twice 
the working pressure assure good service behavior at the 
working pressure? To what extent, if any, does service 
temperature lower than the test temperature affect the 
answer—especially when notches are present? 

How is it that a vessel already beset by high mill and 
fabrication strains and stresses is able to survive twice the 
working pressure? At first thought it seems that the 
pressure stresses and locked-up stresses would be directly 
additive and surely cause distress or failure. Stretching 
was given as one method of mechanically stress relieving 
the joint in a test specimen. So in a ve^el the test pres¬ 
sure is believed to stretch plastically all of the welds, thus 
relieving them of loads which otherwise they would have 
to carry. The higher the pressure the greater the relief, 
provided that the general hoop stresses do not exceed the 
yield ^wnt of the plates. Would general yielding result 
in strain hardening or embrittlement? 

How does increasing the thickness affect the ability of 
plates to deform plastically? 

The ring stresses in a cylinder are twice the longitudinal 
stresses. In a sphere there is an equi-biaxial stress condi¬ 
tion. Does pressure mechanically stress relieve a sphere 
as it does a cylinder? Tests and experience indicate an 
affirmative reply, although the plastic yielding for a given 
calculated stress is less than for a cylinder. 

Recently there was tested a three-lobed vessel made of 
three spherical segments welded together and connected 
by three diaphragms 120° apart. Each lobe was 4 ft. 0 
in. in diameter and V« iu. thick; the diapiiragms were 
•/ 4 -in. thick too. The calculated stresses in the spherical 
segments and in the diaphragms were equal. The lobes 
•were dished cold and the structure was not thermally 
stress relieved. The material was A.S.T.M.-A7 steel. 
With a pressure range of 100 to 1200 psi., 100,000 cycles 
were applied with no signs of distress except in the 
t>acked-up seams where the cap plates in each lobe had 


been welded in from the outside only. Six or seven re¬ 
pairs were made in these to stop leaks. Finally the ves¬ 
sel was hydrostatically tested to failure at 3300 psi. The 
fracture apparently began at a fatigue crack across one of 
the backed-up cap plate seams. Even so, the stress at 
failure calculated on the thickness after dishing and the 
original diameter was 57,500 psi. 

In this test the straight junction of the three dia¬ 
phragms and the three curved junctions of the lobes and 
diaphrams were in a state of equi-triaxial tension involv¬ 
ing no shearing stresses. Can metal undergoing such 
stressing be made to deform plastically? What could 
happen to a solid sphere subjected to increasingly higher 
hydrostatic pressure? What would happen to the same 
sphere under increasingly higher uniform radial external 
tension—if such tension could be applied ? There would 
be no shearing so, according to the maximum shear theory 
of failure, there could be no failure. This conclusion is 
repugnant to the mind which refuses to believe that co¬ 
hesive rupture would not eventually occur. But at what 
stress and with what deformation ? Would there be any 
other than elastic deformation ? Can there be devised a 
test specimen which will fail under a condition of equi- 
triaxial tensile stress? Would the failure always occur 
in the parts which apply the load? 

These questions are important because of the suspected 
inability of parts multi-axially stressed in tension by 
internally locked-up or externally applied forces to "get 
out from under” excessive burdens by plastic yielding, 
with the result that they fail in a brittle manner before 
the adjoining steel is able to pick up its share of the total 
load. Would thermal shrinkage of the elements which 
avoid their proper burden and which also hold the criti¬ 
cal members in multi-axial restraint be effective in such 
cases? 

Fabricators would welcome responses to these ques¬ 
tions: 

{a) What is the best procediue for butt welding a disk 
into a hole in the center of a large plate of the 
same thickness? Is the continuous cascade 
method best? Would precooling the plate 
around the hole, preheating the disk and using 
the continuous thin layer technique be effec¬ 
tive? 

( 6 ) Closely rdated to (a) is the question: What is the 
best procedure for welding a nozzle neck and 
reinforcing ring to a pressure vessel sheU? 

(c) Is the Charpy notch-impact test a proper measure 
of the suitability of steel for cold weather 
service? If not, what test is suitable? If so, 
what is the proper Charpy notch-impact value 
for temperatures down to —20° F.? What 
available carbon steels have this value? 

id) What assurance can be given to fabricators that 
the steels which they purchase to A.S.T.M. 
Specifications are not subject to dangerous 
strain aging due to cold working incident to 
fabrication or testing or initial service loading? 

There is danger that failures due to faulty materials, 
fabrication or design be attributed to welding per se. In 
the author’s opinion, few failures can be directly charge¬ 
able to welding, but many to its misuse. 

Some engineers believe that locked-up stresses, whether 
induced by welding or otherwise, reduce by an aging proc¬ 
ess without the application of external loads, just as 
locked-up stresses in castings are said to reduce when the 
foundryman weathers them. If there be such reduc¬ 
tions can they be due to anything but strains due to tem¬ 
perature variations, or to long time transformations? 
Certainly locked-up stresses have many useful applica¬ 
tions in which they are not known to reduce with time. 
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Wheels shrunk on axles remain tight, and rivets in old 
buildings and bridges retain at least a large part of their 
original tension, as do countless machine bolts. Profes¬ 
sor W. M. Wilson of the University of Illinois recently 
found that rivets in a 40-yr.-old bridge still had a tension 
of about 12,000 psi.; he does not know the original value. 

The principle of helpful locked-up stresses is practically 
applied by tiie manufacturers of solid-walled auto-fret- 
taged pressure vessels and of layer pressure vessels who 
prestress the shells to improve the stress distribution over 
the wall thickness when the working pressure is applied. 
Surface compression by shot blasting is reported to 
greatly increase the service life of springs. These illus¬ 
trations show that locked-up stresses can be made to 
work for rather than against the designer. 

Tests by Professor W. M. Wilson have proved that if 
an unstress-relieved structural section be bmlt up of sev¬ 
eral pieces welded together and tested as a column along¬ 
side a rolled section of the same cross-sectional area and 
length, it will be found to fail at approximately the same 
load as the rolled section, although in it initially are 
locked-up stresses at or near the yield point. The parts 
which are under initially high compressive stress drform 
plastically under relatively small loads, and just prior 
to failure are stressed little, if any, more than the rest 
of the section. Presumably a similar result would have 
been obtained had he tested in tension rather than com¬ 
pression. Would this be true regardless of thickness and 
cross-sectional form ? 

Professor Wilson also found that thermally stress 
relieving butt-welded fatigue test specimens did not in- 
increase the fatigue strength across the joint. The first 
few stress cycles seemed to practically remove the peaks 
of the residual stresses. Is not this result surprising? 
The specimens at the weld were 5 in. wide and Vs in. 
thick and of A.S.T.M.-A7 steel. Would the results have 
been the same for specimens 6 ft. 0 in. wide? For greater 
thicknesses? For longitudinal welds? 

Information is lacking on the effect of locked-up stresses 
on members subjected to impact or suddenly applied 
loadings. Some records indicate that they are definitely 
detrimental. 

The attack, called stress corrosion, of many liquids on 
steel is accelerated by high stresses in the steel. For ex¬ 
ample, an ordinary unstress-relieved steel tank was put 
into use storing sodium nitrate and within 6 mo. devel¬ 
oped over 400 cracks in and near the welds. Similar ex¬ 
periences have been had with other liquids. Thermal 
stress relieving is found to appreciably reduce the rate 
of attack. Much research work in this field is needed. 
W^ould peening help ? 

The question of stress and strain is really the general 
question of failure. Does the fact that a piece of steel is 
stress free necessarily indicate that it is not near failure? 
Do high stresses always indicate danger? Does not the 
imminence of failure depend upon the straining and 
thermal history of the steel as well as upon its present 
state of stress? 

The Weld-Stress Committee of the Welding Research 


Council of The Engineering Foundation, of which Everett 
Chapman is Chairman, is basing its work on: 

(а) The premise, “Physical behavior of steel varies 

with the type of imposed stress system.” 

(б) The question, “In a structure preloaded by re¬ 

sidual stresses, what are the usable structural 

properties?” 

{c) The basic experiment of: 

(1) Producing controllable multi-axial (local¬ 

ized) stress fields in a structure. 

(2) Measuring these stress fields. 

(3) Evaluating the residual structural proper¬ 

ties by imposing on these stress fields 
uniaxial, biaxial and triaxial stresses. 

Some time ago the author expressed the weld-stress 
problem in essentially the following words: 

“It is almost axiomatic that the welding of even the 
simplest carbon steel assemblies by the best known pro¬ 
cedures results in internally balanced stresses equal to or 
closely approaching the yield strength of the base or weld 
metal. At first thought it appears that such residual 
stresses would be direcUy additive to those induced by the 
service loads and invariably cause failure. Happily, this 
is not true because the more highly stressed portions are 
usually able to deform plastically when the Ingest work¬ 
ing load is applied, so that the stress in them thereafter 
will not exceed the yield point, and the behavior will be 
wholly elastic. 

“Furthermore, if, before being put into service, the 
structure is subjected to a load appreciably greater than 
the maximum load which it will receive in service, and 
endures it without cracking, the subsequent maximum 
stress under working conditions will be appreciably less 
than the yield point and the strain-to-stress ratio will be 
constant. Mechanical stress relief may also be obtained 
by peening. 

“In general, the record of welded carbon steel struc¬ 
tures not thermally stress relieved is excellent, but marred 
by some costly and disconcerting failures. UTiy did 
these failures occur? Certainly because either the weld 
or base metal was stressed somewhere to its then existing 
full strength. But both the stress causing fracture and 
the ability of metal to avoid fracture by local plastic 
yielding appear to vary with the stress pattern—whether 
essentially uniaxial, biaxial or triaxial—and this pattern 
is, in turn, a function of the shape and dimensions of the 
part in question, the welding procedure (including peen¬ 
ing and preheating), the nature of the loading and the 
susceptibility of the steel to such factors as strain aging, 
stress corrosion and temperature. 

“The great need for a true understanding of stress, 
strain, temperature and failure is apparent. Were such 
knowledge available it could be logically applied in de¬ 
signing and building safe welded structures. The search 
for it should begin with steel making itself. It is interest¬ 
ing to speculate upon the relative contributions of service 
experience, of industrial research and of fundamental re¬ 
search.” 
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Survey of Chemical Cleaning Practices 
for Spot Welding Aluminum Alloys* 

By F. M. Morris^ 


Abstract 

T he survey covers thirty aircraft companies from 
whom completed questionnaires were received. 
Vapor degreasers u^zing trichlorethylene as the 
solvent are used for degreasing heavily soiled parts such 
as drop hammer parts and parts which are made in 
mechanical dies where lubricants are used. Seventeen 
different alkaline types of precleaners are used for re¬ 
moving light oil films, dust and identification ink mark¬ 
ings from parts prior to immersion in the oxide remover. 
The alkaline precleaners do not entirely remove the 
identification ink markings on some Alclad sheet and the 
residual ink interferes with subsequent spot-weld opera¬ 
tions unless removed by scrubbing or wiping. The pri¬ 
mary function of the precleaners is to remove all foreign 
matter from the aluminum alloys and to obtain a “chem¬ 
ically” clean surface (one free from water-break) so that 
the oxide on the aluminum alloy will be uniformly at¬ 
tacked when immerged in the oxide remover. Nine 
acidic types of oxide removers are used on Alclad 24ST 
while two alkaline types are used on bare 24ST. The 
solution strength of the alkaline precleaners and the oxide 
removers are usually controlled by titration within certain 
set limits and in some instances the performance of the 
oxide remover is further controlled by contact resistance 
measurements on test pieces. Various companies im¬ 
merse the same thickness of Alclad for different lengths 
of time in the same oxide remover. The average num¬ 
ber of spot welds, as reported by the various companies, 
which were obtained between electrode tip cleaning on 
the same metal thickness varied considerably for the 
same oxide remover and also for the different oxide re¬ 
movers. It has not been possible from the results of 
the survey to determine definitely if one oxide remover 
is best or one oxide remover is better than another be¬ 
cause of the great variation in results which were ob¬ 
tained for the same oxide remover. 

Introduction and Scope 

It has become a well-established fact during the past 
few years that chemical solutions under proper control 
are economical and capable of producing low and con¬ 
sistent surface resistances suitable for spot-welding Al¬ 
clad 24ST aluminum alloy. However, it was known 
that a number of chemical solutions were being used in 
production with various results. Therefore, a question¬ 
naire was prepared and circulated to members of the 
Aircraft Welding Research Committee and other manu¬ 
facturers of aircraft in order to determine present prac¬ 
tices and procedures, methods of control, and results, 
which were being obtained with the various chemical 

* Presented at the Twenty.Fiftb Annual Meeting,. A.W.S., Cleveland. 
Ohio, Oct. 16-19. 1944. 

t Process and Materials Engineer, Fleetwiogs Division of Kaiser Cargo Inc, 
Bristol. Pa 


solutions in production for the preparation of Alclad 
24ST aluminum alloy for spot welding. At the same 
time, it was requested that similar questionnaire forms 
be prepared and submitted for each of any other alloys 
being chemically cleaned for spot welding. The survey 
was conducted between December 6, 1943, and March 
18, 1944. 

The primary purpose of the questionnaire was to 
establish whether or not better results were obtained 
in production with one or more “Oxide Removers” and 
to finally recommend to the American Welding So¬ 
ciety a specification for a solution or solutions, methods 
of control, and procedure for preparing aluminum alloys 
for spot welding. After studying the results obtained 
in spot welding after oxide cleaning, it was found that 
the primary purpose of the questionnaire could not be 
fulfiUed because of lack of information available. This 
is discussed further in the conclusions. 

The survey was conducted by forwarding a question¬ 
naire to about 50 aircraft companies throughout the 
United States. Thirty companies returned the com¬ 
pleted questionnaire and rejjlies were received from 
others stating that either spot welding or chemical clean¬ 
ing methods were not being used. 

A summary of the answers to the completed question¬ 
naire is given below. 

Summary of Survey 

Pre-cleaning Heavily Soiled Parts .—Vapor degreasers 
are generally used for degreasing heavily soiled parts 
such as drop hammer parts, mechanical die formed parts, 
and stretch formed parts where lubrication is used. 
Seventeen companies are using trichlorethylene under 
trade names of “Permachlor,” “Triad” or “Blacosolv” 
in steel or zinc coated steel tanks and coils. The operat¬ 
ing temperatures are between 180 and 200® F. One 
company uses a 50-50 mixture of Turco 570 and Union 
No. 40 solvent at rodm temperature. 

Precleaners for Lightly Soiled Parts .—Precleaners of 
the alkaline type which are compounded and buffered 
to prevent attack of aluminum alloys for fairly long 
periods of immersion are used for cleaning lightly soiled 
parts with dust, light oil films, identification ink, etc., 
so as to obtain a “chemically” clean surface before im¬ 
mersion of the parts in the oxide remover. Seventeen 
different types of precleaners were used by the reporting 
companies. Oakite Aviation Cleaner, Turco Airlion 
No. 81V, Sprex AC, and Kelite KDL No. 1 are some of 
the commonly used compounds. Oakite 31W is used 
as a precleaner to remove beat treat scale and salt on 
bare 24ST by three companies prior to immersion in 
Oakite 30 oxide remover. The alkaline precleaners are 
generally used in steel tanks with steel steam coils at a 
concentration of 4 to 6 oz. per gallon of water, and auto- 
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matically operated at temperatures of 140 to 190® F. 
Oakite 31W is used in a wood or lead-lined tank; with 
copper or lead coils, at a temperature of 160 to 190° F. 
Titration methods are generally used to control the solu¬ 
tion strength. Eleven companies use unheated water 
for rinsing after precleaning; five use rinse water at 
100 to 140° F.; and eleven use rinse water at 150 to 
190° F. 

The primary function of precleaners is to obtain a 
chemic^y clean surface so that the oxide remover in a 
subsequent operation will produce a surface of low and 
uniform resistance suitable for spot welding. 

Chemical Oxide Remover. —Nine acidic types of oxide 
remover are used on Alclad while two alk^ine types of 
oxide remover are used on bare 24ST to reduce ^e sur¬ 
face resistance for spot welding. One company uses 
sulphuric-chromic add as oxide remover for Alclad, bare 
24ST, 2S, 3S, 52S and 61S sincenosmutisformed. For 
oxide removal on Aldad.ten companies are using Oakite 
84A,four are using hydrofluoric add, four use Kelite K-1, 
two are using hydrofluosilic acid, two use Diversey DC-1; 
and one company each uses either sulphuric-chromic 
add, Cee Bee Etchant, Oakite 85, Turco Koldweld, 
hydrofluoric-nitric acid or Vulco spot-wdd etch. Three 
companies are using Oakite 30 on bare 24ST and one 
company is using sodium hydroxide but most com¬ 
panies use nitric add to remove the black smut caused by 
the alkaline oxide remover. 

Oxide Remover Tank Equipment and Temperature 
Control. —For the sake of brevity, the equipment is 
given only for the oxide removers which are used by two 
or more companies. 

Oakite 84A.—The majority of companies using Oakite 
84A have cypress wood tanks or steel tanks lined with 
add-proof lining such as Tygon Flexaprene, lead or 
Monel. The tanks are heated by steam coils made of 
Karbate, Monel, 3S aluminum, carbon, Nocordal or lead. 
Baskets of stainless steel, Alclad coated with Butanol, 
3S aluminum, or Monel are generally used to immerse 
the parts. Oakite 84A is used in the majority of cases 
at a temperature of 170 to 180° F. and controlled auto¬ 
matically. 

Kelite K-1.—The companies using Kelite K-1 have 
wood or steel tanks lined with stainless steel. Since 
the solution is used at room temperature, heating coils 
are not needed. Baskets made of low carbon or stainless 
steel are used to immerse the parts. 

Hydrofluoric Acid.—Tanks of wood, steel with lead 
lining, or wood and steel with rubber lining are used for 
this solution. This add is used at room temperature 
and heating coils are not required. Baskets of stainless 
steel, monel, or rubber-coated steel are used for im¬ 
mersing parts. 

Hydrofluosilic Acid.*—Tanks for this solution are made 
of cypress wood. The solution is used at room tem¬ 
perature. Baskets of stainless steel or aluminum are 
used for immersing parts. 


Oxide 

Table l^^loncentration 

Average Concentration, Control Range, 

Remover 

Oz./Gal. Water 

Oz./Gal. Water 

Oakite 84A 

6 

6.5-6.5 

Diversey 

DC-1 

4 

3.5-4.5 

Kelite K-1 

45% by volume 

40-50% 

Hydrofluoric 

2-3% by weight 

2-3% by weight 

Hydro- f 

1.3% by wt. cone, acid 

1.18-1.4% by wt. cone, acid 

fluosilic 1 

0.6 % by wt. cone, acid 

0.5 -0.7% by wt. cone, acid 

Oakite 31W 

8 

7-9 

Oakite No. 30 8 

7-9 

Nitric acid 

25% by volume 

20-30% by volume 


Table 2—Immeraion Time in Oxide Remover 


t Oxide 

-Immersion 

Time,* 

Minutes for Alclad-• 

Remover 

0.020 

0.032 

0.040 

0.051 

0.064 

0.072 

Kelite K-1 (a) 

10 

10 

10 

10 

10 

10 

(5) 

20 

20 

20 

20-30 

20-30 

20-30 

Oakite 84A (c) 

2^ 

4-5 

4-5 

4-7 

5-7 

8-10 

Hydrofluoric 

25 sec. 

35 see. 

40 sec. 

45 sec. 

50 sec. 

55 sec. 

Diversey DC-1 (c) 

5 

5 

5 

5^7 

5-7 

5-7 

Hydrofluosilic 

(1.18%) 

6 

6 

10 

10 

10 


Hydrofluosilic 

(0.6%) 

10 

10 

10 

10 

10 

10 

Oakite 31W* 

5 

5 

5 

5 

5 


Oakite No. 30* 

2Vi 


3-4 

3-4 

3-4 


Nitric acid* 2-3 

(a) Assembled parts. 

2-3 

2-3 

2-3 

2-3 


(b) Detail parts. 

(c) Assembled surfaces 

wedged. 






• Bare 24ST. 


Diversey DC-1.—The companies using DC-1 have a 
wood tank or a steel tank with ceramic brick lining. The 
tanks are heated with carbon or Monel steam coils and 
the temperature automatically controlled between about 
172 and 182° F. Wood baskets are used to immerse 
parts. 

Oakite 30 and Nitric Add.—Companies who use 
Oakite 30 have iron, cypress or steel lead-lined tanks. 
The Oakite 30 solution is heated by means of steam coils 
of steel, copper or lead coated steel and usually is auto¬ 
matically controlled at temperatures of 170 to 190° F. 
The tanks for nitric add are steel stainless dad, rubber 
lined steel or Tygon lined iron. The nitric add is used 
at room temperature. 

Agitation of the oxide removers is accomplished by 
raising and lowering the basket, by air or steam injected 
(if solution is heated) through perforated pipe in the 
tank. 

Twenty-three of the companies are using water rinse 
tanks made of carbon steel following the oxide removal. 
Cypress wood, wood with chlorinated rubber, mastic 
paint or pitch, and stainless clad tanks are also used. 
Twenty-two companies use unheated tap water for 
rinsing following the oxide remover while four com¬ 
panies use rinse water between 160 and 180 F. Four¬ 
teen companies agitate the rinse water, usually by means 
of blowing air through a perforated pipe in the tank. 

Oxide Remover Solution Strength and Control. —^Typical 
concentrations of the more commonly used oxide re¬ 
movers are shown in Table 1. 

The solution strength is generally checked by titra¬ 
tion with only four companies using pH control. The 
majority check the strength daily. In addition to 
titration or pH check, six companies check the perform¬ 
ance of the oxide remover daily by contact resistance 
measurements on test pieces. 

Dipping Procedure for Precleaning and Oxide Removal. 
—Seventeen companies are using vapor degreasers for 
precleaning heavily soiled parts. 

In precleaning lightly soiled parts in the alkaline pre¬ 
cleaners, the immersion time ranges from 1 to 20 min. 
depending upon the difficulty of removing the soil. 
The average time of immersion is about 5 rain. 

Typical immersion times in the more commonly used 
oxide removers are shown in Table 2. 

The dipping sequence for Alclad is as follows: 

1. Preclean heavily soiled parts in vapor degreaser. 

2. Preclean in alk^ine aluminum cleaner. 

3. Cold or warm water rinse. 

4. Immerse in oxide remover. 

5. Rinse in running cold tap water. 

6. Dry and assemble for spot welding. 
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Table 3~-Number SjMt Walds Between 
Difierent Machines 

A. C. 

0.020 0.040 0.064 


to to to 
0.020 0.040 0.064 
41 48 23 


Condenser 
Discharge 
0.020 0.040 0.064 
to to to 
0.020 0.040 0.064 
180 183 181 


Tip Cleaning on 

Electro¬ 

magnetic 

0.020 0.040 0.064 
to to to 
0.020 0.040 0.064 
86 92 61 


Table 6—Number Spot Welds Between Tip Cleaning on 
Alclad for H 3 rdrofluosilic Acid 


Company 

0.020-0.020 

-Metal Thickness- 
0.040-0.040 

0.064-0,064 

K 

250 

100 

75 

L 

50 

20 

30 

Av. 

150 

60 

53 


Table 4—Number Spot Welds Between Tip Cleaning on 
AMad tor Oaldte 84A 


Company 

0.020-0.020 

-Metal Thickness- 
0.040-0.040 

0.064-0.064 

A 

150 

40 

20 

B 

100 



C 

300 

200 

ioo 

D 

50 

20 

30 

E 

150 

500' 

300 

F 

150 

150 

100 

Av. 

150 

165 

110 


Operation 1 is omitted if parts are not heavily soiled. 

\^en assembled parts are cleaned in Kelite K-1, the 
parts are spot welded while wet in the faying surfaces. 

The dipping sequence for bare 24ST is as follows: 

1. Predean heavily soiled parts in vapor degreaser. 

2. Predean in Oakite 31W. 

3. Hot water rinse. 

4. Immerse in Oakite 30. 

5. Cold water rinse. 

6. Immerse in nitric add. 

7. Cold water rinse. 

8. Dry and assemble for spot welding. 

Either a hot or cold air blast is generally used to dry 
parts. 

The time of spot welding after oxide removal varies 
from a few minutes up to 72 hr. but with most companies 
spot wdding within 10 hr. Parts not welded in the 
spedfied time are usually redipped the original time, or 
wire brushed or sandpapered. 

Production Spot Welding Results and Miscellaneous .— 
Nineteen companies reported difficulty in removing 
identification ink markings, espedally from Reynolds 
Aldad sheet, in the alkaline aluminum precleaner for 
lightly soiled parts. Handling of individual parts and 
scrubbing with bn^hes is necessary to remove the resid¬ 
ual ink which slows up the process. A number of com¬ 
panies reported that any residual ink which was not 
removed caused difficulty in subsequent spot-weld 
operations. Generally, little trouble was experienced 
with protective oil removal. 

The average number of spot welds between tip dean- 
ing which was obtained on different thicknesses of Aldad 
for the various oxide removers on different types of 
machines are shown in. Table 3. 

The average number of spot welds on Aldad 24ST 
between tip deaning obtained by companies using the 
same type of machine on Oakite 84A, Kelite K-1, hydro- 
fluosilic acid, hydrofluoric add and Oakite 30 are shown 
in Tables 4, 5, 6, 7 and 8. 


Table 7—^Number Spot Weld# Ba t waan Tip Claaning on 
Alclad for Hydrofluoric Acid 


Company 

0.020-0.020 

-Metal Thickness- 
0.040-0.040 

0.064-0.064 

M 

60 

50 

35 

N 

65 

70 

37 

0 

60 

30 


Av. 

62 

50 

36 


Due to the limited data reported in the survey, the 
number of spot welds between tip deaning for other 
oxide removers is not given. 

Cost of the oxide remover per gallon, as prepared for 
production use, ranged in price from $.03 for hydro- 
fluosilic acid, hydrofluoric add and Diversey DC-1 to 
$1.50 for Kelite K-1. 

Mallory No. 3 and Elkaloy A are the most commonly 
used dectrode materials and are generally used either 
with a 2-, 3- or 4-in. radius dome against a 10-in. radius 
dome. A rubber or contour tool is used with emery cloth 
to maintain electrode shape. 

The number of welds between tip reshaping was very 
limited and ranged from 500 to 140,000 with one com¬ 
pany reporting that the electrode was consumed in the 
machine by tip contour dressing with emery doth. 

Seven companies reported using refrigeration cooling of 
electrodes from —4 to 34® F. 

The number of shear consistency specimens to check 
machine setup before production welding ranged from 
1 to 12 with one company reporting check of button size 
only. Fifteen companies reported using three specimens. 
The consistency requirements ranged from some com¬ 
panies requiring that specified minimum shear strength 
only be exceeded to approximately =^35% deviation. 
Eleven companies require ±12.5% or less for shear 
strength consistency. 

Conclusions 

It is not possible from the results of the Siuvey of 
Chemical Cleaning Practices for Spot Welding Alumi¬ 
num Alloys to determine whether one oxide remover 
for the suifacSe preparation of aluminum alloy is best or 
one oxide remover is better than another. The reason 
is lack of information and data available as to what the 
oxide removers had done, especially the average number 
of spot welds obtained in production between electrode 
deaning. The replies to the questionnaire concerning 
the average number of spot welds between electrode 
deaning showed considerable variation when using the 
same type of spot-weld machine and oxide remover. 


TabU 5—^Number Spot Wolds Bstwsen Tip Cleaning on 
Alclad for Kelite K-1 


Company 

0.020-0.020 

-Metal Thickness- 
0.040-0.040 

0.064-0.064 

G 

70 

80 

70 

H 

350 



I 

500 

4M 

200 

J 

100 

80 

50 

Av. 

255 

203 

107 


Table 8—Number Spot Welds Be t ween Tip Cleaning on 
Bare 24ST for Oakite 30 


Company 

0.020-0.020 

-Metal Thickness- 
0.040-0.040 

0.064-0.064 

P 

250 

150 

75 

Q 

75 

75 

100 

R 

25 

30 

18 

Av. 

117 

85 

64 
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One company reported 20 spot welds between tip clean¬ 
ing on 0.040 Alclad while another company using the 
same type of spot-weld machine and oxide remover re¬ 
ported 500 spot welds. In the case of another oxide 
remover, one company reported 70 spot welds on 0.02 
Alclad while another company using the same type of 
spot-weld machine and oxide remover reported 500 spot 
welds between electrode cleaning. Due to the many 
variables involved, such as electrode shape, speed of 
machine, temperature of tip coolant and rate of flow, 
shear strength of spot, time delay between oxide removal 
and spot welding, and shear strength consistency, it is 
not possible to explain the great difference in the number 
of spot welds between electrode cleaning which were re¬ 
ported when using the same oxide remover. Until all 
variables which are involved are held constant, except 
the oxide removers, then it will be possible to evaluate 
the merits of one oxide remover as compared with another 
in so far as the number of spot welds which are obtained 
between electrode cleaning is concerned. 

Furthermore, there was considerable variation be¬ 
tween immersion times for the same thickness of Alclad, 
as practiced by the different reporting companies, when 
using the same oxide remover. This points out the fact 
that the process for the surface preparation of alumi¬ 
num alloys is not standardized for any one oxide re¬ 
mover. 

For the surface preparation of aluminum alloys for 
spot welding, it is absolutely essential, regardless of the 
precleaners or oxide removers which are used, to exercise 
complete control of all phases of the cleaning process 
from the time the parts are first immersed in the pre¬ 
cleaners until the final rinse and dry after oxide removal 
if low uniform resistance for spot welding is to be ob¬ 
tained. When the proper equipment for the precleaners 
and oxide removers has been installed, it is then neces¬ 
sary to control the solution strength of the precleaners 
and oxide remover, and also the cleaning procedure, as 
the aluminum alloy parts are passed through the various 
chemical solution and rinse water tanks. The following 
cleaning procedure for Alclad is typical: 

1. Heavily soiled parts are degreased in a trichlor- 
ethylene vapor degreaser. Omitted if parts are not 
heavily soiled. 

2. Preclean lightly soiled parts in an alkaline alumi¬ 
num cleaner until a chemically clean surface is obtained. 

3. Rinse in cold running water or warm water not to 
exceed 140° F. 

4. Immerse in oxide remover for the specified time 
for the particular thickness. 

5. Rinse in cold running water or warm water not to 
exceed 100° F. 

6. Dry in air blast and assemble for spot welding. 

From the results of this survey, it is further concluded 

that: 

1. Trichlorethylene degreasers are satisfactory for 
degreasing heavily soiled parts. 

2. The alkaline aluminum cleaners are apparently 
suitable for removing light oil and dust films but un¬ 
suitable for removing the identification ink markings 
used on some sheets. This is discussed further in the 
conclusions. 

3. Control of solution strength of the precleaner and 
oxide remover is best maintained by titration with a 
fiuther check of the surface preparation by contact re¬ 
sistance measurements on test pieces. 

4. Daily checks of the solutions or as necessary to 
maintain the strength within the optimum operating 
range are essential. 

5. Automatic thermostat temperature control of the 
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precleaners and the oxide remover, if heated, within the 
specified temperature range is necessary. 

6. Suitable timing devices adjacent to the tanks are 
necessary so that various thicknesses are immersed for 
the correct length of time. 

7. Competent operators are necessary. 

8. Surface preparation is usually done on detail parts 
and then assembled for spot welding. 

The identification ink marking which is used on some 
Alclad is not satisfactorily removed by the alkaline alu- 
minumcleanersfor predeaning lightly soiled parts without 
resort to scrubbing with fib^ brushes or wiping detail 
parts with solvent. Nineteen companies reported diffi¬ 
culty in removing the ink in various types of precleaners. 
Fourteen companies reported trouble, such as spits in 
spot welding, over residual ink. Therefore, there is 
need for an identification ink which can readily be re¬ 
moved from the sheet by simple immersion and without 
manual scrubbing or wiping. 

Careful consideration must be given in the selection 
of the material and design of the tanks for the pre¬ 
cleaner, oxide remover and rinse tanks if satisfactory 
deaning is to be obtained. The tank for the alkaline 
predeaner for lightly soiled parts may be made of welded 
black iron with dosed iron steam coils located on the side 
and a perforated iron pipe along one side in the bottom 
for air agitation as required. In addition, this tank 
should have an overflow dam for skimming surface ac¬ 
cumulations and a. bottom drain for dumping. Auto¬ 
matic temperature controlling devices should also be 
provided. 

The rinse tanks for the precleaner and the oxide re¬ 
mover should be made of cypress or long-leaf yellow pine 
wood suitably reinforced or of sted with a stmnless clad 
lining or some rubber type lining to prevent rusting. 
This tank should also be provided with an overflow dam 
and a drain line for removing the overflow. This line 
should be several times larger than the inlet pipe for 
fresh water so as to assure clean water for rinsing parts 
at all times. It is also good practice to provide a per¬ 
forated pipe in the bottom and use air agitation when 
rinsing. Perforated water pipes along the top of the 
tank which may be used for flushing the parts when with¬ 
drawn from the tank is also good practice. The same 
rinse tank for the precleaner and oxide should never be 
used as this condition would result in contamination of 
the oxide remover due to drag over from the precleaner 
and the balance and control of solution strength of the 
oxide remover, so essential to good surface preparation, 
would be destroyed. 

The material of the tank for the oxide remover should 
be resistant to the solution which it is to hold. Cypress 
or long-leaf yellow pine wood tanks suitably reinforced 
and without bottom drains are satisfactory for oxide re¬ 
movers such as Oakite 84A, Kelite K-1, hydrofluoric 
add, hydrofluosilic add, Diversey DC-1, Oalate 30 and 
31W. Steel tanks with stainless clad lining are suitable 
for nitric acid. Heating coils of carbon (Karbate) are 
suitable for Oakite 84A and 31W, and also Diversey 
DC-1. Aluminum 2S or 3S coils are also suitable for 
Oakite 84A. Lead coils and lead tank lining for Oakite 
84A and Kelite K-1 are not considered suitable as a black 
smut on the Aldad often occurs when using these ma¬ 
terials. Automatic thermostat control of the tem¬ 
perature of the tanks for those oxide removers which 
are heated is considered very important for optimum 
results. 

Baskets for immersing the parts through the tanks 
should be made of 2S or 3S aluminum. Other metals 
generally introduce undesirable electrical couples. 
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Summary 
Part I—^Fundamentals 

Metals Dissimilar in the Nature of Their Major 
Constituent 

In this case the properties of the joint are dependent 
primarily on the nature of the bond itself. The bond 
may be secured by the three following means: alloying, 
surface tension as in tinning, soldering or brazing (per¬ 
haps with some alloying) and intergranular penetration. 

Metals Dissimilar in the Nature M Their Alloying 
Elements 

In this category the bond is secured by means of co¬ 
hesive forces devdoped between atoms of the major con¬ 
stituent. The properties of the joint, however, are con¬ 
ditioned by the interaction of the allo 3 dng elements. 
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The interaction may be of a physical nature (dilution or 
pickup) or of a chemical nature (oxidation, intermetallic 
compounds). 

Metallurgically it is desirable to avoid the formation of 
intermetallic compounds which are as a rule brittle and 
produce cracks in the joint. This condition is equiva¬ 
lent to reducing as much as possible the amount of 
mutual alloying. Several means are mentioned in the 
literature to achieve this aim; all of them tend to limit 
the rate and degree of diffusion. 

Part n—Dissimilar Ferrous Metals 

Dissimilar Base and Weld Metal 

Generally, a combination of dissimilar base and weld 
metal has a tensile strength somewhat higher than the 
weakest component and a ductility lower than either. 
The fusion zone is generally richer in alloying elements 
than the poorer of the two metals joined, namely, the 
weld deposit and the base metal. If the base metal is 
richer in alloying elements there is some pickup in the 
fusion zone from it or conversely if the weld deposit is 
richer it gives up some of the alloying elements. 

Carbon Steels Welded with Austenitic Electrode 

Usually welds made with a 25 or 20 Cr-Ni rod in carbon 
steels are superior in strength, ductility and toughness 
to the usual low-alloy steel rod and difficulties connected 
with dissimilar shrinkage are avoided as it has nearly the 
same coefficient of expansion as mild steel. The superi¬ 
ority becomes quite appreciable with carbon contents 
above 0.30%. 

Dilution. —Best results are obtained when the alloying 
content of the electrode is sufficiently high (25-12 or 
25-20 Cr-Ni) to prevent the formation of martensite by 
dilution or otherwise. Base metal having a carbon 
content above 1% facilitates this formation. A 13% 
Mn austenitic weld is susceptible to this formation and 
cracking. 

Welding Low-Alloy Steels 

A few specific examples are given in the main body of 
the report of base met^ welded with low-alloy steel rods. 
However, additional information is given in previously 
published reviews. 

Cr-Mo Steels 

Generally, preheating and p>ostheating are recom¬ 
mended with the use of a 25-20 or 19-9 Cr-Ni rod. 
However, if the carbon content is below 0.10 or the steel 
contains Ti, successful welds may be made with an 18-8 
Cr-Ni Cb rod. 

Welding Austenitic Mn Steels 

Successful welds have been reported with the use of 
an 18-8 Cr-Ni rod. 

Corrosion of Dissimilar Weld and Base Metal 

This question was fully rep>orted in the review on 
Corrosion Resistance of Welded Joints. The conclusion 
was that even large differences in composition between 
base and weld metal might not lead to adverse local 
effects. 

Surfacing by Means of Dissimilar Metals 

An unusual example of the welding of dissimilar metals 
is found in “hard facing’’ applications. They may be 
divided roughly in four groups containing (1) less than 
20S^o alloys, (2) more than 20% alloys, (3) nonferrous 


alloys, (4) tungsten carbides. In the first three chrome 
is usually the essential wear-resistant ingredient. 

Each group has certain characteristics which usually 
dictate the choice for any particular application. Welda¬ 
bility and resistance to wear, impact, abrasion, erosion, 
heat or corrosion are some of the factors which govern the 
selection. 

Inasmuch as this review is not intended to be a treatise 
on hard facing the weldability features only will be men¬ 
tioned. Usually the base material is selected because 
of considerations of service. However, it is necessary to 
know its exact character and analysis. The character 
usually helps determine the welding or brazing process 
to be used. Other factors dep)endent in part on both 
base metal and deposited metal are preheating to pre¬ 
vent cracking or warping, surface cleaning and method 
of control of warpage and shrinking. 

The advantages usually associated with hard facing 
are longer life, utilization of lower cost or better service 
characteristics for the base metal, salvage of worn parts 
and op)erating efficiency. 

Dissiinilar Fenoiis Beue Metals 

High-Carbon Steel to Mild Steel 

Successful flash or butt welding of mild steel to any 
carbon steel may be accomplished with suitable preheat¬ 
ing and postheating technique. 

Carbon Steel to High-Alloy Steel 

Carbon to Chromium or Cr-Mo Steel. —Combination 
used to provide resistance against corrosion or high 
temperature (3-30% Cr, Mo up to 5%). Choice lies 
between a low C or 25-20 Cr-Ni electrode. The latter 
is commonly used if annealing after welding is not feas¬ 
ible. The dilution caused by a base metal of ordinary 
carbon steel deserves sp)ecial attention if the joint is made 
with a high-Cr-iron electrode. Due to dilution and in¬ 
crease in C content the first layer of the deposit as a rule 
is martensitic. Furthermore, the migration of C pro¬ 
duces a band rich in C close to the fusion zone followed 
by a band of large ferritic grains in the heat-affected area 
of carbon steel. This is apt to increase the brittleness. 

Resistance butt welding—no difficulties are re{X)rted 
in butt welding plain carbon steels to Cr-Mo corrosion- 
resistant steels. 

C steel to 12-14% Mn Steel. —Judging from the in¬ 
formation gathered up to 4938, it should be p>ossible to 
weld 12-14% Mn steel to a mild steel by means of 18-8 
or higher Cr-Ni electrode. 

Carbon to 18-8 Cr-Ni and Higher Chromium-Nickd 
Steels. —Use of a 25-12 or 25-20 Cr-Ni rod is recom¬ 
mended either in arc or gas welding. 

Spot welding of carbon or low-alloy steel to 18-8 may 
be accomplished through the avoidance of a slug contain¬ 
ing a mixture of the two metals. Pulsation heating is a 
remedy. 

Carbon Steel to Tool Steels 

The welding of plain carbon or low-alloy steel to too! 
steels by arc, gas or resistance welding is a regular pro¬ 
cedure. The procedure is controlled by the process used 
and by the type of tool. In general, tool steel must be 
preheated and annealed or very slowly cooled after weld¬ 
ing. Sometimes quenching is necessary to restore 
hardness. Brazing is commonly used to avoid the heat¬ 
ing effects due to welding, but resistance flash weldinf 
also seems effective. 

Low Alloy to Low-Alloy Steels 

The main body of the rep>ort contains some details ic 
the following combinations: Chromansil to ChromoK 
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Carbon Molybdenum to Carbon-Chromium molyb¬ 
denum. 

Welding Wrought Iron to Rolled Steel 

Successful welds can be made by all processes. 

Welding Steel Castings to Ferrous Metals 

Successful applications of these combinations are in¬ 
dicated in the report. 

Welding Cast Iron to Ferrous Metals 

Special precautions are indicated in welding combina¬ 
tions involving cast iron and malleable iron. 

Brazing Dissimilar Ferrous Metals 

Excellent physical characteristics of brazed joints are 
possible. The various brazing processes are particularly 
advantageous when high temperatures due to welding 
■would have undesirable effects on one or both of the 
parts being joined. 

Electric furnace brazing possesses a still further ad¬ 
vantage under certain conditions in that a neutral or a 
reducing atmosphere may be provided as needed. 

Bronze Welding 

Bronze welding is the most widely used method of 
joining dissimilar metals. Its main feature lies in that 
actually no direct contact is established between the two 
base metals. This follows from the very definition of 
the process which is described as ‘ 'making a joint by 
heating clean weld areas of the base metals to a red heat 
only and then melting the fluxed end of a bronze rod onto 
the heated areas and continuing until the vee is filled.” 

An explanation for the excellent physical properties 
has previously been given. 

The main body of the report gives details on the 
following combinations: mild steel to 18-8 Cr-Ni; 
cemented carbide tips to tool shanks; galvanized pipes 
to galvanized pipes; cast iron to cast iron; cast iron to 
steel. 

Part ni— "Vi elding Ferrous to Nonierrous Metals 

Nickel and nickel alloys are frequently welded to steel 
and cast iron using covered Monel electrodes. Silver 
brazing may also be used. Seam and flash welding 
steel to nickel and nickel alloys offer no difficulty. 


Gas welding is successfully used to braze brass tips to 
steel stems in mining tools. One authority recommends 
the use of aluminum bronze for arc brazing. Copper 
electrodes have been used for joining copper and mild 
steel. Copper rod having 0.25% Si has been used in 
carbon arc welding of signal wires to high-carbon rail. 

Brass may be sp>ot welded to 18-8 stainless steel. 
Projection welding is also successfully employed to join 
brass and copper to steel. 

Earlier reviews given in the bibliography give details 
of welding aluminum and its alloys to other metals. 

Spot facing, that is, surfacing of iron alloys by means 
of bronze overlays is common practice in the railroad 
and other industries. 


Part IV—Dissimilar Nonierrous Metals 

The following filler metals receive favorable mention 
in welding copper (deoxidized copper gives much better 
results from a welding viewpoint): 

Gas welding—phosphor deoxidized copper with or 
without silver; silicon copper with 0.15 to 0.3% Si. 
Carbon arc—10% Sn and 0.30 P; 3% Sn and ,l% Mn; 
silicon bronze with 0.3% Si. 

One hundred per cent joint efficiency also has been ob¬ 
tained in the case of high copper brass (86Cu - 15Zn), 
Munz metal (60Cu-40Zn) and Naval brass (59% Cu, 
0.75% Sn, balance Zn) when using low silicon bronze for 
gas welding (1.5% Si, 1% Zn) and high silicon bronze 
(3% Si) for carbon arc welding. 

Copper to Aluminum 

The joint in this combination is usually brittle regard¬ 
less of the process except resistance welding. In re¬ 
sistance welding a high pressure is used to extrude nearly 
all of the brittle aluminum-copper alloy from the joint. 

Aluminum to Aluminum AUoys 

All combinations are apparently weldable—some re¬ 
quire special precautions and filler metal. Spot welding 
of various combinations is readily made. In any case 
heat-treatable alloys cannot be welded without affecting 
the heat treatment. 

Aluminum to Nickel Alloys 

Successful gas welds between these alloys have been 
reported although the devices used indicate brazing 
techniques. 


Welding of Dissimilar Metals 


Part I—Outline of the Problem, 
Fundamentals 

T he joining of dissimilar metals enables one to 
combine in a composite article widely different 
physical and chemical properties. As a result the 
article not only gives a better service, but also exhibits 
characteristics which are almost unobtainable with a 
single metal or alloy. The joining operation is per¬ 
formed by means of various welding techniques: fusion 
•vvelding, brazing, soldering or resistance welding. Re¬ 
gardless of the procedure, the result may be a success or 
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a failure. What are then the inherent conditions for ob¬ 
taining a sound joint between two dissimilar metals? 
Obviously these conditions must depart from the idea 
of a homogeneous joint which is predominant in the mat¬ 
ter of welding two identical metals. The reviewers 
could not find a clear and general statement of these 
conditions in the literatiiie itself. The following picture, 
however, can be drawn from scattered opinions expressed 
by different authors. 

At the outset a distinction will be made between 
metals dissimilar in the nature of their major constituents, 
e.g., iron and aluminum, and metals dissimilar in the 
nature of their alloying elements, e.g., copper and brass. 
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Metals Dissimilar in the Nature of Their Major 
Constituent 

In this case the properties of the joint are dependent 
primarily on the nature of the bond itself. The bond 
may be secmred by the three following means: 

(a) Alloying —as a result of mutual diffusion of atoms 
with formation of solid solutions or intermetaUic com* 
pounds; e.g.,copi)er-aluminum,*“'^“iron-aluminum^”'*' 
and brazing.” 

{b) CapUlarity or surface tension —as in tinning,” 
brazing”* ** and various types of soldering.'*^ The role 
of capillarity is enhanced by a strict adherence to the 
clearance.'*^ The bond itself is believed to be of a 
rather superficial natme (adhesion).*^ In other words 
the bond is visualized primarily in the nature of inter¬ 
atomic forces acting at the very interface. One may 
question whether tUs picture alone can explain satis¬ 
factorily the unusually high resistance of some joints 
which are much stronger than the solder itself.In 
fact, there is an indication that some alloying does occur 
in tnuzing and soldering, as time is an important fac¬ 
tor.^*- 

(c) Intergranular penetration. —This factor was called 
for previously to explain successful welding of cast iron 
by means of Monel filler rod. It is now considered as 
being only of secondary importance.” Integranular 
penetration of soft solders, however, seems to play an 
important role in the phenomena of intergranular corro¬ 
sion under stress ” 


Metals Dissimilar in the Nature of Their Alloying 
Elements 

In this category the bond is secured by means of co¬ 
hesive forces devdoped between atoms of the major con- j 
stituent. The properties of the joint, however, are j 
conditioned by the interaction of the alloying elements. 
T'he interaction may be of a physical nature (dilution or 
pickup) or of a chemical nature (oxidation, intermetaUic 
compounds). 

(а) The dilution and pickup are governed by the rate 
of diffusion of aUoying elements during welding." They 
are responsible for phase changes occurring as a result 
of rate of cooling, e.g., the formation of a martensitic 
layer in steels of dissimilar composition.** •*- •• 

(б) The influence of oxidation and intermetaUic com¬ 
pounds has not been reported actuaUy, yet much of the 
porosity found in the case of welding steels of different 
composition”* is undoubtedly due to some kind of oxi¬ 
dation. The same is true for copper.”*’ ”*• 


Conditions Obtaining Satisfactory Joint Between 
Two Disrimilar Metals 

StiU much has to be done in order to ascertain the exact 
influence of factors which are enumerated in the litera¬ 
ture, and it is not at aU sure that aU the factors involved 
have been properly accounted for. The foUowing is a 
tentative statement of conditions based on the av^able 
information: 

1. Avoid the formation of intermetaUic compounds 
which are as a rule brittle and produce cracks in the 
joint.®* “* '* This condition is equivalent to reducing 
as much as possible the amount of mutual aUoying. 
Several means are mentioned in the literature to achieve 
this aim; all of them tend to limit the rate and degree of 
diffusion: 


(а) in fusion welding —by confining the melting to 

one of the met^s o^y. This becomes, in fact, 
a brazing operation with”’ ***• '"orwith- 

out“'’ **■ ®* intermediate fiUer metal acting as a 
solder. 

(б) in resistance welding —by reducing the time and 

extent of preheating to a minimum (example, 
condenser discharge welding,” pulsating weld¬ 
ing”) or by avoiding the formation of a molten 
slug either entirely'* or at least in one of the 
two metals.®* One instance of interposition 
of a third metal is also found (no details).®* 
Finally, a purely mechanical method is men¬ 
tioned of extruding all of the brittle inter- 
metallic compound by merely pushing up the 
weld in the case of pressure resistance weld¬ 
ing.'” 

2. Reduce the magnitude and/or rate of thermal and 
residual stresses produced by the dissimilarity of thermal 
coefficients. This is obtained either by selecting proper 
chemical composition of. both dissimilar met^,"' or 
more securely by controlling the rate of heating and 
cooling."*' ”• ”• ® If neither of these means is applicable, 
then more allowance for free shrink^e may be ^e right 
solution." 

3. Compensate for difference in the thermal conduc¬ 
tivity, melting point and electric resistance when joining 
by means of resistance welding. To this end different 
tip areas and shapes of electrodes are used on both sides 
of spot-welded sheets,'*** ®* or in the case of resistance 
butt welding, the two dissimilar metals are clamped at 
unequal distance from the joint.'** 

4. However the most serious problem in connection 
with joining dissimilar metals appears to be the corrosion 
resistance of the joint. Statements to this effect, 
whether conclusive*" or inconclusive,** are only of a 
specific nature. There is a need for a research that will 
determine the general conditions for a satisfactory joint 
' between dissimilar metals from the point of view of cor¬ 
rosion. 


Part II—Dissimilar Ferrous Metals 

Dissiinilar Base euid Weld Meial 

Since the major constituent in ferrous metals is the 
same, namely, iron, the term ^'dissimilar” applies merely 
to the alloying elements. Strictly speaking there is al¬ 
ways some difference in chemical composition between 
the base and weld metals. Therefore, the term “dis¬ 
similar” will be used here with the understanding that 
the difference in the amount of alloying element has been 
produced intentionally. 

(a) Mild steel base metal welded with an alloying 
rod. An extensive investigation was carried out in this 
direction by Zeyen.” Mild steel specimens with longi¬ 
tudinal butt welds made of different kind of rods were 
tested in static and pulsating tension. For chemical 
composition and mechanical characteristics of weld de¬ 
posits see Tables 1 and la. The results of tensile tests 
are reproduced in Table 2 which shows that as a whole a 
combination of dissimilar metals has a tensile strength 
approaching that of the weakest component, and ductil¬ 
ity lower than either of them. Best results were found 
with the electrode of Series O. Results in fatigue ana¬ 
lyzed previously** also came out best with the electrode 
of Series O. 

On the contrary, Schmitt” reports that oxyacetylenc 
and arc welds made with low-carbon rods in a series of 


68-fl 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


FEBRUARY 



T«bl« 1—Composition ol Wold D^;>o^ts. Zoyon** 


Weld 


Series 

Process 

C 

Si 

Mn 

P 

8 

Cu 

Ni 

Cr 

Mo 

N* 

Ol 

Hi 

A 1 


0.07 


0.33 

0.022 

0.028 

0.15 

0.03 

0.01 


0.019 

0.051 

0.0006 

B 

Gas 

0.08 

o!o8 

0.36 

0.022 

0.030 

0.14 

0.08 

0.02 


0.017 

0.049 

0.0006 

C 

welding 

0.13 

0.12 

0.65 

0.020 

0.028 

0.12 

0.04 

0.01 


0.017 

0.026 

0.0008 

D 

0.20 

0.33 

0.66 

0.010 

0.013 

0.12 

0.13 

0.64 

o!ki 

0.014 

0.026 

0.0004 

B 


0.14 

0.68 

0.71 

0.014 

0.018 

0.09 

19.6 

26.3 


0.028 

0.038 

0.0023 

F 


0.03 

0.02 

0.20 

0.028 

0.030 

0.16 

0.06 

• • • 


0.140 

0.210 

0.0002 

G 


0.04 

0.02 

0.20 

0.026 

0.029 

0.10 

0.09 



0.120 

0.180 

0.0003 

J 


0.12 

0.06 

0.44 

0.018 

0.020 

0.09 

0.08 

6!6i 


0.100 

0.09 

0.0003 

L 

Arc 

0.06 


0.20 

0.029 

0.024 

0.13 

0.07 



0.062 

0.13 

0.0009 

O 

welding 

0.10 

oioe 

0.55 

0.023 

0.016 

0.11 

0.19 

0.01 

0.49 

0.025 

0.09 

0.0006 

0 

0.11 

0.66 

0.68 

0.017 

0.016 

0.11 

0.07 

0.03 


0.015 

0.094 

0.0018 

T 


0.19 

0.67 

6.10? 

0.017 

0.018 

0.11 

7.5 

18.6 


0.089 

0.021 

0.0010 

U 


0.13 

0.71 

1.84 

0.019 

0.017 

0.08 

18.7 

22.9 


0 068 

0.042 

0.0006 


Toblo la-->MocKazdcal Charaotorioties of Wald Dopooit. 

Zoyon** 

Notch impact. 



Tenrile 

Yield 

Btonga- 
tion, % 

Kgm./Sq. Cm. 
D. V. M. R., 


Weld Strength. 

P<wt, 

in 6 times 

Test 

Series Process 

Psi. 

Psi. 

Diam. 

Specimen 

A 


66,000 

38,200 

26.6 

12.0 

B 

Gas 

66,600 

38,500 

23.6 

12.2 

C 

> Welding ‘ 

64,000 

36,000 

23.3 

13.8 

D 

86,000 

11.2 

10.6 

B 


7aooo 

36,600 

36.9 

12.1 

F 


69,000 

43,600 

7.6 

1.6 

G 


67,600 

42,200 

11.2 

1.9 

J 


68,000 

49,000 

16.0 

6.4 

L 

Arc 

61,200 

60,000 

26.0 

9.3 

0 

Welding ^ 

74,600 

66,000 

31.9 

14.2 

Q 

74,000 

68,600 

26.7 

10.3 

T 


99,000 

69,300 

47.4 

18.8 

U, 


88,600 

62,000 

44.8 

16.9 


steels up to 1.25% C had a tensile strength of 45,000 psi. 
regardless of the composition of base metal and despite 
considerable pickup of carbon |)y weld. No explanation 
was offered. A more general investigation on the inter- 
action between base and weld metal was carried out by 
Lipetzki and Trudler.“ 

The heterogeneity in alloy element between base metal 
and arc weld deposit was studied by means of chemical 
analysis of layers taken from base metal near the weld 
and weld proper. The following elements were investi¬ 
gated: C, Mn, Si, P and S. ^veral structmal steels 
were investigated. The results were as follows: 


1. If the weld is poorer in alloying element than the 
base metal, then the former will ^ enriched, especially 
at the fusion zone. 

2. Conversely, the weld win cede a part of its alloying 
element to the poorer base metal. 

3. In case of difference in concentration the diffusiv- 
ity is an important factor: it is greater with Cu and Ni 
than with Cr. 

4. The heterogeneity of a particular addition depends 
on the tendency of its oxide to dissociate. The greater 
this tendency, the less the heterogeneity. The hetero¬ 
geneity increases with the following elements: C, Si, 
Mn, P and Si. 

Carbon Steels Welded with Austenitic Electrode 

Extensive tests were carried out by Zeyen*^ to demon¬ 
strate that welds made with a high-Ni high-Cr austenitic 
electrode, presumably 25 Cr 20 Ni, were superior to welds 
made with an ordinary nonalloyed electrode. Table 3. 
Additional information on the use of this type of elec¬ 
trodes for welding plain carbon and low-aUoy steel is 
supplied by Beckmsm of Krupp’s.“ The non-aging, so- 
called Izett steel containing 0.25 C, 0.5 Mn, 0.05 Si, 
trace of metallic aluminum, is welded with an apstenitic 
electrode of the following composition: 


C Si Mn Ni Cr N, O, 

Electrode 0.09 0.78 1.31 19.9 26.3 0.019 0.040 

Deposit 0.20 0.36 1.86 18.4 22.3 0.044 0.060 


Table 2—Tensile Tests on Specimens with Longitudinal Welds. Zeyen'* 

•-Weld Unmachined-. --Weld Machined- 





Yield Point, 

Tensile Strength, 

Elong., 

Yield Point, 

Tensile Strength, 

Elong. 

Senes 

Weld Process and Rod 

Psi. 

Psi. 

% 

Psi. 

Psi. 

% 

A1 



38,200 

60,000 

13.6 

36,400 

67,000 

17.2 

B 



39,600 

62,000 

16.6 

34,000 

67,000 

21.2 

C 


Gas welding, unalloyed 

41,000 

63,400 

14.6 

38,000 

69,600 

22.4 

D 



41,000 

63,400 

12.0 

saooo 

63,000 

17.6 

EJ 



39,600 

66,300 

16.6 

32,600 

64,000 

21.2 

FI 



49,500 

69,000 

4.8 

49,500 

67,200 

6.2 

G 



48,000 

60,200 

6.4 

47,000 

60,000 

7.2 

I 



62,200 

63,600 

8.0 

49,600 

62,000 

12.0 

L 


Arc welding 

48,000 

66.000 

26.0 

48,000 

61.000 

28.0 

O 



49,600 

63,000 

22.0 

45,200 

61,000 

31.2 

Q 



60,800 

67,600 

14.4 

49,600 

63,200 

20.8 

T 



62,300 

71,000 

16.6 

49,600' 

67,000 

16.0 

U 



47,000 

67,600 

24.4 

49,500 

66,600 

28.4 

X 


Base metal 


• * « • 


41,000 

68,600 

30.8 


Cross section: 1.67 x 0.47 in. 

V—butt weld with 60® opening—root of weld machined. 
Elongation corresponding to that of 5 diam. 


1945 


WELDING OF DISSIMILAR META1£ 


Digitized by 


Google 


69-t 








Tabl« 3—Arc Welds Made with Austenitic and Unalloyed Electrodes on Plain C Steel Plates V* 1^* Thick. Zayen'* 



-Ba.s( 

Tensile- 

i Metal- 

Angle* 

Charpyt 

-—Weld Nonn 
Tensile 

aachmed—- 
Angle* 

Tensile 

Weld Machined 
Angle* 

Charpyt 



Strength in 

of Bend, 

Impact, 

Strength in 

of Bend, 

Strength in 

of Bend, 

Impact, 


C,% 

1000 Psi. 

Deg. 

Kgm./Cm.* 

1000 Psi. 

Deg. 

1000 Psi. 

Deg. 

Kgm./Cm.* 

EleclPK' 

0.11 

57 

>180 

17.0 

80 

>180 

78 

>180 

14.0 

Austenif 





78 

180 

72 

>180 

12.4 

Unallo)t 

0.17 

08.5 

>180 

8.3 

90 

>180 

85 

>180 

13.3 

Austenii 





86 

180 

75 

>180 

10.4 

Unalluyi 

0.30 

83 

>180 

7 1 

100 

70.1 

95 

180 

12.5 

Austvnii 





91 

64.3 

83 

91 

8.9 

Uoalloyc 

0.38 

02 

>180 

7.3 

106 

74.7 

102 

180 

15.0 

Austenit 





92 

64.4 

82 

66 

8.0 

Unallovc 

0.5H 

95 

>180 

5 6 

113 

79.8 

105 

180 

14.1 

Austenit 





96 

67.7 

88 

60 

7.9 

Unallovt 

O.'GO 

104 

105 

3.5 

115 

81.0 

106 

90 

13.1 

Austenit 





92 

65.2 

76 

17 

6.6 

Unalloyi 

0.08 

112 

90 

5 3 

106 

74.7 

102 

53 

13.1 

Austenit 





95 

66.7 

78 

5 

5 6 

Unallciyi 


* Around a mandrel = 2 X thickness. 

t The German tjT)e of notch (depth = .3 mm. instead of 5 mm.). 


Much of the troubles connected with dissimilar 
shrinkage (see reference 59) is avoided with this elec¬ 
trode, as it has nearly the same coefficient of expan¬ 
sion as mild steel, but its modulus of elasticity is only 
21.4 to 22.8 X 10* psi. as compared to 30 X 10* psi. for 
mild steel. The effect of this difference on shrinkage 
stresses and stress concentration is incompletely known, 
according to Hodge.** 

Dilution .—To obtain best results it is essential that 
the austenite remains stable and does not revert to mar¬ 
tensite as a result of dilution, according to Emerson.** 
That is why 25-12 or 25-20 Cr-Ni electrodes are prefer¬ 
able to 18-8. 

The existence of a thin layer of martensite was actually 
disclosed by Aborn and Offenhauer.** The layer is very 
thin, about 0.002 in. in thickness, but does not impair the 
physical properties of the weld if the carbon content of 
the base metal is less than 1%, according to Rapatz and 
Hummitzsch.**' *^ Intergranular penetration of the 
austenitic weld metal occurred in the higher carbon steel 
(relatively low melting point) but not in the low-carbon 
steel. The austenite that penetrated the grain bounda¬ 
ries became martensitic only just at the point of contact 
between the weld metal and base metal. 

Speaking of penetration of austenite into mild steel, 
the microstructure between 14% Mn austenitic weld and 
mild steel base metal has attracted some attention. 
Rapatz and Hummitzsch** found that the martensitic 
transition zone was wide and brittle, much wider than in 
the case of a nickel austenite deposit (0.12 C, 28 Ni, 3 
Cr). This was said to be due to the more rapid diffusion 
of manganese in mild steel. On the other hand, manga¬ 
nese austenit'e has a higher coefficient of thermal expansion 
than nickel austenite, hence, is more sensitive to cracking. 

The martensitic transition layer between a 14% Mn 
deposit and mild steel also was observed by Portevin and 
S^f^ian.** No martensite was found in the 23% Ni 
weld. 

Pickup .—In line with the above consideration the 
problem of pickup of carbon by the austenitic weld from 
the base metal and the converse problem of dilution of 
alloying elements in welds by the base metal has been 
studied by Thomas and Ostrom” by means of chemical 
analysis. Successive layers of 19-9 Cr-Ni weld were 
dei)')sited on mild steel and analyzed for chromium to 
account for dilution. Similarly, a 2.5-20 Cr-Ni weld was’ 
made in layers on a C-Mo steel {)late and analyzed for 
C—to account for pickup. 

When ]>lottcd on a scmilogaritlimic graph, Fig. 1, the 
results fall on a straight line. Thus, the influence of the 


base metal decreases in a geometric progression as tl 
distance from the base metal increases in an aritlunet 
progression. The most interesting feature of this di 
gram is its extension below the surface of the base met 
(negative values of height). Unfortunately, there is i 
dear indication whether this ejctension is due to a diffi 
sion process to and from the base metal, or to the depi 
of the first layer. 

Wdding Low-Alloy Steels 

{a) Cr Steel, Pickup. —Haardt** deposited bare ai 
covered low-carbon electrodes in one or two layers oo 



Fig. T Semilogarithmic Graph Showing th« Compc«;h:« 
Variation in Weld Pads as a L^ear Function oj Height Abcr* 
the Base Metal. Thomas and Ostrom*’ 
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Tabla 4—AnalysU of Base Metal and Deposited Weld. 

Wyche'x 


s 


C 

Mn 

Si 

Cr 

Ni 

Mo 

Ti 

Cb 

Base metal 

0.05 

0.36 . 

0.39 

4.84 

0.16 

0.55 * 

0.24 

0.0 

4-6 Cr-Mo-Cb weld 

0.07 

0.34 

0.29 

5.34 

0.28 

0.55 

0.02 

0.21 

4-6 Cr-Mo weld 

0.06 

0.44 

0.33 

4.74 

0.24 

0.65 


0.0 

18-8 Ti weld 

0.10 

0.27 

0.53 

16.73 

9.39 


o.ois 

0.0 

18-8 Cb weld 

0.05 

0.42 

0.41 

16.49 

9.43 



0.35 


steel containing 0.1 C, 0.4 Mn, 0.2Si, 3.5 Cr, but was un¬ 
able to determine the pickup because of porosity and slag 
inclusions. Apparency, there was little diffusion. 

(6) Mn Steel. —Haardt** studied the diffusion of Mn 
from a plate of 0.1 C, 0.2 Si, 3.5 Mn into a weld bead de¬ 
posited with bare and covered electrodes (Mn content 
0.4% in both cases) without being able to secure re¬ 
liable results. Little pickup was observed by Hall’’* in 
deposits Vi thick made of bare wire on a plate contain¬ 
ing 12-14% Mn. 

(c) Mo Steel. —Coombs” determined the pickup of Mo 
in an unalloyed deposit (0.13 to 0.18 C) on Vi-in. plate 
containing 0.15 C, 0.78 Mn, 0.17 Si, 0.48 Mo by means 
of a spectrograph. There was a gradual decrease of Mo 
content in the deposit as one progressed from the first to 
the top (fourth) layer (from 0.28 Mo to 0.10 Mo). 
There was no evidence of diffusion though. In contrast 
with Coombs’s results, Blasko, Smart and Decker’’® 
found that there was no Mo in ^e weld metal in multi¬ 
layer butt welds in C-Mo piping made with unalloyed 
covered electrodes. 

(d) Si Steel. —The pickup of Si by metal deposited in 
one or two beads wi^ low-carbon unalloyed electrodes 
on a plate containing 0.1 C, 0.4 Mn, 3.85 Si was 1.0, 0.7 
and 0.5% Si with bare electrode at 175,155 and 110 amp., 
respectively, according to Haardt.” In two layers, the 
bare electrode deposit picked up 0.2% Si at 155 amp. 
while with a covered electrode a single bead picked up 
0.5% Si. Columnar diffusion crystals were oteerved at 
the junction of deposit with base metal. 

(e) Ni Steel. —The pickup of Ni by a weld metal which 
has no Ni, has been analyzed previously in detail.” The 


results may be summarized by saying that according to 
the available information welds ms^e with unalloyed 
electrodes may contain about 1% Ni with bare wire and 
2% Ni with covered electrodes when welding a 3Vi% Ni 
steel. 

(/) 4-6% Cr-Mo Steels. —The welding of these steels 
with a 10-9 or 25-20 Cr-Ni electrode produces a brittle 
heat-affected area, if no preheat or postheat is applied. 
The weld itself, however, is considerably softer according 
to Thomas,” and withstands bending up to 180° without 
cracking, Fig. 2. The tensile strength compares favor¬ 
ably with that of the base metal. The welding of these 
steels with a 25-20 Cr-Ni electrode is recommended, 
wherever preheating or annealing is impracticable. As 
an illustration, the successful behavior of such a weld is 
reported in an oil refining piping after 8 mo. of service, 
whereas other welds failed within 3 or 4 mo. Brooks” 
(private communication. Cramp Shipbuilding Co., 
Philadelphia, Pa.) recommends the use of 25-20 Cr-Ni 
rather than 18-8 Cr-Ni because of dilution and short¬ 
coming due to cracks. However, 6% Cr-Mo steel */a in. 
thick butt welded with 18-8 Cr-Ni electrode failed to 
crack in the so-called crack test according to Rollason and 
Cottrell*^ and Rollason.’* Obviously the degree of dilu¬ 
tion and per cent of retained austenite are of importance. 
Also Tildiodev and Soloveva” state that 25-12 Cr-Ni 
electrodes or 25-20 Cr-Ni electrodes are best for welding 
steel containing 0.15 C, 6.6 Cr, 1.5-1.7 Si andO.3-0.5 Mo. 
The tempering at 1400-1500° F. eliminates the peaks of 
hardness in the heat-affected area, without affecting the 
tensile strength of the weld (about 100,000 psi.) and 
gives bend angles of 180° (no details). 

The same conclusion was reached 
recently by Wyche.^” The base 
metal, a nonhardenable 4 to 6% 
Mo-Ti steel, was welded with differ¬ 
ent types of electrodes. The analy¬ 
sis of base metal and deposited weld 
is shown in Table 4. From the re¬ 
sults of hardness determination it 
was concluded that best results 
were obtained with 18-8 Cr-Ni Cb 
electrode, but 25-20 Cr-Ni electrode 
might be desirable, if the increase of 
hardness in weld metal due to dilu¬ 
tion was to be kept at a minimum. 
According to A. B. Kinzel (private 
communication, June 1944), suc¬ 
cessful welding with higher carbon 
content can ^ made if the, steel 
contains Ti. 

(g) Stainless Chromium Steels .— 
The nominal composition of these 
steels is 12 to 18% Cr and 0.2% C, 
but Cr contents above 18% are de¬ 
sirable if the steel is to remain 
ferritic.” Unless preheat is used, 
the heat-affected area becomes 
brittle. Welding with Cr-Ni elec¬ 
trodes 18-8, 25-20 or 25-12 is recom¬ 
mended by Brady,’* but the work 
must not be allowed to become too 
warm. 
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Di««ncc between rc«dtn(i cnierscd 5X ■ 

Fig. 3—Hardness Tests of High-AUoy Stainless Steels. Emerson** 


J17% Cr - 0.08% C and 27% Cr - 0.13% C steels can 
be successfully welded with Cr-Ni electrodes, 18-8 or 
25-12, according to Emerson,** see Tables 5 and 6 and 
Fig. 3. Nevertheless he does not recommend this type 
of welding under conditions of alternative heating and 
cooling, as failures may result from the difference of the 
therm^ expansion and contraction of the two materials. 

Welding Austenitic Mn Steel 

Mild steel inserts were recommended by a railway 
periodical** to fill deep holes when surfacing frogs made of 
14% Mn. This practice has been condemned by Winton 
(private communication, June 1938) who has observed 
failures in the vicinity of the inserts. On the other hand, 
18-8 Cr-Ni steel electrode has been used often success¬ 
fully to weld 14% Mn steel.® 

Corrosion of Dissimilar Weld and Base Metal 

This question was fully reported in the review on 
Corrosion Resistance of Welded Joints.** The conclu¬ 
sion was that even large differences in composition be¬ 
tween base and weld metal might not lead to adverse 
local effects. The most striking example was offered by 
the behavior of a non-aging mild steel welded with high 
Ni-Cr electrode. Despite the presence of a nobler weld 
metal, the base metal corroded uniformly when im¬ 
mersed in sea water, and the rate of corrosion was the 
same as for the unwdded base metal. 

Surfacing by Means of Dissimilar Metals 

The coating of surfaces by means of an appropriate 
weld deposit has known a tremendous development dur¬ 
ing recent years. The purpose of coating is to provide 
an increased protection against either corrosion and/or 
wear and abrasion. Both arc and gas welding are used, 
although in many cases gas torch is preferable owing to 
its ability to control better the rate of heating and cooling. 


According to Crawford and Carr** as early as 1929 
seat rings of both gate and globe valves were welded into 
valve bodies in order to eliminate leakage due to poor 
thread fit, caused by difference in coe£5cient of expansion 
of body and seat material. The seat was of carbon low 


Table 5—Tansila Taata. Emaraon** 





Ultimate 

No. 

Parent Metal 

Blectfode 

Str^lth, 

1 

'/«-in. low carbon 

25-13 

45.200 


*/t-in. low carbon 

25-12 

45.000 

2 

>/«-in. low carbon 

18-8 

45.000 


>/4 in. low carbon 

18-8 

46.000 

3 

i/4-in. 25-12 

Low carbon 

85.200 


V4-in. 25-12 

Low carbon 

46.000 

4 

Vein. 27% Cr 

25-12 

75.550 


‘A-in. 27% Cr 

25-12 

75.400 

5 

Vi-in. 27% Cr 

18-8 

76.100 


•A-in. 27% Cr 

18-8 

75.600 

6 

‘A-in. 17% Cr 

25-12 

80,550 


Vein. 17% Cr 

25-12 

80,550 

7 

‘A-in. 17% Cr 

18-8 

77,800 


•A in. 17% Cr 

18-8 

No test 

8 

•A-in. 12% Cr 

18-8 C.B. 

62,300 


‘A-in. 12% Cr 

18-8 C B. 

63,450 

9 

>A-in. 12% Cr 

4-d% Cr 

62,200 


>A-in. 12% Cr 

4-fl% Cr 

54,600 

10 

•A-in. 18-8 

27% Cr 

87,300 


‘A-in. 18-8 

27% Cr 

85.000 

11 

Vein. 18-8 

17% Cr 

67.200 


•A-in. 18-8 

17% Cr 

67.800 

12 

‘A-in. 25-12 

27% Cr 

92.800 


>A-in. 25-12 

27% Cr 

93.000 

13 

•A-ln- 25-12 

17% Cr 

88.700 


‘A-in. 25-12 

17% Cr 

82.800 


Remftrka 

Fractured in parent netal 
Fractured in parent metal 
Fractured in parent metal 
Fractured in parent metal 
Very coarM cryatalline frac¬ 
ture directly through cen* 
ter of weld 

Very coane crystalline frac* 
ture directly through cen¬ 
ter of weld 

Fractured in parent metal 
Fractured in parent metal 
Fractured in parent metal 
Fractured in parent metal 
Fractured in parent metal 
Fractured in parent 
Fractured through edge of 
top bead and along line 
of fusion 

Fractured in parent metal 
Fractured in parent 
Fractured in parent metal 
Fractured in parent metal 
Fractured in parent metal 
Fractured through center of 
weld; extremely crystal¬ 
line throughout 
Fracture through top edge 
of weld and ntaion line 
Fracture occurred 6rst ia 
weld followed by a shear 
failure along fusion line 
Fractured in parent metal 
Fractured in parent metal 
Fractured through weld 
The top bead (on face 
weld) appeared very brit¬ 
tle while root of weld ap¬ 
peared very ductile. Top 
bead showed wy crys - 
talline fracture 
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T«bl« 9—'FrM«B«nd TMte. Em«rscm** 


% Bloag»« 
tioa la 


Nq. 

1 

Parent MeUl 
Low carbon 

Electrode 

26-18 

Welded 

Pace 

16.0 


Low carbon 

26-12 

18.0 

2 

Low carbon 

18-8 

6.5 


Low carbon 

18-8 

0.6 

8 

26-12 

Low carbon 

0.0 



26-12 

Low carbon 

0.0 

4 

27% Cr 

26-12 

18.6 


27% Cr 

26-12 

10.0 

5 

27% Cr 

18-8 

17.0 


27% Cr 

18-8 

16.0 

6 

17% Cr 

26-12 

14.6 


17% Cr 

26-12 

16.6 

7 

17% Cr 

18-8 

20.6 


17% Cr 

18-8 

17.0 

8 

12% Cr 

18-8 C.B. 

10.6 


12% Cr 

18-8 C.B. 

10.6 

0 

12% Cr 

4-6% Cr 

14.0 


12% Cr 

4-6% Cr 

16.0 

10 

18-8 

27% Cr 

6.5 


18-6 

27% Cr 

6.6 

11 

18-8 

17% Cr 

8.0 


18-8 

17% Cr 

6.6 

12 

26-12 

27% Cr 

16.5 


26-12 

27% Cr 

IS.O 

13 

26-12 

17% Cr 

2 6 


26-12 

17% Cr 

6 6 


Reoutrkf 

180* beod. diCBcuU to gtt uai- 
form bendinc (ooC maxi* 
mum elonntioB of weld) 
180* bend, difficult to set unU 
form bcodins 

180*J>eBd. DoB-uniform bead* 
ins throusb nod adjacent 
to weld 

180* bend. non*uniform bend- 
las throusb and adjoccot to 
weld 

A beiwl of 60* was obtained, 
followed by failure tbroush 
weld. The 60* bend took 
place In parent metal ad¬ 
jacent to weld 

A bend of 25* was obtained, 
followed by failure throusb 
weld. The 26* bc^ took 
place in parent metal ad¬ 
jacent to weld 

180 * bend, appearance sood. 
appearance of bend typi- 
calW austenitic 
180 * bead, appearance sood, 
appearance of bend typi¬ 
cally austenitic 
180* bend, appearance end 
ductility sood 

180* bend, appearance and 
ductility SOM 

Weld satisfactory but cracked 
in heat-affected tone 
Weld satisfactory but cracked 
in heat-affected tone 
Weld satisfactory but crocked 
in hcat-effectM tone. Need 
for annealins 17% Cr plate 
after weldins 

Weld satisfactory but cracked 
in beat-affect^ tone. Need 
for annealins 17% Cr plate 
after weldins 

180* bend, mppeoraace satis¬ 
factory 

180* bend, appearance satis¬ 
factory 

180* bend, appearance satis¬ 
factory. duality appears 
O.K. 

180* bend. appCMnce satis¬ 
factory, ductility appears 
O.K 

180* bend 
180* bend 
180 * bend 
180* bend 

180* bend, appearance satis¬ 
factory 

180* bend, appearance satis¬ 
factory 

PracturM throusb weld face; 
face of weld brittle but root 
of weld ductile 
Fractured throusb weld face; 
face of weld brittle but root 
of weld ductile 


alloy, 18-8, 2&-12 Ni-Cr, or straight 13% Cr steel. The 
bearing su^ace was hardened by arc surfacing with Cr, 
Bo or W, but alloys called Co-Cr-Tin No. 1, or Ni-Cr 
Boron No. 6, also were employed. 

Numerous examples of redaiming worn artides by 
hard facing are given by F. G. Jones^” (turbine type 
pumps, automobile fender dies, hammer mill hammers, 
etc.). 

The more widely used materials for valves are given in 
Table 7. The material is forged or cast.^’' 

The problem of hard surfadng must be thoroughly 
studied. Extensive use of cobalt-chromium-W com¬ 
menced about 1930. Seating material must withstand 
erosion at high temperature due to high vdocity of pass¬ 
ing fluid or foreign partides that may be entrained. The 
resistance to erosion is not equivalent to hardness. For 
example, sintered W carbide bounded with Ni is eroded 
by stream jets in spite of hardness. The seating ma¬ 
terial must possess high polishing quality for tightness. 
The difference in properties of the base metal and the 
most widdy used aJloy for surfadng, 55% Co, 27 to 33% 
Cr, 3 to 6% W, is shown in Table 8. The shift of frac¬ 
ture from wdd to base metal at higher temperature is 
characteristic. 


Two main problems in surfacing are: (1) surface 
hardness and (2) thermal expansion characteristics. 

1. The effidency of building a hard surface depends 
on how much alloying there is between base metd and 
hard surface layer. With gas torch there is likdy to be 
less alloying and more uniform hardness than with arc 
wdd. 

2. Thermal expansion characteristics. While the 
thermal expansion of Cr-Co-W alloy is not very much 
different from that of low-alloy steel, it docs not undergo 
allotropic change as does low-alloy sted upon quenching. 
Such a change will set up tension upon cooling in the 
brittle surface layer, hence cracking. An austenitic 
alloy sted is free of this defect, but has different thermal 
expansion coeffident; therefore residual stresses are 
bi^t up and down in service with rise and fall of tempera¬ 
ture, and a fatigue failing may devdop. The remedy is 
to use low-alloy sted with preheating so that it would not 
quench on being wdded. 

A similar problem has been studied by Seabloom^* in 
connection with valves used for high-fnessure and high- 
temperature piping (1500 psi. at 9^” F.) and subject 
to erosion, corrosion and abrasion. 

Hie most suitable metal for wear is a chromium- 
cobalt-tungsten alloy and it is deposited on the seats by 
means of a torch. Carbon-Mo steel or 4-6% Cr 
^/t Mo alloy cast steel is used as base metal and the 
surfacing made on a preheated base metal. The flame 
brings the area to a sweating temperature; the alloying 
rod is allowed to mdt and spread over the sweating sur¬ 
face. Two layers are superimposed to obtain the de¬ 
sired thickness of Vn to */« i°- spite of the strong 
bond which devdops between deposit and base metal, 
the demarcation line is sharp and practically no inter¬ 
mixture takes place. The rate of cooling is very impor¬ 
tant, as allotropic expansion of the base metal is likely to 
crack the surface layer. More than 50,000 parts have 
been made that way in 8 mo. The size of valve seats 
varied from V 4 to 18 in. diameter. 

The use of hard alloys appropriated to the base metal 
and a suitable technique of wdding is emphasized by 
Gallaher”® (no details). Another important application 
of “heterogeneous" surfacing is hard facing of fishtail 
bits and blades for the oil industry. This is pointed out 
by Greger** and treated in detail by Shapiro." Worn 
out as well as new bits now are being treated in this way 
and in both cases the cost represents less than 20% of 
the price of the new tool, according to Greger.*^ 

When worn-out tips are to be redaimed, edge of the 
tool is first trimmed with a cutting torch and conditioned 
for a weld deposit." The blade is then brought to a dull 
red heat, approximately 1300° F., by means of an 
acetylene torch in order to prevent heat checks. A 
copper template is then fastened to the trimmed edge 
and inserts of a hard alloy, mostly cast tungsten carbides, 
positioned on the template. The edge of the blade is 
built out to its original shape using 0.36 to 0.45% C rod 
which is most suitable for approximating the physical 
characteristics of base metd. Before welding the inserts 
to the rebuilt edge, they are first lightly covered with 
weld deposit, which is then applied until the top and 
bottom faces of the blade reach the original level. 

New fishtail bits and blades are surface hardened by a 
similar procedure. The blade is properly preheated to a 
dull red, and the spot desired for setting the insert is 
heated by an oxyacetylene torch until it melts. With¬ 
out letting the spot cool, the insert is then heated and 
submerged to the desired depth into the molten pool of 
metal. After all inserts have been thus placed, the 
torch is removed and the pool is allowed to solidify. 
Following this, the reamed edge is faced with crushed 
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Table 7—The More Widely Used Valve Materials, dones^*^ 


Material 

A. S. T. M. 
Specification 

C 

Mn 

Analysis (Maximum Unless Range Given) 

PS Si Cr Ni 

Mo 

Carbon 

Steel 

Carbon 

Molybdenum 

Steel 

Chromium 

A 2W-39T 
A 105-36 

A 217-39T 
A 182-39 

WCB- 

WCl 

FI 

0.35 

0.35 

0.30 

0.35 

0.70 

0.40-0.80 

0.70 

0.30-0.80 

0.05 

0.06 

0.05 

0.04 

0.06 0.50 

0.05 

0.06 0.50 

0.06 0.20-0.60 



0.40-0.60 

0.40-0.60 

Nickel 

A 217-39T WC4 

0.^0-0.30 

0.40-0.70 

0.05 

0.06 0.25-0.66 

0.40-0.70 

0.75-1,06 

0 30-0 45 

Molybdenum 

5% 

Chromium 

A 182-39 

F4 

0.35-0.45 

0.50-0.80 

0.04 

0.05 

0.60-0.80 

1.50-2.00 

0.30-0.40 

A 157-39 

C5 

0.16-0.35 

1.00 

0.06 

0.06 0.20-1.60 

4.00-6.60 


0.40-0 65 

Steel 

13% 

Chromium 

A 182-^9 

F5 

0.l‘5-0.25 

0.30-0 50 

0.03 

0.03 0.50 

4.0-6.0 


0.46-0.66 

A 157-39 

C6 

0.15 

0.76 

0.05 

0.05 1.00 

11.5-13.5 

0.80 

0.50 

Steel 

A 182-39 

F6 

0.12 

0.50 

0.03 

0.03 0.50 

11.5-13.5 

18-8 Cr-Ni Steel 

A 157-39 

A 182-39 

C9 

F8 

0.15 

0.07 

1.00 

0.60 

0.05 

0.03 

0.05 2.00 

0.03 0.20-0 40 

18.00 Min. 
17 0-20.0 

8.00 Min. 
7.00-10.00 




Phyaical Propartiaa Minimum 




Material 

A. S. T. M. 

Tensile 

Yield 




Specification 

Strength 

Point 

Elongation 

of Area 

Uae 

Carbon Steel 

A 216-39T WCB 

A 105-36 

70,000 

70,000 

36,000 

36,000 

22.0 

22.0 

35.0 

30.0 

Bodies 

Carbon Molybdenum 

A 217-39T WCl 

70,000 

45,000 

22.0 

35.0 

Bodies 

Steel 

A 182-39 FI 

70,000 

45,000 

25.0 

35.0 

Chromium Nickel 

A 217-39T WC4 

80,000 

65,000 

20.0 

35.0 

Bodies 

Molybdenum 

A 182-39 F4 

90,000 

70,000 

18.0 

60.0 

6% Chromium Steel 

A 157-39 C5 

A 182-39 P5 

100,000 

90,000 

65,000 

65,000 

18.0 

22.0 

30.0 

60.0 

Bodies 

13% Chromium Steel 

A 157-39 C6 

85,000 

55,000 

20.0 

40.0 


18-8 Cr-Ni Steel 

A 182-39 F6 

85,000 

55,000 

25.0 

60.0 

Parts 

A 157-39 C9 

70,000 

30,000 

35.0 

40.0 



A 182-39 F8 

75,000 

30,000 

46.0 

60.0 

Parts 


carbides. Most of the surfacing is done by a flame 
torch, but some operators also resort to arc welding. 

Although high-speed tips are mostly brazed to tools 
(see reference 81), yet Samoyloff and Lebediev^* advocate 
surfacing by means of an appropriate weld deposit (no 
details) on ^e basis that the latter stands a better service 
than brazing, when properly treated. The treatment 
consists of five steps: 

1. The tool with the high-speed steel deposit is 

heated to 1100° C. (2012° F.) and the tip ham¬ 
mered to destroy the network of Ledeburite. 

2. Slow cooling. The hardness at this stage comes 

out to be 54 R,. In case of milling cutters the 
cooling must be finished by an isothermal 
annealing (no details) to bring the hardness 
down to 35-48 R«, at which condition the de¬ 
posit can be machined to the desired shape. 

3. The third step consists of heating which is done 

slowly up to 850° C. (1560° F.) and more rapidly 
up to 1300° C. (2370° F.), before final quench¬ 
ing. 

4. Quenching in oU at 200-250° C. (390-482° F.), or 

in lead at 400-500° C. (750-930° F.) for a more 
complicated shape, with hardness raising up to 
44 R.. 

5. Aging at 560° C. (1040° F.) whereupon the hard¬ 

ness reaches 61-^3 R„ and the structure of the 
deposit becomes that of medium-sized marten¬ 
sitic needles and network of carbides. 

A rather unusual process of making composites of dis¬ 
similar metals is described by Kinkead.“ The process 
is, in fact, a true metallurgical operation by means of 
which the surface of metals is clad with a protecting 
layer of desired composition. Unlike the usual surfacing, 
no rod is employed. Instead the surface is covered with 
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Tabltt 8—Physical Tssts of Cobalt, Chromium, Tungsten 
Alloy D^wsits. Jonos*^^ 

Coated Bars, 




Vii-Inch 
l^iyer on 


Type of 

Solid Bars 

Forg^ V*% 

Forged Vi% Mo 

Deposited 

Molybdenum 

Steel Bars Joined 

Test Bar 

by Torch 

Steel 

by Deposit 

Tensile 

70* F. 

87,500 psi 

81,000 psi 

76,600 psi 

1000* F. 

80,500 psi 

74,500 psi 

Fracture at junctioD 
56,000 psi 

Fracture in'steel 

Fatigue Limit 

70* F. 

1000“ F. 

35,000 psi 


5,000 to 40,000 psi 
Ftecture in deposit 
5,000 to 35,000 psi 
Fracture in steel 


a ferroalloy in powder form and a molten pool is formed 
and maintained by means of carbon arc (800 to 3000 
amp.). An admixture of slag protects the pool and pre¬ 
vents it from running over. The process is applied to 
slabs or ingots which are maintained at about 800° C. 
by keeping them in the furnace. For the purpose of 
surfacing the top of the furnace is removed. The sm- 
face-clad slab may then be rolled down to thinner sheets. 
The advantage of this operation is the low cost of raw 
materials and the fact that it is applied at the early stage 
of sheet manufacturing. The maintenance of a molten 
pool assures, according to the author, freedom from de¬ 
fects and hence 100% cohesion between the layer and 
base metal. An estimate is made to show that the cost 
of making an alloy on the surface of a slab is approxi¬ 
mately 15 cents per pound for 18-8 Cr-Ni alloy (as pet 
1939). 
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Dissimilar Ferrous Base Metals 

High-Carbon Steel to Mild Steel 

Spot Welding. —Hudson* attached a sheet of steel 
0.031 in. thick 15 X 16 in. containing 0.80 C, 0.29 Mn, 
0.17 Si, to a bar of low-carbon steel (0.2 C, 0.49 Mn, 
0.08 Si) Vs X V» X 12 in. by means of pins inserted in 
holes drilled in the bar. The pins contained 0.06 C, 
0.08 Mn, 0.04 Si and had small projections at the ends. 
When properly spot welded (600 amp., 1.6 v., 11,500 
psi. pressme on each pin—3 sec.) each pin weld with¬ 
stood 342-368 lb. in direct tension. Fur^ermore, there 
was no evidence of burning or formation of martensite. 

Flash Welding. —Successful welding of steel to steel of 
any carbon content may be accomplished by means of 
flash welding.* 

Carbon Steel to Low-Alloy Steel 

There seems to be no reason for joining carbon steel to 
low-alloy steel, at least no reference could be found in the 
literature. On the other hand, there scarcely can be ex¬ 
pected any difficulty in performing such a joint, should 
there be any need for it, according to the available in¬ 
formation.* 

Carbon Steel to High-Alloy Steel 

To Chromium or Cr-Mo Steel. —This combination is 
frequently used for maximum economy. The chromium 
steel under consideration is usually a corrosion-resistant 
steel used either against chemical corrosion or against 
high-temperature oxidation. When joining carbon or 
low-alloy steel to a high-Cr steel (3-30% Cr, Mo up to 
5%) the choice lies between a variety of electrodes from a 
low-carbon to a 25-20 Cr-Ni electrode.* As explained in 
the section on Dissimilar Base and Weld Metal, the 
latter type of electrode is resorted to if no annealing is 
contemplated after welding.. The use of any other 
electrode makes annealing of the completed weld manda¬ 
te^. This consists of heating slightly above the critical 
point and cooling at a rate smaller than 25° F. per hour, 
at least until the temperature has been brought below 
1350° F. 

The dilution caused by a base metal of ordinary 
carbon steel deserves s{>ecial attention if the joint 
is made with a high Cr-iron electrode. Due to dilution 
and increase in carbon content the first layer of the de¬ 
posit, as a rule, is martensitic. Furthermore, the migra¬ 
tion of carbon produces a band rich in carbon close to 
the fusion zone followed by a band of large ferritic grains 
in the heat-affected area of carbon steel. This naturally 
increases the brittleness. Time and temperature of 
annealing are important factors in this respect.® 

On the other hand, resistance welding seems to offer no 
major difficulty.* Hougardy* reports results of tests 
made on bars of Cr-Mo corrosion-resistant steel of 
115,000 to 127,000 psi. 1.17 in. in diameter joined by 
means of resistance welding to a carbon steel of 100,000 
to 114,000 psi. (composition not stated in either case). 
The welded piece was forged to a flat bar 1 X V 4 in- 
cross section and twisted. The joint remained intact. 
A tensile specimen machined of a similar bar broke out¬ 
side the joint. 

Carbon Steel to 12-14% Mn Steel 

Judging from the information gathered up to 1938,® 
it should be possible to weld 12-14% Mn steel to a mild 
steel by means of 18-8 or higher Cr-Ni electrode. A 
more detailed and, as a matter of fact, the only positive 
information on this subject has been found in the Weld¬ 
ing Handbook 1942.* It reads as follows: “When 
manganese steel is to be welded to carbon or low-alloy 


steels, the strength of the job depends greatly upon the 
nature of the steel to which the manganese steel is to be 
attached. Nickel-manganese steel weld metal will ad¬ 
here well to soft and medium soft steels, especially when 
a suitably coated electrode is employed. In this way a 
wearing face of weld metal can be laid down on a carbon 
steel part, or a special piece of manganese steel to resist 
wear can be attached by seam welding. If the manga¬ 
nese steel part be set in a recess, the production of a strong 
job is very easy, and, even when no such precaution is 
taken, a rdiable weld can be counted on. On hard steels 
such as are more commonly used for steam railroad rails, 
however, the strength of the bond between the nickel- 
manganese steel weld deposit and the hard steel is low. 
Such welds can seldom counted upon to stand up in 
service. In these cases the use of special materials for 
the first layer of weld metal on the hard steel is resorted 
to. In a patent upon this method of welding granted to 
Welch,® the use of a low-carbon, 5% nickel steel electrode 
is recommended. It has been found that a compara¬ 
tively strong weld between manganese steel and hard 
rail steel can be secured by this method. The 5% 
nickel steel is first laid against the hard steel, and the 
space remaining between riiis first layer and the manga¬ 
nese steel part is then filled in with ni(kel-manganese steel 
electrodes.” 

Carbon Steel to 18-8 and Higher Cr-Ni Steels 

There is a great deal of information reviewed pre¬ 
viously* on successful*cre welding of 18-8 Cr-Ni to plain 
carbon steelbymeansof 18-8Cr-Nielectrode. Although 
an adequate tensile strength could be obtained, the duc¬ 
tility was believed to be low. Another point mentioned 
in this review was the necessity of compensating unequal 
coefficients of expansion of both metals. Finally, when 
welding 18-8 steel to galvanized sheets the galvanizing 
must be removed to prevent zinc fumes. Otherwise 
cracks are likely to develop in the weld. 

Because of intermixture, the weld between carbon 
steel and stainless 18-8 Cr-Ni steel is likely to air harden 
and become brittle (martensitic).^* This shortcoming may 
be corrected by using a welding rod which is sufficiently 
high in alloy content so that the weld will remain austen¬ 
itic despite the dilution caused by the mild steel base 
metal.** 

The most widely used material is either Type 309 
(25Cr - 12Ni) or Type 310 (25Cr - 20Ni).** 

While this statement is made in most of the refer- 
ences*» **» ** on this subject, Fedotav** claims to have 
developed an adequate coating which when applied to a 
low-carbon rod, makes not only a d.-c. welding easy, 
but in addition produces a weld metal which is sound and 
of good physical properties. The composition of the 
coating is as follows; 

CaFr-25% 

CaC0^5% 

Ferrotitaniiun—20% (23% Ti) 

Ferrosiliconium—5% (75% Si) 

Ferromanganese—5% (1% C and 80% Mn) 

With an addition of 5% potassium hydroxide a.-c. 
welding is also possible. 

Tensile tests of butt welds between stainless and mild 
steel base metal by means of this electrode gave fracture 
in the mild steel base metal. An angle of bend (no 
details) of 180° also was obtained. As for the mechani¬ 
cal characteristics of the pure deposit, they were as 
follows: 

Tensile strength—79 to 85,000 psi. 

Elongation—20% 

Impact resistance, Mesnager Spec.—12-15 kgm./cm.* 


1945 


WELDING OF DISSIMILAR META1£ 


Digitized by 


Google 


75-8 




Figs. 4-7—Shear and U-Tensile Tests on Spot-Welded Sheets of Cor-Ten and Stainless Steel. Unger, Matis 

and ^ocke^^ 


Lacking information on the characteristics of the actual these unlike metals the tendency for cracking is appre- 
weld, the above results cannot be taken as a sufficient ciably increased because of the unequal rate of contrac- 
proof of the ductility of the welded joint. tion. Hence, provision must be made for more free con- 

Oxyacetylene welding of stainless to mild steel is con- traction, 
sidered as successful as arc welding. In the earlier re- The general operational procedure followed in that 
view of literature on this subject* there is, however, a matter may be described as follows: "(1) In butt joints 
difference in opinion as to the nature of the rod to be advantage is taken of the smaller contraction of similar 
employed: whether mild steel or 18-8 Cr-Ni rod. More metals by coating the mild steel with as thick a deposit 


recently the opinion seems to prevail in favor of the high 
Cr-Ni rods, 25-12 or 25-20, for the reason given pre¬ 
viously in connection with arc welding.^^ 

The same reason remains valid in spot welding accord¬ 
ing to Unger, Matis and Knocke.^* By spot welding 
11-gage (0.125 in.) sheet of Cor-Ten steel to a 14-gage 
(0.0766 in.) sheet of 18-8 Cr-Ni steel a brittle martensitic 
^loy with cracks was obtained, when the heat was applied 
to such an extent as to actually form a molten slug consist¬ 
ing of a mixture of the two metals. However, when ac¬ 
tual melting was prevented by means of pulsating heating 
a satisfactory bond was developed. This was shown 
by means of shear and U-tensile specimens, Figs. 4 and 
5, tested to destruction. While no appreciable differ¬ 
ence is noted in the shearing test, Fig. 6, the U-tensile 
specimens made without melting show better resistance. 
The ratio of the latter to the former resistance, termed 
as ductility index, is shown in Fig. 7. 

The nature of bond produced in spot welding without 
melting is shown in Fig. 8. There is no sign of overheat¬ 
ing on either side of the joint. 

A practical application of welding dissimilar metals 
consisting of a mild steel and a nonmagnetic steel (no 
details) was developed by the British Thomson-Houston 
Co. Ltd. in switch gear manufacture." WTien welding 



Fig. 8—100 X • Nital Etch Plus Electndytic Etch in CHranic 
Acid. (Top) Cor-Ten. (Bottom) Stainless. Unger, Metis and 
Knocke** 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


FEBRUART 




range close to in., then they are butt welded as shown 
in Fig. 14. The whole composite die is then quenched 
at 1450*^ F. in water; this treatment raises the hardness 
of the rim up to some 62 R«, while leaving the shoe in a 
machinable state for drilling holes, mounting operation, 
etc. The author summarizes as follows the advantages 
of fabricating composite punches and dies: 

1. Fabricated composites save from 30 to 60% in 

the net cost of fabrication. 

2. The consumer pays for less material as he does 

not buy holes or excess material because of odd 
shapes. 

3. Highest quality punches and dies are obtained 

at lowest cost. 

4. Practically anything required in shape or size can 

be secured. 

5. Shipments of fabricated composites usually are 

made from the factory the second day after 
receipt of order. Sm^-sized fabricated com¬ 
posites are shipped the next day after order is 
received. 

6. A minimum of ma chinin g hoUTS is required tO 

fi nish composite punches and dies, because of 
their closely cut shape. 

7. The element of risk is eliminated in the hardening 

process, as it is practically impossible to crack 
composites. 

8 . Distortion can be corrected without expensive 

grinding. 

9. (Composite die cutting edges are harder, because 

of the use of high-grade water-h^dening tool 
steel. 

10. Any thickness of material that can be blanked 

with solid tool steel dies can be blanked with 
composite dies also. 

11. Fabricated composites can be altered as required 

without rehardening. 

12. Fabricated composites can be salvaged at lower 

cost. 


of nonmagnetic steel as possible before joining the mild 
steel and nonmagnetic steel components. {2) As far 
as possible unlike metal welds are made with one com¬ 
ponent free to move. (3) Where contraction is allowed 
for by a gap, the gap closure is divided into sections.” 

The application of these principles is shown in the follow¬ 
ing sketches. 

Figure 9 shows a pressed steel dome of circuit breaker 
top plate, */n to V* bi. thick. TTie nonmagnetic insert 
A has the purpose of breaking the magnetic circuit thus 
avoiding losses due to eddy currents. 

For heavier sections, Figs. 10 and 11, the third prin¬ 
ciple is employed. The nonmagnetic inserts B and C 
are welded first, then A and D are butt welded with mild 
steel; or, Figs. 12 and 13, a composite insert is formed, 
the rnild steel side being welded last. 

Carbon Sted to Tool Steds 

(a) To C'V Sted .—This is by far the widest applica¬ 
tion of welding as far as dissimilar metals are concerned. 

It permits the combination of two conflicting character¬ 
istics such as ductility and toughness provided by mild 
steel and high hardness exhibited by a tool steel. The 
support or shank of the tool has to withstand high strain 
and it is made of low-carbon or low-alloy steel, the tip or 
rim is of a hard tool steel. Janiszewski^® gives a typical 
example of this principle in fabrication of composite dies, 
of the type represented by Fig. 14. This example is es¬ 
pecially interesting as it typifies the advantage of both 
flame cutting and welding. First, the parts of machine 
steel and tool steel (no composition given, but the latter 
a C-V steel) are flame cut with an oxygraph within a 
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Hgi. 9-13—Welding Diaiiinilax Consisting of a Mild 

Steel (M.S.) and a Nonmametic Steel (N-M Steel) in Switch 
Gear Manufacture** 
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plain carbon steel is given in a paper by Merz and 
Eschelbach^® who found that if the alloy steel is welded 
to a plain carbon steel (no details), the steel may harden, 
but the plain carbon steel may consist of sorbite or 
pearlite in the heat-affected area. 

(c) To W-High-Speed Steel .—This has been a vast 
field of application for welding dissimilar metals. The 
literature on this subject as per July 1937 was fully re¬ 
viewed in November 1939'* in connection with welding 
of W steel and need not be repeated here. Also in¬ 
formation about different methods of welding will be 
found in the previous review.'® Resistance welding, arc 
welding, oxyacetylene welding, atomic hydrogen, flash 
welding and other methods were mentioned. The chief 
application consisted of welding high-speed steel tips to 
plain carbon or alloy steel shanks in the preparation of 
lathe and other tools The same application has pre¬ 
vailed since then, but of these methods the brazing seems 
to be used nowadays more extensively than any other 
method of joining (see section on Brazing). On the other 
hand, the surfacing of the shank by means of an ap¬ 
propriate deposit also is used and is even considered as 
the most successful and economical means of fabricating 
tools by some of the authors (see section on Base Metal 
and Dissimilar Weld Deposit). A method of salvaging 
precious tool steel by retipping shanks with discarded 
ends of high-speed tool bits by means of arc welding has 
been described recently by Ericson.'^ First, the tip is 
tack welded to the shank (an S.A.E. 1045 or equivalent 
steel) by means of arc welding. Then the whole unit is 
warmed by yieans of an acetylene torch slowly, then 
more rapidly until the forging heat (1400-1700° F.) is 
reached on the tip, care being taken to keep the shank 
300 to 400° F. cooler. The welding is then quickly per¬ 
formed using a medium-coated low-cai 1 x)n electrode. 
Without allowing the weld to cool the whole welded por¬ 
tion is heated up (in a furnace, forge fire or with acety¬ 
lene flame) to 2300° F. and h^dened by air blasting or 
oil quenching. Experience has shown that tools made 
by this rae^od give better service than tools made 
wholly from high-speed steel. 

An unusual but effective method of welding dissimilar 
metals is described by Stewart.** The carbon steel 
shank and high-speed steel tip are connected with a con¬ 
denser charged to between 3000 and 6000 v. The two 
pieces originally are */4 in. apart, then they are brought 
together at high speed. When they are '/i« in. apart 
an arc flashes, and 0.0005 sec. later they are brought in 
contact while at. high temperature. No flow of heat 
occurs and a true surface weld is made. 

Low Alloy to Low-Alloy Steels 

Kniazev and Artemiev'®- '* tried to join Chromansil to 
Chromoly by means of arc as well as spot welding. The 
composition of both metals is given in Table 9. 


Table 9—Composition 

of Metals 

Used 

by Kni 

asev and 


Artemiev**' *• 





C 

Mn Cr 

Si 

S 

P 

Chromansil 

0.28 

0,78 0.92 

0,92 

0.019 

0.021 

Chromoly 

0.32 

0.56 0,93 

0.00 

0,022 

0.02 


(a) In the case of arc welding a low-carbon filler rod 
was used covered with a special coating. Tee and butt 
welds were made. The leg of the tee was about '/g in. 
thick (=3 mm.) and the rib about */g in. (=10 mm.). 
The edges of the rib were beveled. The butt welds were 
made between plates about 0.1 in. thick (= 2.5 mm.). 
The weld was sound in both cases, but there was a lack of 
fusion in the leg of the tee due to a different rate of pene¬ 


tration. Butt-welded specimens were tested in tensioi 
with the following results, Table 10. 


Table 10—Results of Tension Tests. Kniaasr end 
Artemiev^* “ 


Combination of Base Metals 
Chromansil and chromoly 
Chromansil and chromansil 
Chromoly and chromoly 


Tensile Strength, 

Psi. Elong , 

96.700 32 

88.500 13 3 

89.500 23 


The results are in favor of the combination made 1 
dissimilar base metals. Fracture occurred in the we! 
as base metals had a tensile strength of 127,000 p« 
Microstructure revealed good diffusion of the weld ini 
both base metals. 

(b) Spot welding involved thin sheets in packe 
(thickness not stated) totaling 0.16 to 0.32 in. in thic 
ness. A more prolonged heating was necessary than 
the case of carton steel to slow down the rate of coolu 
and avoid a hardened zone. Also pulsating welding tu 
to be used to secure better spreading of heat. 

The welds had small blowholes, about 0.025 in. in ( 
ameter. The as-welded structure was coarse and britt 
but could be removed by heat treatment above the trai 
formation point (no details). 

The shearing stress of a spot was 80% of the lens 
strength of the base metal. There was, however, 
indication of how the dissimilar nature of the she« 
affected the results. 

The tensile impact resistance at elevated tempcraiin 
of butt-welded composites of C-Mo and Cr-Mo-C wa« i 
vestigated by Henry and Cordovi.“ The specinie 
(round bars 0.2 in. diameter— 0.8 in. gage len^hi w» 
taken from a section of Chromoly ( 2 */ 2 %‘ Cr, ? 
and 0.15% C) tubing welde^ to a carbon-mcly (!' i M 
0.15% C) tubing using a shielded-arc and a carbon iiK 
electrode (1.0% Mo, 0.15% C). The tubes were p 
heated to 400° F. before welding which was perf( rm 



DEGREES FAHRENHEIT 

Fig. 15—Refulta of Physical Tests oi Welds loizung Chios:, ja 
M^ybdenum end Carbon-Molybdenum Tubing. Henrv 4^. 
Cordovi** 
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using '/V and Va-ui* electrodes. The heat treatment 
after welding consisted of heating to 1326° F., holding 
tlie temperature for 2 hr., followed by furnace cooling. 

The influence of temperature on the tensile impact re¬ 
sistance in foot-pounds, as well as on the elongation and 
reduction in area is shown in Fig. 15. The location of 
fracture was not stated, but judging from the hardness 
iurvey, presumably in the C-Mo base metal, which 
ibowed a somewhat lower hardness than the weld metal 
md Cr-Mo steel. The minimum value of the tensile 
mpact at 780° F. was accompanied by a minimum value 
if the elongation, which altogether remained rather high. 

Vtlding Wrought Iron to Rolled Steel 

As pointed out in the review of literature on Welding 
Vrought Iron*^ there appears to be no difficulty in weld- 
ig wrought iron to mild steel by arc** or gas** processes, 
iis was confirmed mote recently by tests conducted by 
he American Bureau of Shipping, Lloyd's Register of 
hipping and the Bureau of Marine Inspection and 
lavigation.** There is little doubt that the same will 
e true for resistance welding processes.* Successful 
riding of wrought iron to high-speed steel also has been 
lentioned.** 

)eel Castings to Ferrous Metals 

In many cases it has been found more economical to 
take welded composites of castings and rolled steel 
ither than to make a complicated casting or to weld a 
lit using only rolled steel. For example, a flying wheel 
ay be made economically by welding rolled steel spokes 
)d hub to a cast rim.** Danly*® describes another ex- 
ople in which cast steel gear bases are being welded to a 
Bd steel frame. Practical examples of composites 
ade of castings and rolled steel are given by Thomson** 
connection with the construction of a Continental 
agon Scraper, and by Jacobus*® who describes tractor 
ru, welded with heavy coated electrodes (*/$ to */8 in. 
ameler). Recent examples of composites made of steel 
stings and rolled steel along wi^ considerations of 
Moray have been reported by Wellauer.**® 

St Iron to Rolled Steel 

llTiiie there seems to be no essential difficulty in weld- 
{steel castings to rolled steel by any welding process. 
Wing of cast iron to rolled steel requires some precaution, 
wding to the review of literature on Cast Iron as per 
ivember 1936.*^ The use of high-carbon, high-silicon 
er rod is recommended when using oxyacetylene 
th. The steel must be preheated to the melting point 
cn using arc welding; moderate currents and peening 
er each short run are recommended. Bobek** de- 
ibes a successful welding of cast-iron brackets to a 
ri casting of an electrical motor, but insists on no special 
caution. Successful welding of wrought iron to cast 
el is also mentioned by Prinser.** 

Hie physical properties of welds between cast-iron and 
d steel have been determined by Roux** and Treu- 
t," and are reported in the review of literature on 
Iron.** 

According to the review of literature on Malleable 
5t Iron** 18-8 Cr-Ni rod is used to weld steel brackets 
^lalleable castings if no machining is to be done after 
ding. 

According to several statements recorded in the review 
literature on Welding Cast Iron as per November 
16,“ cast iron can be flash welded wi^out difficulty 
»ny kind of steel. While this has not been denied by 
Welding Handbook* of 1942, such a welding has not 
Q considered practical from a commercial standpoint. 
Recently, Boehm Esters** tried to spot and flash weld 


black heart malleable cast iron to SM steel of about 
85,000 psi. tensile strength. Because of martensitic 
formation the spot welding produced cracks. The be¬ 
havior in flash welding was better. The white heart 
malleable cast iron was not tried, but probably wculd 
give similar results. 

Corrosion Resistance of Dissimilar Carbon Steels 

According to the review of literature on Corrosion 
Resistance of Welded Joints as per January 1937,** com¬ 
posites of lower and higher carbon content (composition 
not stated) were reported to offer poor resistance to 
technical solutions of ethylene chlorhydrin (CH* CI- 
CHiOH).** Heavy corrosion also was observed at the 
resistance-welded joints between two pipes containing 
0.10 and 0.20% C, respectively.** 


Brazing Dissimileu: Ferrous Metals 
Electric Furnace Brazing 

This process is described by Webber** as a means of 
assembling steels of dissimilar origin and alloying content. 
The principle is the same as in hand (torch) brazing. 
At high temperature, in a neutral or deoxidizing at¬ 
mosphere, the brazing metal (copper, bronze, low- 
temperature silver brazing alloy) melts and creeps into 
the joints by means of surface tension (capillarity) and 
forms an alloy with the body metals. Advantages over 
torch brazing are: (1) no local heating, hence, no distor¬ 
tion, (2) better control and uniformity, (3) speed—im¬ 
portant for mass production and (4) possibility to braze 
lighter parts to heavy ones. 

Rotating bend s|>ecimens of the cantilever type with 
copper brazed T-joints were tested by Buckw^ter and 
Horges.*^ The base metal was X 4130 steel heat treated 
after brazing by quenching in oil from 1550° F. and 
tempering at 1000° F. The fatigue limit for 10 million 
reversals although low (=*=12,000 psi.) was much superior 
to the one developed by gas-welded joints. Some pene¬ 
tration of copper in the ferritic grain is apparent, and also 
some creeping of copper in the ^et due to surface tension 
(capillarity). 

Extensive research by Kuhlman** has shown that fur¬ 
nace brazing of mild steel by means of copper at 1150° 
C., (2028° F.) has an optimum duration of a^ut 30 min. to 
develop the maximum tensile strength (about 30,000 psi.). 
Since it takes only a few minutes for liquid copper to pene¬ 
trate and seal the joint, the beneficial effect of longer times 
can be explained only by mutual diffusion of copper and 
iron. This circumstance explains high values of physi¬ 
cal properties of the joint as compared to that of pure 
copper (tensile streng^ up to 53,000 psi. when brazing 
Ni-Mo steel—composition not stated; fatigue rotating 
bend limit—15,000 psi. when brazing mild steel). 


General: Bronze welding is the most widely used 
method of joining dissimilar metals. Its main feature 
lies in that actually no direct contact is established be¬ 
tween the two base metals. This follows from the very 
definition of the process, which is described as "making a 
joint by heating clean weld areas of the base metals to 
a red heat only and then melting the fluxed end of a 
bronze rod onto the heated areas and continuing until 
the vee is filled."*® 

As reported by Hook*® a publication of the Inter¬ 
national Acetylene Association of 1935 gives three 
reasons to explain the action which enables the yellow 
bronzes to take such a powerful grip on so many dis¬ 
similar unfused base metals: 


Bronze Welding 
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1. Tinning —spreading of a thin film of molten metal 

of low surface tension; the bond thus produced 
depends on the action of molecular forces at the 
bronze'base metal interfaces. 

2. Alloying —diffusion of bronze constituents into 

the base metal and a corresponding diffusion of 
the base metal constituents in the bronze in a 
narrow zone at the bronze base metal inter¬ 
face. 

3. Intergramdar penetration —the molten bronze pene¬ 

trates along the grain boundaries of the base 
metals. 

Except for the cast-iron base metal, no interference 
with the bond is experienced from any of the base metals, 
if proper flux is used to dissolve the produced oxides. 

Particulars 

Mild Steel to 18-8 Cr-Ni Steel. —Low-temperature 
brazing (between 1175-1532° F.) may be successfully used 
for this purpose according to Folgner** and Chapin.** 
The solder contains Cu, P, etc., and as much as 50% 
Ag. It is important to use energetic fluxes (fluorides) to 
dissolve chromium oxide. The flux must flow freely 
and so must the solder to make the bond possible through 
capillarity. 

Jenkins** speaks of successful dip brazing of turbine 
blades by means of copper or brass. Precleaning by 
electrolytic pickling is essential to remove tenacious Cr 
oxide. 

Cemented Carbide Tips to Tool Shanks. —The success 
and economy provided by brazing are emphasized by 
Johnson^** Mackinnon,*^ Hoffman*® and Folgner.** The 
latter recommends the use of the so-called Easy Flow 
No. 3, silver brazing alloy of the following composition: 
Ag50%; Cul5.5%; Zn 16.5%; Cb 18%. The solder 
melts at 1160° F. A detailed review of other brazing 
processes has been described elsewhere*^ and need not 
be repeated here. Greaser**^ recently described success¬ 
ful reclaiming of twist drills of 18-4-1, W-Cr-V composi¬ 
tion by brazing them to shanks of 0.6% C. 

Galvanized Pipes. —^The problem of melting galvanized 
pipos without damaging the adjoining galvanized surface 
is solved, according to Forgett by the use of a special 
flux for brazing.*® 

Intercrystailine Corrosion oj Brazed Steel. —In connec¬ 
tion with brazing of dissimilar metals the differential 
intercrystailine corrosion of steels brazed while under 
stress deserves sp>ecial mention. It has been known 
ever since®' that steel brazed with high-temp)erature 
alloy while under stress is sensitive to intercrystailine 
corrosion. The same is true when a low-temperature 
solder is used.*® But the latter seems to penetrate more 
easily in temj>ered Cr-Ni alloy steels (0.80-1.44 Cr; 
1.22-^.10 Ni) than in plain carbon steels of the same 
carbon content. The damaging effect was observed at 
temp>eratures as low as 212° F.** 

Brazing of Cast Iron. —Under the name of bronze 
welding ^s process was reviewed in detail previously,*' 
in connection with joining cast iron to cast iron. Similar 
results to that found in the latter case may be antici¬ 
pated when welding cast iron to steel, as shown in tests 
by Jansson.*® A tensile strength of 18,720 psi. was found 
by the latter on butt welds of cast iron and steel using 
bronze and an unnamed flux. This figure was the same 
as that found on butt welds made with steel or cast-iron 
rods.*®’ •* 

The nature of bond between cast iron and bronze weld 
has retained the attention of many investigators and 
was fully reviewed previously.*' The general belief is 
that the bond consists of some kind of adhesion and not 
of intergranular p)enetration of bronze in the cavities. 


The existence of an alloy (Cu-Zn-Fe) also was stated but 
without clear evidence. The bond is strong enough to 
give fractiue in the cast iron.*' 

The interference of graphite flakes with the bond is 
eliminated by the “searing” method.*® The beveled face 
of cast iron is subjected to an oxyacetylene flame until it 
becomes dull red. This bums up the graphite flakes. 
The bronze "tins” easily on the seared face. According 
to the review of literature on malleable cast iron as p)er 
December 1936** the bronze welding of steel parts to 
malleable castings may be made by using Tobin rod. 
The steel and malleable should be preheated to a bright 
red; the edges and surrotmding areas are plated fi^, 
the weld itself is then made. Most recent statements on 
this subject are as follows: 

1. An all purpK>se welding bronze rod containing Si 
(T.S. = 50,000 psi.) may be successfully used according 
to Walker** to join cast iron to iron or steel. 

2. Muffle and head assembly consisting of steel 
stampings, steel tubings and a p>ermanent mold iron 
casting can be made successfully by electric furnace 
brazing according to Cunningham.** 

3. Aluminum bronze electrodes (A1 9 to 14, Iron 
0.5-4.5, others—0.3-0.5 max., coppjer balance) are ideally 
suited to weld cast iron to iron according to Swift.'** To 
obtain good results it is necessary to braze and not to 
weld. This means that fusion of the base must be 
avoided, by directing the arc on the weld (see also Part 
III, Surfacing by Means of Bronze Overlays). 


Part III—Welding Ferrous to 
Nonferrous Metals 

Nickel and Nickel AUoys 

Of the nonferrous metals nickel and nickel alloys are 
probably the most frequently welded to steel and cast 
iron, and in this category Monel seems to be the most 
successful. According to Flocke and Schoener*® in 
building pressure vessels oftentimes it is necessary to 
weld steel parts to Monel. When resorting to covered 
Monel electrodes, the butt welds in plates ya and */4 in. 
thick yield a tensile strength of 61,900-66,800 psi. with 
fractiue in the steel. The free bend elongation at 180° 
was 42% for the thinner joint and 28% for the thicker. 
The nick-break test revealed no defects. 

Nickel and Inconel can be successfully welded to steel 
using Monel and Inconel rods resp)ectively. Silver 
brazing also may be used.** In the case of nickel the 
steel part is first clad with Monel.** Steel has been clad 
with Monel */si in. thick by plug and slot welding in 
filling plugs '/i-in. diameter, 4-in. centers.®® In order 
to avoid cracks a small bead was deposited around the 
edge of the hole and allowed to cool, before the hole was 
filled. Seam and flash welding steel to nickel and nickel 
alloys offer no difficulty.* 

The welding of cast iron to Monel metal was described 
by Dmglund.®' Gas torch and cast-iron rod were used 
to weld cast-iron plugs to a Monel container. Because 
of the higher melting point of Monel, 2480° F. as against 
2150° F. for cast-iron rods, the bond was secured by ad¬ 
hesion rather than by cohesion. The Monel metxd 
sweated like in bronze welding. 

Copper and Copper AUoys 

Oxyacetylene torch is successfully used to braze brass 
tips to steel stems in mining tools according to Zeit- 
schrift fur Schweisstechnik.^^ The filler rod is either 
brass or Neusilber. This procedme, which is used to 
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avoid sparks when boring holes for explosives, is also 
described by Graham.** A slightly oxidizing and 
bronze welding rod are recommended. The brass parts 
are groimd to a chisel shape and butted against the end 
of a steel bar which is left square or sometimes also 
beveled. Performance data indicate that the joint has 
the same strength as the welded parts. A bronze weld¬ 
ing rod containing Si (T.S. = 55,000 psi.) also may be 
used to join copper to steel according to Walker.** 

Swift*** recommends the use of aluminu m bronze 
electrodes for arc brazing instead of ordinary brazing 
rods which are inadequate because of Zn fumes. The 
alloy contains 9-14 Al, 0.5-0.5 iron, others 0.3-0.5 max. 
and develops a tensile strength of the order of 80,000- 
90,000 psi. 

Successful arc welding of chrome-plating racks made 
of S.A.E. 1020 steel to copper hooks by means of copper 
electrodes is described by Wald*** (no details). Hook*® 
reviews the use of bronze and copper electrodes to join 
current-carrying conductors to steel railway rails for 
power and sign^ circuits. Copper rod having 0.25% Si 
was successfully used along with carbon arc process. 
The same reviewer reports good results of welding gal¬ 
vanized sheets by means of carbon arc with bare phos¬ 
phorus bronze rod; the rod is melted in one layer without 
injuring the protecting zinc coating. Similar results 
were reported according to Hook with an Everdur 
(Si-Mn-Cu) rod coated with a composition of tin. The 
tin alloyed with the Everdur and the zinc coating as the 
rod was melted with the carbon arc. 

Kenefic**® describes fabrication of driving box shoes 
and wedges with an overlay of bronze by means of torch 
and arc welding (both carbon and met^c). The rod, 
a self-fluxing lead-bronze alloy, is of the same composi¬ 
tion as the brass which is customarily poured in on driv¬ 
ing box lateral. 

Because of the great difficulties encountered when 
brazing stainless steel, spot welding has been tried to 
join 1^8 to brass. The greatest difficulty in so far as re¬ 
sistance welding is concerned is the large difference in the 
specific resistance of the two metals. The maximum re¬ 
sistance is not at the interface, but in the stainless sheet. 
Proper welding conditions combined with a proper elec¬ 
trode design make it possible, however, to attach brass 
to stainless steel and to obtain a "reasonable” strength.4* 

Bronze liners may be welded to cast-iron journal ^xes 
without preheat using low heat-coated electrode (no de¬ 
tails) according to Palmer.*®® Resistance welding, more 
specifically the projection welding, has been successfully 
used by Gillette*** to join steel to copper and steel to 
brass in various "unusual” applications. 

Aluminum and Aluminum Alloys 

Although aluminum is not easily spot welded to other 
metals, Ferguson®* could produce good spot welds be¬ 
tween aluminum and iron, stainless steel and tin-coated 
steel. To prevent the formation of a brittle iron alumi¬ 
num compound Goldmann®* spot welded these metals 
by interposition of a third metal (no details). 

The joining of aluminum to steel by means of torch is 
either a problem of welding or soldering according to 
whether the aluminum undergoes melting or not. Both 
have been treated previously®* and more recently.®® 
Since no new data have been collected since then, refer¬ 
ence is made to the before-mentioned reviews. 

Particular attention is called to the data given by 
Holler and Maier.**® By precoating steel with tin, 
aluminum filler rod may be used with an appropriated 
flux (autogal). This produces a thin layer of Al-Sn-Pb 
alloy at the iron side, which is strong enough to shift the 
failure outside the weld with a tensile strength of about 
13,000 psi. Although the layer of Al-Pb-Sn alloy is 


brittle, bending may be performed without cracking, 
as the deformation is easily taken up by the weaker and 
more ductile aluminum base metal. 

If aluminum solder instead of pure aluminum is re¬ 
sorted to, the joint becomes weaker, with a tensile 
strength of the order of 8500 psi. 

Corrosion test in running water failed to disclose any 
appreciable deterioration of aluminum although some 
corrosion was visible at the junction with steel.**® 

Tin, Mo, Ta and Related Metals {Cohalt, Zirconium) 

A recent review of literature®* covered this field, and 
so far as can be stated, spot welding may be used with 
some success to join wires of these metals to steel wires. 
Atomic hydrogen and carbon arc (with adequate pro¬ 
tection) also is mentioned. 

Stellite 

Stellite (30-35 Cr, 40-55 Co, 12-17 W) may be brazed 
to steel tips in much the same way as tungsten carbides 
(see Part II),®* but welding by ei^er gas torch or arc is 
feasible. Atomic hydrogen and carton arc also have 
been used. Stellite rods have been used for hard facing, 
(see Part II). Finally, Stellite can be welded to sted 
by resistance welding (percussion) and flash weld. 

Surfacing of Iron Alloys by Means of Bronze Overlays 

The process of depositing of wear-resisting layers of 
bronze on cast iron, cast and wrought steel by means 
of carbon or metallic arc is of considerable economic im¬ 
portance according to Hook.*® Jennings*®* who describes 
the surfacing of steel rocker rings by means of phosphor 
bronze electrodes emphasizes that deposit must be 
brazed and not fused to the steel. In other words, while 
the bronze deposit will melt, the steel must be merely 
heated to the brazing temperature. This is done by 
allowing the deposit to flow freely */i6 to */4 in. ahead of 
the arc. In this manner the arc is prevented to strike 
and melt the base metal. A sound deposit is then ob¬ 
tained, provided the surface of steel is clean. The com¬ 
position of the rod is not given, but Hook*® who has re¬ 
viewed Jennings’ paper, believes that it must be around 
5% tin, 0.3% phosphorus, the remainder copper. 


Part IV—Dissimilar Nonferrous 
Metals 

Welding Copper with Other Metals 

Base Metal versus Weld Metal 

Although it is possible to weld copper with deoxidized 
copper rod using either gas torch or carbon arc, accord¬ 
ing to Hook*®* better results are obtained when using 
alloying rods. 

The phosphorus deoxidized copper welding rod with or 
without small addition of silver was common in use in 
1937 for gas welding, whereas phosphor bronze (around 
10% Sn and 0.30 P) seemed to give'best results in car¬ 
bon arc welding (95% of tensile strength of copper). 
To obtain more specific data on the influence of the alloy¬ 
ing element in rod on the quality of weld, Hook and 
Swift*®* made tests with different rods using gas and car¬ 
bon arc welding. The degree of deoxidation of the base 
metal is an important factor, and as a rule deoxidized 
copper base metal gives better welds than tough-pitch or 
electrolytic copper. This is true whether the base metal 
is deoxidized with phosphorus or with silicon. On this 
basis electrolytic copper rod compares very unfavorably 
with rods containing various amounts of alloying ele- 
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merits. On the other hand, rods deoxidized with silicon 
are better than those deoxidized with phosphorus, in so 
far as hot shortness is concerned. High amounts of tin 
(up to 10%) are good for carbon arc welds, but are un¬ 
satisfactory for gas welds (porosity). Excellent results 
in both types of weld have been found with a rod contain¬ 
ing 3% Sn and 1% Mn. (joint efficiency near 100%). 

That high tin content is adverse for gas welding and 
beneficial for carbon arc welding is also shown in tests 
made by Young.The base metal was electrolytic 
copper. Phosphor bronze rods with a tin content rang¬ 
ing from 1.75 to 10% were used. The joint efficiency on 
the basis of a tensile strength = 31,000 psi. for copper 
was comparable to that found for electrolytic copper by 
Hook and Swift. 

Similar results to those obtained by Hook and Swift 
with electrolytic and deoxidized copper base metal are 
reported by Vreeland.*^® 

Welds on electrolytic copper base metal gave erratic 
results regardless of the type of welding rod used because 
of the segregation of the copper-cuprous oxide eutectic. 
On the other hand, welds on deoxidized copp>er base 
metal gave 100% joint efficiency when using silicon 
copper rod (0.15 to 0.3% Si) for gas welding and silicon 
bronze type rod (approximately 3% Si) for carbon arc 
welding. 

One hundred per cent joint efficiency has been obtained 
in the case of high copper brass (85 Cu-15 Zn), Munz 
metal (60 Cu-40 Zn) and Naval brass (59% Cu, 0.75% 
Sn, balance Zn) when using low silicon bronze for gas 
welding (1.5% Si, 1% Zn) and high silicon bronze (3% 
Si) for carbon arc welding.^*® 

Welding Copper to Copper Alloys 

The only specific information about joining copper to 
brass is found in a paper by Chapin*® who recommends 
low-temperature brazing phosphor bronze containing 
various amounts of silver. No s|>ecial flux apj>ears neces¬ 
sary as phosphor bronze acts itself as a flux. 

Welding Copper to Other Nonferrous Metals 

Although copper can be seam welded to aluminum, 
the joint is brittle due to Al-Cu compound, according 
to Welding Handbook.^^ The same is true if torch 
welding is resorted to‘°® or if soldering is made using 
aluminum rod; in the latter case copper is precoated 
with tin solder.Soft soldering for plates, and silver 
soldering for joining aluminum wires to copper cables is 
preferable.The same applies to brass to aluminum 
welding.”' 

A detailed investigation by Holler and Maier‘” shows 
the following tensile strengths obtained on thin sheets 
about ^/g in. thick of A1 and copper, either welded by 
means of aluminum rod or soldered by means of a soft 
solder, Table 11. Silver brazing is inadvisable on thin 
sheets, because silver-Al alloy is too fluid and runs off. 
However, the joining of A1 to copper wires by means of 
silver solder gives good results. Similar results are ob¬ 
tained in joining aluminum to brass. 

It must be remembered, however, that soldered joints 


Tabl« 11*—Rmistanc* o£ Cu-Al Joints. Holler and Maier."^ 


Filler 

Precoating 

Copper Aluminum 

Tensile 
Strength 
in 1000 

Location of 

Metal 

Side 

Side 

psi. 

Fracture 

Aluminum 

Tin 


5.7-8.0 

At the interface 

Aluminum 

Al-Si-alloy 


4.2-6.7 

Aluminum Al- 

Aluminum 

Aluminum 


2.8-7.0 

compound 

Aluminum 

with flux 
Tin 

Aluminum 

10.8-12 

In aluminum 

solder 


solder 


sheet 


(tin solder) of copper to aluminum are sensitive to corro¬ 
sion and fail at the aluminum interface, whereas welded 
joints and joints made by silver brazing are free of this 
defect.^” 

The best solution for welding copper to aluminum rods 
is resistance welding according to Gillette.^** To elimi¬ 
nate the brittle Cu-Al alloy the following method is recom¬ 
mended : since aluminum melts at a lower temperature 
than copper and has more resistance, aluminum rod is 
less protruded from the clamp than copper to balance the 
electrical resistance. This is determined by trial. 
“Then starting with relatively low pressure until the 
proper temperature is reached and using relatively high 
pressure to push up the weld, a very satisfactory joint 
is made, the high pressure extruding all or nearly all of 
the brittle alloy from the joint.’’ 

Copper alloys to any other dissimilar metal also can be 
satisfactorily welded according to Gillette.**® 

The possibility of copper to lead welding has been 
mentioned previously,*®® but no details were given. A 
more detailed information is found in the previous re¬ 
view*®® about soldering brass pipes to lead pipes. 

Aluminum 

Base Metal versus Weld Metal 

Aluminum and aluminum alloys are mostly welded 
with rods of the same composition, but the use of 0.2% 
Ti rod also is recommended. As for the filler rods con¬ 
taining 5% Si, opinions are divided. For aluminum 
castings a low-temperature melting 10% Si aluminum 
alloy is recommended.**® 

Aluminum to Aluminum Alloys 

(a) Fusion lYeWtwg.—Mader*** butt welded cast 
aluminum silicon alloys, silumin and Nural 132A */t in. 
thick to rolled plates of aluminum-manganese alloy 
(Hy-7) of the same thickness by means of atomic hy¬ 
drogen process using rods having composition either of 
the casting or of the rolled plate (composition not 
stated). All tensile specimens broke outside the weld in 
the cast plate, Table 12, but examination by X-rays and 
metallography disclosed best bond when using Hy-7 
filler rods, see micrographs. Figs. 16-19. In the opinion 
of the author this result is secured by a partial fusion of 
the Hy-7 base metal and mutual diffusion of Mg and Si 
produced thereby. 


Table 12—Mechanical Propertiea 

of Aluminum Alloys Tested by Mader.>^> 



Silumin Casting and Hy-Rolled Plate 

Nural Casting and Hy-Rolled Plate 
■Welded with-■ 

Mechanical Properties 

Hy-7 

Silumin 

Hy-7 

Nural 

0.2% elastic limit, psi. 

12,600 

12,000 

Around 15,000 


Tensile strength, psi. 

17,000 

17,000 

18,400 

14,000-17,000 

Elongation in 2 in., % 

3 

4 

2 

1 
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T«bl* 13—Spot Woldiiiff Diasimilar Alloys. Rohrig and Kapamick*^* 




Approximate 


Total 


Shear 




Temperature at 

Time Energy 

Load on 


Strength 




Which Melting 

in per Spot, 

Tips, 

Diameter of 

of Spot, 


Specimen 

Alloy 

Begins, * C. 

Cycles KWS 

Lb 

Spot, Inch 

Lb./In.* 

Fracture 

1 

Pure A1 

650 

10 16.5 

220 

0.108-0.114 

14.000-14,700 

Unbuttoned, hole in Al 


Al-Cu-Ms 

540 






2 

Al-Mg-Si 

500 

15 23 

220 

0.114-0.118 

17,000-22,500 

Shear through weld 


Al-Cu-Mg 

540 






3 

AI-6.5% Nig 

.*>50 

15 23 

220 

No weld 

No weld 



AI-Cu-Mg 

.540 






4 

Pure A1 

650 

10 16.5 

220 

0.095-0.110 

16.000-17,400 

Unbuttoned, hole in Al 


Al-Mg-Si 

590 






6 

Pure A1 

650 

I 10.5 

220 

0.106-0.118 

14.200-15,100 

Unbuttoned, hole in Al 


AI-6.6% Mg 

650 




’ 


6 

AI-Mg-vSi 

590 

12 20 

220 

0.122-0.126 

20,500-21,400 

Shear through weld 


Al-6.5% Mg 

550 









Approximate Composition, % 




Alloy 

Cu 

Mg 

Si 

Mn 




Pure A1 





99.5% Al, hard rolled 


Al-Cu-Mg 

3.6-6.5 0.2-2 

0.2-1.5 

0.1-1.5 

Heat treated 



Al-Mg-Si 


0.5-2 

0.3-1.5 

0-1.6 

Heat treated 



Al-fl Mg 


6.5 



‘AH 



(b) Spot Welding. —As pointed out elsewhere^^ there 
is no difficulty in spot welding aluminum alloys of dis¬ 
similar composition. Any combination of Alclad 24 
S-T, 52 S and 53 S-T is satisfactory. When spot welding 
Alclad 24 S-T to 3 S, a flat electrode is used on the Alclad 
side to insure symmetrical slug. The corrosion resistance 
also is satisfactory. 

Rohrig and Kapernick"* have shown that the greater 
the difference in solidus temperature, between two dis¬ 
similar A1 alloys, the lower is the strength, Table 13. A 
single spot weld was tested in shear. There was, how¬ 
ever, little difference in structure between the two parts 
of the slug; the slug etched uniformly showing complete 
diffusion of alloying elements. 

(c) Brazing. —Although no specific information has 

been found on brazing dissimilar A1 alloys, from the 
papers published on ^e problem of aluminum braz- 
iQgU4.io9 ijg anticipated that this type of joining 

will yield satisfactory results. 

Aluminum to Other Metals 

Beside iron and copper and their alloys reviewed pre¬ 
viously, successful gas welds can be made between alu¬ 
minum and nickel and nickel alloys according to Holler 
and Maier.*°* The nickel is precoated with tin, and 
either aluminum filler rod or aluminum brazing alloy is 
used. The strength of the joint is of the order of 11,000 
psi. Monel metal is more difficult to weld because of the 
formation of a brittle Al-Cu compound. Stainless steel 
cannot be precoated with tin, instead, aluminum brazing 
alloy must be used. Aluminum can be brazed to lead 
and zinc, if it is precoated with an aluminum brazing 


alloy. The junction on the aluminum side shows evi¬ 
dence of interalloying. It must be pointed out, how¬ 
ever, that aluminum-lead joints are sensitive to tap 
water corrosion. 

An attempt to spot weld aluminum to a die-cast zinc 
alloy known as Zamak 5 is reported by Gillette. 

Nonierrous Metals Other Than Cu eind A1 

Magnesium 

Dissimilar Mg alloys can be spot welded together ac¬ 
cording to the Magnesium Welding Subcommittee, 
but consistency in strength is more difficult to obtain 
than when welding alloys of the same composition. As 
in other cases of spot welding dissimilar metals, the 
solidification ranges, the thermal and electrical conduc¬ 
tivities are the primary factors which must be considered. 
For example, alloys of Mg^l.5 Mn have anarrower solidi¬ 
fication range, higher electrical and thermal conductivity 
as compared to Mg-6 Al-1 Zn alloys and thus compen¬ 
sation for these differences must be made by different tip 
areas in contact with the sheet to keep the weld slug 
centered in the joint. 

Welding W, Ta, Mo and Related Metals 

Reference is made to a previous review^'* in which the 
following combinations of dissimilar metals, mostly in 
form of wires, are given (without particulars): W-Mo, 
W-Ni, Ta-Mo, Mo-Ni, Mo-Monel and Mo-stainless 
steel. Spot welding, atomic hydrogen and carbon arc 
are the processes employed for this purpose. 



Fig. 16—Cast Alloy, Silumin Fig. 17—Ca$t Alloy, Silumin Fig. 18—Cast Alloy Nural Fig. 19—Cast Alloy Nural 

Welded with Hy.7 Rod Welded with Silumin Rod 132A Welded with Nural 13^ Welded with Hy-7 

132A Rod Rod 

Figs. 16-19—Welding Aluminum Cast Alloys to Rolled Aluminum Alloy, Hy-7. Mader^^^ Ampl. x 200 
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Fig. 2—Longitudinal Section Showing Microatructuie oi Flash Weld (After Tensile Test* 
ing). X 200. Aqua Regia and Nital 


joining 2 in. x HVY IPS low-carbon 
steel to 2 in. X HVY IPS 27% 
chrominm-iron, both 1 ft. long. 

Welding was done using 8.4 volts on 
a 500-kva. transformer and hydro¬ 
gen gas was passed through the weld 
interface during flashing. Static 
tensile tests conducted on heat 
treated specimens 1.090 x 0.190 in. 
in cross section gave the following 
results: Yieldpoint,62,l(X)to63,8(X) 
psi.; ultimate streng^, 78,750 to 
82,900 psi.; elongation in 2 in., 27 
to 31%; location of fracture: plain 
C steel base metal (about 1^/2 in. 
from weld). Specimens 1 in. wide, 

5 in. long were subjected to a free 
bend test and bent to a full 180® 
without cracks or other signs of 
distress. Not withstanding the 
variation of the weld hardness, Fig. 

1, which is usually taken as indica¬ 
tive of lack of ductility, failure did 
not intiate in the heat-affected zone. 

Figure 2 reveals an intermittent 
decarburized zone (less than 0.(X)5 
in.) on the Croloy 27 side of the 
weld junction and a much wider de¬ 
carburized zone (more than 0.1 in.) 
of ferrite on the low C steel side. 

The latter is the result of carbon 
migration toward the Cr steel during 
heat treatment. In so far as high concentration of car¬ 
bon at the weld interface (Fig. 2) due to the aforemen¬ 
tioned reason is known to result in a brittle zone in the 
weld, the possibility of carbon migration and its conse¬ 
quences should be considered for any weld between chro¬ 
mium steel and carbon steel if the temperature of opera¬ 
tion is high enough for diffusion. A small amount of 


oxide penetrators has been trapped at the weld interface. 
According to the investigators reporting these results, 
hydrogen atmosphere (which was used in this case) is 
helpful in minimizing formation and occlusion of refrac¬ 
tory oxides at the weld junction. The microstructure of 
Croloy 27 and C steel base metals is depicted in Figs. 3 
and 4 respectively. 
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Fig. 4—Microe tru c tu re of Plain C Steel Base Metal. x250. 
Etch: Nital 
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Graphitization of Low-Carbon and Low-Carbon- 

Molybdenum Steels 

By H. J. KERR,* NEW YORK, N. Y. and F. EBERLE,* BARBERTON, OHIO 


INTRODUCTtON 

W HILE the technical literature contains considerable in¬ 
formation on the graphitization of cast iron and high 
carbon steels,* only a few cases of graphitization in low 
carbon steeb ^d no case of graphite formation in low carbon- 
molybdenum steeb had been reported until after the failure of 
the steam pipe at the Springdale Station of the West Penn. 
Power Company, earlv in 1943. As a result of this failure a 
number of papers were presented to this Society under (h^ 
sponsorship of die Joint High-Temperature Committee in 
I>ecember 1943. 

The company with w’hich the authors are coimected has 
manufactured many large oil refining vessels of carbon-molyb¬ 
denum steel, also high temperature and high pressure boiler 
drums .together with a very considerable number of super¬ 
heaters of the same material. Therefore, the failure of the pipe 
at Springdale due to graphitization in service was of great im¬ 
portance to the authors' company and to its customers, notwith¬ 
standing the fact that the failed material had not been fur- 
nbhed or fabricated by them. 

We had carried out many high-temperature tests of long 
duration with carbon-molybdenum steel and with welds of the 
same material, without encoimtering any trouble. It was there¬ 
fore natural to raise the question of why these tests did not 
give any warning of the graphitization danger. Subsequent to 
the failure at Springdale, we, in cooperation with the opera¬ 
tors of many installations, have examined a great many sam¬ 
ples of welded pipe, plate, castings and forgings removed from 
installations, and have also considered the results of examina¬ 
tions made by other investigators such as H. Weisberg,' L. E. 
Hankison,* R. W. Emerson,® and H. S. Blumberg.* In all, some 
eighty weld joints have been carefully studied, these including 
samples from the highest temperature (975-990 F) and pressure 
unit with tlie longest service in the country. 

Examination of these field samples from service installations 
showed very quickly, as reported before the Joint High Tem¬ 
perature Committee last year, the important fact that the steeb 
found affected by graphitization were those which had received 
considerable quantities of aluminum in the deoxidation practice. 

In the course of their inv’estigations, the authors found that 
steeb which displayed in the McQuaid-Ehn test a totally normal 
case with a grain size of 1 to 5, did not graphitize in service. 
Steels which were abnormal and fine-grained (7 to 8) in the 
McQuaid-Ehn test, did graphitize, though in the case of cast¬ 
ings some have and some have not. The degree of graphitiza¬ 
tion among the graphitized wrought steeb varied considerably. 

• Fijfures refer to the bibliography appended to this paper. 

* Executive Assistant, The Babcock & Wilcox Co. Mem. A.S.M.E. 

• Metallurgist, The Babcock A Wilcox Co. 

*Mcch. Eng., Public Service Electric and Gas Co., Newark, N. J. 

* Gen. Superintendent, West Penn. Power Co., Pittsburgh, Pa. 

* Metallurgist, Pittsburg Piping and Equipment Co., Pittsburgh, Fa. 
•Metallurgist, The M. W. Kellogg Go,. Jersey City, N. J. 

Contributed by the Joint A.S.T.M.-A.S.M.E. Research Committee on the 
Effect of Temperature on the Properties of. Metals and Presented at the 
Annual Meeting, New York, N. Y., Nov. 27-Dec. 1, 1944, of The Amkbjcan 
Society op Mechanicai. ENoiNEBas. 

Note: Statements and opinions advanced in papers arc to be under- 
sto^ as individual expressions of their authors and not those of the 
Society. 


Steeb of the intermediate type, that b steels which showed only 
slight abnormality — No. 2 type—and a grain size of about 4 to 7 
in the McQuaid-Ehn test, graphitized in some cases and did not 
in others. 

In parallel with the investigation of materiab from $,eTvice 
installations, many tests were carried out in the authors' labora¬ 
tory which had a threefold purpose. The first objective was to 
graphitize under controlled conditions the type of steel which 
did not graphitize in service. However, all attempts to do thu 
failed, in spite of the severity of the applied testing conditiems. 
77ie second goal was to graphitize the intermediate type of 
steel, and in this some success was achieved. The third objec¬ 
tive was to gain some insight into the mechanism of graphiti¬ 
zation of these low-carbon steeb. 

No attempt will be made here to present detailed reports of 
investigations of materiab from service installation. However, 
some typical conditions will be shown which illustrate pertinent 
facts. With respect to the laboratory experiments, the testing 
procedure will be described and the results obtained given to- 
gedier with the comments of the authors. Finally, a summary of 
the conclusions at which the authors arrived, will be presented. 

Typical Examples ef the Graphitixatien Behavior of 
Various Types of Materials in Service 

Carbon Steels 

A very interesting case which the authors encountered b that 
of the well-known committee steel K-20 which probably has 
been tested more and described in more detail dian any other 
steel in this country.' This steel had been specially made for the 
Joint A.S.T.M.-A.S.M.E. Research Committee on Effect <rf 
Temperature on the Properties of Metab to serve as test mate¬ 
rial for standardizing high-temperature testing methods and 
equipment. This K-20 steel had been furnace-deoxidized with 
80 per cent ferro-manganese and 50 per cent ferro-silicon, fol- 
low’ed by a ladle deoxidation witli 50 per cent ferro-silicon and 
by the addition of 1.2 lb aluminum per ton of melt. It was a 
plain carbon steel of the following analysb 

.35 C, .55 Mn. .19 Si, .016 P, .030 S. .025 Al, .006 Al.-O, 

One of the most outstanding characteristics of this steel was 
its uniformity After fabrication into 1 in. round bar stock, the 
latter received the following heat treatment: 

“Heated to 1550 F in tvi'o hours, held one hour and furnace 
cooled to 1000 F from which temperature the bars were air 
cooled. Rebealed, to 1280 F in four hours, held two hours ami 
cooled In the furnace to 1000 F, then air cooled.” 

We participated in the creep testing of thb material at 830 F 
and at the completion of the standard test permitted the speci¬ 
men to remain under load (7500 psi) for a total time of 75237 
hours, that is about 8)4 years. Detaib of this creep test are 
given in Professor Norton’s report contained in Appendix A. 
Subsequent examination of the coupon in the authors’ labora- 

' A summary of the bibliography of this steel is given in Proc. A5.T.M- 
V. 40 (1940), pp. 159-160. 


66-8 


Digitized by 


Google 





toiy ^e^’ealed that the steel had unifonnly gzaphitized (see 
Fig. 3). Due to the heat treatment, this steel was predominantly 
spheroidized before the testing (see Fig. 2). In the McQuaid- 
Ehn test, the steel was found to be slightly abnormal (Type II) 
and of a mrced grain size (No. 6-7 and 3). The McQuaid-Ehn 
case of this steel is shown in Fig. 1. 

It was quite interesting to note the arrangement of the 
graphite in this specimen. One could not escape the impression 
that the carbon had been precipitated around some sort of 
nuclei which were relatively few in number and mndomly scat¬ 
tered. The graphite nodules were of roughly uniform size from 
which it would follow that the nuclei had become effective at 
about the same time and that the carbon precipitation there¬ 
after remained confined to them. But when did those nuclei 
become effective? The fact that the nuclei are so few and had 
become effective at about the same time, seems to favor the 
hypothesis preferred by the authors, namely that nucleation 
took place on the slow cooling through the Ai temperature dur¬ 
ing the atomic rearrangements accompanying the allotropic 
transformation. Just what die nature of those nuclei is, remains 
a matter of speculation. They may be submicroscopic particles 
of oxides or nitrides or sulphides of aluminum or, perhaps, also 
of some other element. 

The formation of randomly scattered graphite nodules did 
not affect the mechanical properties of die steel seriously, as the 
following figures show: 

Prop. Limit Yield P, TeniUeStr. Elong.in2'' Red. A 
pel _p«<_ pH _ per cent per cent 

21500/24000 - 68000/70000 36.5/39.0 62.3/65.8 128/131 

After 

TMt - 42,300 62,300 38.4 68.4 108 


Another very instructive instance concerned an 8 ft. length 
of a 4% in. O.D. x 31t in. I.D. oil-refineiy tubing removed from 
an installation because of changes in construction. This tube 
consisted of three sections, joined by welding, which will be 
designated as Tj, Tj and T*, of the following analysis: 


Carbon . 

Manganese 

Silicon . 

Phosphonu . 

Sulpbur . 

Molybdenum 

Chromium . 

Nickel . 

Aluminum 
Alumina AljO^ 


Ti 

T, 

T, 

. .21 

.16 

.19 

. .46 

.43 

.42 

. .14 

.20 

.19 

. .015 

.013 

.012 

. .034 

.025 

.022 

nil 

nil 

nil 

. .04 

.39 

.02 

. .04 

.13 

.06 

. .019 

.001 

.002 

. .003 

.002 

.001 


In the McQuaid-Ehn test, tube Ti was found to be fine¬ 
grained and abnormal, while tubes Tj and T* were medium- 
to coarse-grained and normal (see Figs. 5, 8, 9, 11 and 12), This 
composite tube had been for 81i years at a temperature of 1000 
to 1020 F, Examination revealed that the two McQuaid-Ehn 
normal tubes Tr and Ti had not graphitized either in the weld- 
affected metal nor in the weld-unaffected body, while widely 
scattered very large graphite nodules were found throughout the 
abnormal tube Ti. Tbe weld metal joining these tubes showed 
no graphite (see Fig. 6). Representative microstructures of the 
three tubes are shown in Figs. 4, 7 and 10. The noteworthy 
feature of the graphitized Tube Ti was first, that there were 
only very few, but exceedingly large graphite nodules, and sec- 
(mdly, that graphitization apparently was not preferentially in¬ 
fluenced by‘the heat of welding. One cannot help asking the 
question why had not more graphite nuclei been formed during 
^ose long years, if one assumes that nucleation took place at 
the service temperature. 

Let us now compare the above steels with the behavior of 


another carbon steel which we may call steel "B." This steel “B” 
represents a drum with twelve years service at a temperature of 
about 850 F. After six years, a stainless steel liner was attached 
to the drum by welding. Fig. 15 shows the microstructure of 
the weld-unaffected metal of the drum after t\velve years service 
and Fig. 14 the low temperature weld-affected zone of the steel 
six years after the welding. We fail to observe any sign of 
graphite in either sample. This steel was a straight silicon- 
killed. steel with 0.25 per cent carbon which had received no 
aluminum in the deoxidation practice. In the McQuaid-Ehn 
test, it showed a coarSe-grained and normal structure (see 
Fig. 13). 

The lamellar condition of the pearlite has remained preserved. 
This steel, too, had been armealed, that is, slow furnace-cooled 
prior to installation, but, apparently there was not sufficient 
time for the beginning of carbon precipitation from solid solu¬ 
tion during tire cooling through the A-1 temperature, or, there 
were no nuclei present, or, at least not effectir’e, on which car¬ 
bon could precipitate and crystallize. The above are typical 
examples of graphitizing and apparently non-graphitizing low- 
carbon steels. 


Carbon-Molybdekum Steels 

The following presents what the authors believe to be typical 
cases of carbon-molybdenum steel chosen from many joints 
after long tinre in service: 

Plant S 

This instance concerns a pipe which had been in service at 
930 to 950 F for 514 years. TTiis pipe had been furnished in the 
normalized and drawn condition. The end of the .pipe was 
subsequently upset at about 2000 F and then welded without 
intermediate heat treatment. However, the^ welded joint had 
been preheated and stress-relieved at 1200 F. ^^^en this pipe 
joint was cut out and examined, the following was found: 

Weld Metal: No graphite. 

High Temperature Zone of Weld-AfFccted Upset Pipe: No Graphite. 
Coarse Acicular Widmanstatten Structure. (See Fig. 17.) 

Low Temperature Zone of Weld-Affected Upset Pipe: Chain Graphite. 
Carbide Diffused and Spheroidized. (See Fig. 18.) 

Weld-Unaffected Upset Pipe: No Graphite. Medium to coarse Widman¬ 
statten Pearlite. (See rig. 19.) 

Forge-Spheroidized Transition Zone From Upset to Non-upset Part: 
Scattered Graphite Nodules, Small Grain Size Carbide Spheroidized. 
(See Fig. 20.) 

Forge Heat-Unaffected Non-upset Pipe: No Graphite. Fine-Grained Wid- 
maiutatten Pearlite. (Sec Fig. 21.) 

This Steel had received 1.75 lb aluminum per ton in the de¬ 
oxidation practice and was fine-grained and abnormal in the 
McQuaid-Ehn test (see Fig. 16). There was nothing unusual in 
the chemistry of this material which was as follows: 

.15 C, .55 Mn, .16 Si, .012 P. .026 S. .54 Mo. .034 AI, .002 Al/)*. .01 Cr. 
Plant F 

'Fhis instance deals with a similar pipe "F" which differed 
from the previoasly discussed pipe principally in the heat treat¬ 
ment which it had received prior to welding. This pipe “F” had 
been furnished normalized from 1650 F and drawn at 1200 F. 
Prior to installation, the end of the pipe was upset at some high 
temperature and then normalized again at 1750 F and drawn 
at 1300 F. The upset end was then welded and stress-relieved 
at 1200 F. Examination of the weld joint after 4)4 years service 
at 910 F re\'ealed scattered graphite nodules not only in the 
low-temperature end of the weld-affected base metal, but also 
in the upset and non-upset part of the pipe. The graphite in 
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the weld-aSected zone was not of the chain type, but more een- 
centrated than in the body of the pipe. The .significant micro¬ 
structures of the pipe are shown in Figs. 23 to 25. No graphite 
was found in the weld metal. The steel from which the pipe 
was made had been deoxidized with 1.9 lb. Al per ton, buf 
otherwise differed little from that of the previously described 
pipe. Its chemistry was as follows: 

.13 C. .45 Mn, .17 Si, .015 P, .018 S, .52 Mo, .062 Al. .013 AljOs. .01 Cr. 

The McQuaid-Ehn test revealed a fine-grained and abnormal 
structure (see Fig. 22). Pipes “S” and “F” illustrated the be¬ 
havior of a carbon-molybdenum steel which had been deoxi¬ 
dized with a large amount of aluminum. 

Plant C 

The example considered here presents the case of a carbon- 
molybdenum steel which received an intermediate amount of 
aluminum, say 0.75 lb per ton. Over six years ago the authors' 
company built a reaction chamber of such a steel which we 
may identify a.s steel “C”, and which analyzed as follows: 

0.17 C. 0.60 Mn, 0.22 SI, 0.013 P, 0.020 S, 0.45 Mo, .002 .41, .008 A1sO«, 

.01 Cr. 

This material was in the normalized and stress-relieved con¬ 
dition. After six years service at 870 F, numerous samples were 
removed and examined, but no trace of graphite was found, 
either in the weld-affected zones, weld metal, or in the weld- 
unaffected base metal. The latter appeared to be totally 
unchanged by the long ser\’ice (see Figs. 27 and 28). In the 
McQuaid-Ehn test, this steel revealed a medium to fine grain 
size and normal structure (see Fig. 26). The same steel was 
subjected to a creep-rupture lest at 950 F under a load of 
20,000 psi, which test lasted 1.3 years. The specimen, which 
contained a weld in the middle of the gauge length, was subse¬ 
quently examined^ and likewise was found free from graphite 
formation. 

Plant K 

Another intermediate type steel, which reportedly had been 
deoxidized with 0.5 lb ahiminum per ton and which showed 
in the McQuaid-F.hn test a medium grain size and only very 
slight abnormality (see Fig. 29) behaved differently in service. 
This steel, designated as "K”, was represented by a pipe which 
had been annealed at 1650 F, followed by slow furnace cool¬ 
ing. The welded joints of this pipe were made with 300-400 F 
preheat and subsequently w'ere stress-relieved at 1150 to 
1200 F. After about two years service at an average tempera¬ 
ture of 975 F, the pipe was discovered to be uniformly graphi- 
tized. Graphite occurred as randomly scattered nodules not 
only in the weld-affected zones, but also in the weld-unaffected 
base metal (see Figs. 30 and 31). No graphite was found in 
the w'eld metal. The predominantly spheroidized condition of 
the pipe .structure deserves particular attention. 

The examples of steels “C" and “K” have demonstrated that the 
intermediate type of steel exhibits an uncertain beha\’ior w’ith 
respect to graphilization, that is, its l>eha\’ior cannot be pre¬ 
dicted with any degree of probability. The ambiguous character 
of this type of steel is also reflected in its McQuaid-Ehn char¬ 
acteristics which are on the border line between those of the 
clear-cut normal and the clear-cut abnormal steels. Two exam¬ 
ples of the abnormal type of steel have been shown as repre¬ 
sented by steels “S” and “F”. 

The following shows the beha\-ior of totally normal steels, 
that is, steels which received in the deoxidation practice either 
a very small amount of aluminum, say below 0.5 lb per ton, 
or '10 alurriinum at all; 


Plant DA 

This case concerns a pipe made from a forging steel which 
had been deoxodized with 0.11 lb aluminum per ton. Its 
McQuaid-Ehn characteristics are sho\vn in Fig. 32. We note 
that the grain size is coarse to medium and the carbide struc¬ 
ture totally normal. This pipe had been annealed at 1900 to 
1950 F, followed by slow furnace cooling. After oyer four years 
continous service at 950 F with six daily swings up to 990 F, 
no graphite could be detected either in the weld-affected zone 
or in the weld-unaffected base metal or weld metal. The unaf¬ 
fected base melal is showoi in Fig. 33. 

Plant SH 

This case represents a header (Steel "SH”), made from a steel 
deoxodized with .25 lb aluminum per ton. The McQuaid-Ehn 
case of this steel, depicted in Fig. 34, showrs a medium to coarse 
grain size and total normality. This header was 5K years m 
service at 935 to 950 F without any indication of graphitiza- 
tion, either in the weld-affected zone or in the weld-imaffected 
base metal or w-eld metal. The heat treatment of the header 
prior to installation consisted of a normalizing at 1650 F, fol- 
low'ed by a draw.' at 1200 F. Figs. 35 and 36 show the micro- 
structure of the weld-affected and the weld-unaffected metal. 
The standard analysis of this steel was practically the same as 
in the case of Plant “S”. 

Plant CG 

This case concerns a header "CG” made from a straight 
silicon-killed steel with no ahuninum addition in the deoxida¬ 
tion practice. The McQuaid-Ehn case characteristics of this 
steel are illustrated by Fig. 37. Again the grain size is medium 
to coarse and the carbide structure totally nomial. This header 
“CG” was sampled and examined after over five years service 
at a temperature of 925 to 950 F. Not a trace of graphite was 
found, either in the w'eld-affected or in the weld-unaffected 
material or weld metal. This header, too, had been in the nor¬ 
malized and drawm condition. 

Many other headers of this type ha\'e been examined after 
several years in seiA’ice, but none w^re found which contained 
graphite. 

Plant T 

This case illustrates the behavior of three 455 in. O.D. x 314 in. 
I.D. carbon-molybdenum steel tubes w'hich had been operating 
in oil refiners' service under the following conditions: 

Tube TMi—4V4 years al 1050 F under a stress of 2140 psi 
Tube TM^—3*4 years at 1050-1070 F under a stress of 2080 psi 
Tube TMs—3^ years at 1080-1100 F under a stress of 1860 psi 

In the McQuaid-Ehn test, the tubes were found to be coaise- 
to medium-grained and normal (see Figs. 39, 40, 42 and 43). 
The chemistry of these tubes was as follows: 



C 

Mn 

Si 

P 

S 

Cr 

Ni 

Mo 

Al 


Tube TMi. 

.13 

.46 

.13 

.012 

.025 

nil 

.61 

.61 

.002 

.000 

Tube TM- .. 

.17 

.42 

.13 

.oi.? 

.031 

nil 

.45 

.45 

.002 

.010 

TubeTM.i . 

... .17 

.45 

.12 

.012 

.031 

.09 

.48 

.48 

.000 

.007 


Notwithstanding the high temperatures at which these tubes 
had been operating, none were found to contain graphite. The 
microstruclure of tubes TMi and TMj, depicted in Figs. 38 and 
41, displayed only spheroidization and coalescence of the car¬ 
bide. The microstructure of tube TM» was similar to that of 
tube TM:. None of these tubes had been welded. 

The described examples will suffice to illustrate the graphid- 
zation-resistant behavior of the so-called normal type of steel 
The latter is all the more significant since most of these steels 
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were welded to other steels of the high aluminum type which 
were found graphitized under identical conditions. 

All the foregoing cases have dealt with wrought steels, only. 
A number of carbon*molybdenum steel castings have also been 
examined and studied by the authors xvith respect to their 
graphitization behavior in service. In general, castings followed 
the same rule as demonstrated for the wrought materials, i.e. 
the castings found graphitized were high-aluminum deoxidized 
and no castings of normal type of steel have been found with 
graphite. To give a fair picture of the castings situation it must 
be stated that several abnormal steel castings were not graphi- 
Uzed. The following are typical casting cases: 

Plant U 

The casting “U” was welded to a pipe which was found 
graphitized in the weld-alFected zone. This casting was totally 
abnormal and fine-grained in the McQuaid-Ehn test (see Fig. 
44) and had the following analysis: 

.30 C. .89 Mn, .43 Si. .022 P, .027 S, .50 Mo 

Prior to installation in service, the casting had been double- 
normalized from 1750 F and 1550 F, respectively, followed by 
a draw at 12{X) F. Examination after five years in .service, of 
which over one-half was at 875 to 900 F and the remainder 
at 900 to 950 F with swing.s up to 980 F, revealed chain 
graphite in the low-temperature region of the weld-afiFected 
zone and scattered graphite in the center section of the wall 
of part of the weld-unaffected body. This condition is illus¬ 
trated by Figs. 45 and 46. The opposite end of this casting 
did not graphitize in the weld-affected zone. It is evident from 
Fig. 46 that tlie normalizing treatment did not produce the 
acicular Widmanstatten pearlite to be observed in wrought 
carbon-molybdenum steels which probably are of smaller sec¬ 
tion size and therefore cool in air at a faster rate. 

Plant V 

An example of an intermediate type of cast steel is repre¬ 
sented by casting “V” whose McQuaid-Ehn casa is shown in 
Fig. 47. This steel is of a duplex McQuaid-Ehn grain size and 
predominantly normal. Some zones exhibited slight abnormal- 
ity^ This casting “V” was free from any signs of graphite after 
sk years at 935 F to 950 F. A carbon-molybdenum steel pipe 
of the high-aluminum abnormal type, which was welded to 
this casting, was found severely graphitized. The deoxidation 
practice, chemistry and heat treatment of casting “V” prior to 
installation are not known. 

Plant W 

Another case of an intermediate tj'pe of casting which had 
received a medium amount of aluminum in the deoxidation 
practice is given by casting “W”. Its McQuaid-Ehn case char¬ 
acteristics are shown in Fig. 48. Note the mixed medium to 
coarse grain size and almost total normality of the structure. 
This casting was free from graphite after six vears service at 
910 F as the representative microstructure in the weld-affected 
zone and the weld-unaffected metal, depicted in Figs. 49 and 
50, show. It is again worth noting that the pearlite structure 
indicates a relatively slow cooling rate although it was known 
that this casting had been nonnalized prior to installation. 

A number of straight silicon-deoxidized castings reported 
with no aluminum additions which were part of an installation 
running at 915 F, were sampled and examined after 4% years 
service and were found free from graphite. Other carbon- 
molybdenum steel parts of the high-aluminum type, joined to 
the castings by welding, were found severely, graphitized. The 


McQuaid-Ehn case structure of these castings was totally 
normal. 

Discussion of Sorvico Results 

Summarily, it may be stated that the high-aluminum deoxi¬ 
dized materials—aluminum additions of over 1.5 lb per ton of 
melt—which were found to be very fine-grained and totally 
abnormal in the McQuaid-Ehn test, were found graphitized, 
while the straight silicon-killed steels or castings or those which 
had received aluminum additions below 0.5 lb per ton, failed 
to graphitize. Over twenty of such cases have been investi¬ 
gated. These straight silicon-killed or low-aluminum deoxidized 
materials were always totally normal and coarse-to medium¬ 
grained in the McQuaid-Ehn test. Steels or castings which had 
received medium amounts of aluminum, say between 0.5 and 
1.0 lb per ton, were of an uncertain behavior, i.e. their 
McQuaid-Ehn case characteristics were of the mixed type and 
could not always be coordinated with their graphitization be¬ 
havior. However, in general, the McQuaid-Ehn lest appeared 
to be a relatively quick and sufficiently reliable indicator of the 
graphitizing tendency of a steel. 

The interpretation and evaluation of the McQuaid-Ehn cases 
requires a certain amount of experience, particularly with re¬ 
spect to the carbon-molybdenum steels which are prone to 
form the Widmanstatten type of pearlite, i.e. whicl» frequently 
exhibit in the carburized case some areas of ferrite that are not 
indicative of abnormality. The extreme type of normal case 
structure shows the grain boundary hypereutectoid carbide as 
continuous thin lines of uniform width and contiguous with the 
lamellar of the pearlite which should be regular and well 
formed. With decreasing normality the regularity of form of 
the grain boundary carbide as well as that of the pearlite 
carbide decrease, become broken up (discontinuous) and coal¬ 
esced. 

Laboratory Graphitization Tests 

On the basis of the described field results, many tests were 
carried out which had the following aims: 

1 to graphitize the kind of steel which did not graphitize 
in service, i.e. the straight silicon-killed or low-aluminum deox¬ 
idized steel. 

2 to graphitize under controlled conditions tlie intennediate 
type of steel, i.e. one which had been deoxidized with medium 
amounts of aluminum, say between 0.5 and 1.0 lb per ton. 

3 to evaluate some of the factors which influence graphiti¬ 
zation in these low-carbon steels. 

The first objective was not attained. The straight silicon- 
killed and the low-aluminum deoxidized steel refused to form 
graphite even under the severest testing conditions. The .second 
goal was partially reached in that graphite was produced in an 
intermediate type of steel under specific conditions. With re¬ 
spect to the third objective, a great deal of information was 
obtained from which certain dedvictions were drawn. The tests, 
.the results obtained and their interpretation by the authors are 
presented herewith. 

Graphitization Tests with Repeatedly Are-Welded 
Specimens of Three Types of Carbon- 
Molybdenum Steels 

These tests were prompted by the observation that graphiti¬ 
zation in many of the field materials examined appeared to be 
increased at locations where the heat waves from the single 
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weld beads, forming the so-called “eye-brows”*, intenected 
in the low-temperature region of the weld-affected zones. It 
was concluded therefore that repeated super-imposed welding 
cycles tended to promote graphite formation. This led to the 
folIo\ving tests: 

Specimens of the three types of carbon-inolybdenum steels 
previously described were repeatedly arc-welded with carbon- 
molybdenum steel electrodes and subsequently placed in a 
charcoal covered lead bath, which was maintained at 1000 F, 
for purposes of graphilization. The specimens consisted of short 
round bars, 1 in. in diameter and 3M in. long, with a circum¬ 
ferential “U” weld groove, 5^16 in. wide and )i in. deep, at a 
distance of IK in. from one of the ends. After the deposition of 
each bead, the weld metal was machined out, talcing care to 
restore the weld groove in its exact original location. The char¬ 
acteristics of the steels employed, their microstructural condi¬ 
tion as a result of previous history or heat treatment, the 
number of welding cycles employed and the results obtained 
are given in Table 1. 

Specimen A, taken from the graphitized forge-spheriodized 
zone of a service pipe of a high-aluminum deoxidized steel, 
showed a continuous gradual increase in the size of the already 
existing graphite nodules. No new ncxlules seemed to have been 
formed (see Fig. 51). 

Specimen E, taken from the non-graphitized upset part of 
the same pipe and normalized at lft50F —thereby rendered 
fine-grained — displayed incipient graphite formation in the low- 
temperature region of the weld-affected zone after 1700 hours. 
The size of the formed nodules was substantially increased after 
3000 hours (see Fig. 52). 

Specimen F, again from the same pipe, but from the graphi¬ 
tized forge-spheroidized part, and normalized at 1650 F— 
whereby the existing graphite was dissolved according to micro¬ 
scopic evidence—began to show’ incipient graphilization in the 
low-temperature weld-affected zone after 833 hours. The size 
of the formed nodules increased rapidly wath time at tempera¬ 
ture (see Fig. .53). 

Specimen G, still from the same pipe, but from the not 
graphitized coarse-grained upset part and left in the as- 
received condition, was found to contain numerous small 
graphite nodules in the low-temperature weld-affected zone 
after 830 hours. These nodules grew rapidly as time went on 
(see Fig. 54). 

Specimen H, taken from another, but otherwise identical 
pipe, representing the graphitized forge-spheroidized zone and 
normalized at 1700 F whereby, according to microscopic exami¬ 
nation, ^he graphite was dissoh'ed, revealed the first appearance 
of graphite In the low-temperature weld-affected zone after 
830 hours. The size of the n^ules again increased rapidly with 
time and was quite large after 3000 hours (see Fig. 55). 

The intermediate type of steel, represented by specimens B 
ji*nd C, and the straight silicon-killed steel. Specimen D, failed 
to show any indication of graphite formation, notwithstanding 
the 20 and 50 times superimposed welding cycles. 

From these results the following deductions were drawn: ^ 

1 Under gi\'en conditions, only a certain number of gra¬ 
phite nodules are formed and graphitization thereafter con¬ 
tinues by carbon deposition on the existing nodules at constant 
subcritical temperahire (Specimen A). 

2 Increasing the number of superimposed welding cycles 
seems to accelerate the formation of graphite (Specimen E vs. 
Specimens F and C). 

• This lerm is described and illustrated in Emerson’s Paper. ASME— 
1943 Joint High-Temperature Meeting. 


3 In the case of abnormal steel, the first appearance ot 
visible graphite in the weld-affected zone of fine and coarse¬ 
grained steel seems to take place within about the same time. 
However, coarse-grained steel appears to form a larger number 
of small graphite nodules, while fine-grained steel forms a 
smaller number of larger nodules. Coarse-grained steel appears 
to be more prone to form chain graphite than fine-grained steel 
(Specimen F vs. Specimen G). 

4 Heating and cooling a graphitization-sensitive steel 
through the Ai transformation temperature seems to promote 
the formation of graphite. 

5 The straight silicon-killed normal type of steel appears to 
possess a very high resistance to graphitization. 

6 Intermediate t)'pe steels possess a higher resistance to 
graphitization than abnormal steels. The McQuaid-Ehn test is 
perhaps not as accurate a measurement of their graphitizing 
tendency as needed in this case. 

GraphitizatiQii Tests with Repeotedly Spot-Welded 
Specimens of Three Types of Carbon- 
Molybdenum Steel 

In the previou.sly described tests with repeatedly arc-welded 
specimens, the heating and cooUng rates during welding were 
slow. In order to examine the effect of fast rates of heating and 
cooling, similar graphitization tests were conducted with spot- 
welded specimens of the three types of carbon-molybdenum 
steel. The characteristics of these steels, the welding details 
and the results of prolonged exposure to 1000 F in a charcoal 
covered lead bath are summarized in Table 2. 

The specimens consisted of small discs of 1 in. dianieter. 
Specimens Nos. 1 to 5 were K in. thick, while specimen No. 6 
was only K in. thick. Specimen No. 7 was specially designed 
to produce a higher stress concentration in the weld-affected 
zone. For this purpose, this specimen, which w’as IK in. dia. x 
IK in. thick, contained on opposite sides K in. dia. x K in. deep 
holes into which the electrode tips could be inserted. The effec¬ 
tive thicknes* at the center of the specimens was therefore 
one-half inch. 

These discs were placed between the electrode tips of a 
spot welding machine and subjected to a number of current 
impulses as given in Table 2. Each specimen received first two 
high current impulses of 15,000 amperes (8 cycles) and then 
additional impulses of 12,900 amperes (8 cycles). These current 
impulses were not designed to produce fusion, but to create 
heat surges which woxild heat the surface layer of the speci¬ 
mens to well above the upper transformation temperature. The 
electrodes employed were K in. in diameter and water-cooled. 

A study of Table 2 show^ that 

1 only the high-aluminum deoxidized steel graphitized (see 
Figs. 56 to 58). 

2 the part of the metal which was heated and cooled 
through the A-1 transformation appears to be sensitive to 
graphitization. 

3 the intermediate ri'pe of steel, although medium-grained 
and slightly abnormal in the McQuaid-Ehn test, seems to be 
much less sensitive to graphitization than the high-aluminum 
deoxidized, totally abnormal steel. 

4 the straight silicon-killed steels possess a high resistance 
to graphitization even under the severe conditions and could 
not be induced to graphitize even under the effect of 50 super¬ 
imposed welding cycles. 

A comparison of these results with those obtained with the 
repeatedly arc-welded specimens confirms the relative gT^>hiti' 
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TABLE 1 


Repcatsdiy Are-Welded Speclment 
(1' round x 3V^' long with eircumferential weld 1 V4' from one end) 





Deox. with 

Number of 



Graphite** after 


Soee. 

Moteriof 


lb. Al/fon 

We/d Cycles 


833 hr 

1717 hr 

3000 hr 

A 

Service Pipe "S" 
Forge-Spher. Zone, at-rec. 


1.8 

10 


increased 

increased 

increased 

B 

Plate "X-l”, 1650 F/Air 


.5* 

10 


none 

none 

none 

C 

Plate “X-l", 1650 F/Air 


.5* 

20 


none 

none 

none 

D 

Plate "X-Z", 1650 F/AIr 


none 

50 


none 

none 

none 

E 

Service Pipe “S” 

Upset End, 1650 F/AIr 


1.8 

5 


yes 

increased 

increased 

f 

Service Pipe “S" 


1.8 

10 


yes 

increased 

increased 


Forge-Spher. Zone. 1650 F/Air 






G 

Service Pipe “S" 

Upset End, as-rec 


1.8 

10 


yes 

increased 

Increased 

H 

Service Pipe **S4/7" 


1.8 

12 


yes 

increased 

increased 


Forge-S|Aer. Zone, 1700 F/AIr 






* phM $em« addition of enotlior poworfvl doouldlsor 
** INwflroHont Fie** ^1 to 55 















MeQuald-Ehn 



C Mn 

Si 

P 

S 

Me 

Grain Size 

Normality 

If/usfrof/on 

Pipe "S" 

.15 .55 

.16 

.012 

.026 

.54 

8 

Abn. (Type ii/lll) 

Rff. 16 

Plote "x-r 

.18 .75 

.23 

.012 

.024 

.43 

7-8 

Abn. (Type Ii/lll) 

Rg. 68 

Plate ••X.2" 

.20 .84 

.23 

.019 

.013 

.49 

1-2 (seme 3) 

Norm. (Type I) 

Rg. 69 

Pipe S4/7*' 

.11 .45 

.14 

.012 

.026 

.53 

6-7 

Abn. (Type III) 

Fig. 70 


TABLE 2 

Repeatedly Spot Weld-~-Heated Specimens 
(DUes. 1' dia. x V^' thick) 





Deox. with 

Number of 



Graphite*** efier 


Spec. 


Moferie) 

lb. Al/ton 

WeW Cycles 


840 hr 

1630 hr 

3000 hr 

1 


Plate "X-2'', 1650 F/AIr 

none 

20 


none 

none 

none 

2 


Service Pipe "S4/7" 

Forge-Spher. Zone, 1650 F/AIr 

1.8 

20 


yes 

biereased 

increased 

3 


Rate "X-2", 1650 F/AIr 

none 

10 


none 

none 

none 

4 


Service Pipe "S4/7" 

Forge-Spher. Zone, 1650 F/Air 

1.8 

10 


yes 

increased 

inceased 

5 


Plote **X-2”, 1650 F/Air 

none 

50 


none 

none 

none 

6* 


Service Pipe "S4/7" 

Forge-Spher. Zone, 1650 F/Air 

1.8 

10 


yes 

increosed 

increased 

7** 

Rote "X.3", 1700 F/Air 

1 

20 


none 

none 

none 

* $e««lm«n only 14" 

thick 







** Rsenferctd SpedMon 1 Yi die. x 1 yi thkk wtth 16 die. x J6 

deep hdet on epposlts sidos 





Hotel Each specimen received Arst two impulses of 15,680 Amps (8 cydes) end then repeoted Impulses of 12,870 Amps (8 eydes) eedt 



•** See Nluslratioftt, Rgs. 56 to 58 














McOuald-Ehn 




C Mn 5/ 

P 

5 

Mo 

Groin Size 

Normofity 

lllvtlration 

Plate 

•■X-2” 

.20 .84 .23 

.019 

.023 

.49 

1-2 (some 3) 

Norm. (Type 1) 

Rg. 69 

Pipe' 

■S4/7- 

.11 .45 .14 

.012 

.026 

.53 

6-7 

Abn. (Type HI) 

Rg. 70 

Plate 

“X.3" 

.16 .82 .47 

.020 

.027 

.48 

6-7 

Slightly Abn. (Type D) 

Rg. 71 
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zation tendency of the abnormal and the other two types of 
steel, but fails to indicate fundamental differences due to the 
increased heating and cooling rates. 

Graphitiz 9 tion Tests with Single Spot Welds of Three 
Types of Corbon^Molybdenum Steel 

While the previous experiments described were primarily 
concerned with the effect of repeated heat surges under rela¬ 
tively slow and relatively fast conditions of heating and c'ooling, 
the graphitization tests with .single spot welds now to be 
reported were made for the purpose of investigating the effect 
of quantitatively controlled healing and cooling c'onditions upon 
the graphitizing tendency of the three types of carbon- 
molybdenum steels. The characteristics of the steel employed, 
the welding conditions and the results of exposure to 1000 F 
in a charcoal covered lead bath are again summarized in table 
form (see Table 3). 

The specimens were pr^>ared with plate sections 3Ji in. x 3Js 
in. % in. on a spot-welding machine which permits automatic 
preheating, welding and drawing of each weld, graphically 
recording time and current conditions. The welds were made of 
each type of steel, one weld remaining in the as-welded condi¬ 
tion while the other weld was given a short stress-relieving 
treatment. The general aim was to preheat the specimens to 
300 to 400 F, weld and cool rapidly. In the case of the stress- 
relieved samples, an attempt was made to cool the weld to 
approximately 400 F and then reheat .the fused nugget to 
1250 F. 

The following results were observed: 

1 Only the high-aluminnm deoxidized type of steel graphi- 
tized. 

2 The first visible graphite formed faster in tlie stress- 
relieved sample (No. 7). 

3 The intermediate type of steel, medium-grained and 
slightly abnormal in the McQuaid-Ehn te.st, proved to be re¬ 
sistant to graphitization in this test. 

4 Tlie graphitization resistance of the straight silicon-killed 
steel was confirmed again. 

Graphitizgtion Tests with $pot>Weld Fused and Chilled 
Single Discs of Two Types of Carbon* 
Molybdenum Steel 

It has been knowm for several years that the rate of graphili- 
zation of white cast iron is greatly increased by prior quench¬ 
ing. Tlie same effect of a preceding quenching treatment from 
austenitizing temperatures upon the subcritical graphitization of 
hypereutectoid steels wjis observed by Austin and Norris.* 
These authors ascribed this effect to the resulting high degree 
of carbide dispersion and to a critical amount of strain pro¬ 
duced in the steel. This suggested examination of the effect of 
a severe weld quench upon subsequent subcritical graphitiza¬ 
tion. For this purpose, specimens were prepared by fusing the 
center of 1 in. dia. by K in. thfck discs of a straight silicon- 
killed and of a high-aluminum-deoxidized carbon-molybdenum 
steel, respectively, between the water-cooled tips of a spot- 
welding machine. The current impulse applied heated the core 
of the discs from cold to fusion within 1/15 sec., 2/15 sec. and 
1/5 sec., respectively, the speciniens then being cooled to room 
temperature within one second. The fused nugget was sur¬ 
rounded by a martensitic heat-affected zone which changed so 
abniptly to the unaffected metal that some of the pearlite 

• Tram. A.S.M., v. 30 (1942), p. 425. 


islands in the contact zone were half martensitic and half 
trooslilic-pearlitic (see Fig. 62). The prepared discs were again 
heated in a charcoal covered lead bath, maintained at lOOO F. 
Table 4 shows the characteristics of the steels, the welding 
conditions and graphitization test results. 

The specimens were microsc'opically examined after 1500, 
3000, 4500 and 6000 hours at 1000 F, but failed to give any 
indication of the presence of graphite within 4500 hours soak¬ 
ing time. After 6000 , hours, a few isolated small graphite 
nodules were obser\’ed in the abnormal steel (see Fig. 64). 
The straight silicon-killed steel displayed only carbide spheroid- 
ization in situ, while the high-ainminum-deoxidized steel also 
showed diffusion of the carbide to the grain boundaries and 
carbide coalescence (see Figs. 63 and 04). Inasmuch as the 
same type of steel, with slower rates of cooling, had always 
been found graphitized within a much shorter lime, and in 
most cases exclusively in those zones which, during the process 
of welding or during a preceding heat treating operation, had 
been heated and cooled through the Ai temperature, the specu¬ 
lation arose whether the formation of the first graphite cells on 
nuclei was not favored by the atomic rearrangements accom¬ 
panying the Ai allotropic transformation. Should this be the 
case, then the experiments just described could be interpreted 
as meaning that an extremely fast rate of cooling through tfie 
Ai temperature might not produce the sensitivity to the initia¬ 
tion of graphitization. 

Graphitization Tests with Three Types of Carbon* 
Molybdenum Steel Isothermally Transformed at 
Various High and Low Temperatures 

The results of these lests led the authors to explore the effect 
of isothermal transformation at various high and low tempera¬ 
tures upon the subcritical graphitization of three types of 
carbon-molybdenum steel as represented by a high-aluminum- 
deoxidized steel, a straight silicon-killed steel and a special 
steel containing 0.70 per cent chromium which was silicon- 
deoxidized with a ladle addition of 0.44 lb aluminum per ton. 
The characteristics of (he three steels, the transformation tem¬ 
peratures employed and the graphitization results obtained are 
summarized in Table 5. 

The specimens consisted of )* in. x )* in. x 1/32 in. discs and 
were heated in a lead bath to 1700 F, held for one-half hour 
and then quenched into the isothermal bath. The holding times 
in the latter were taken from the isothermal transformation dia¬ 
gram for the 0.5 per cent molybdenum steel developed and 
described bv Blanchard, Parke and Herzig in Trans. A.S.M., 
v. 29 (1941), pp. 317-338. The graphitization tests were again 
conducted in a charcoal coi'ered lead bath maintained at 
1000 F. 

The straight silicon-killed steel and the chromium-containing 
steel did not graphitize at all and will be omitted from further 
discussion of this test. 

In view of the small specimen size it was found quite diffi¬ 
cult to appraise the results quantitatii'ely. However, it appeared 
quite distinct that transformation at 1250 and 1200 F pro¬ 
duced more graphite nodules than transformation at any of the 
lower temperatures. The growth of the nodules at the graphiti¬ 
zation temperature (1000 F) was very irregular and seemed to 
be influenced by segregation or inhomogenity phenomena. Some 
zones showed graphite and others did not. It was also obserx'ed 
that graphite nodules were more numerous and grew fast«' 
when they were located between clusters of non-mctallic inclu¬ 
sions. 
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TABU 3 


Singl* Spot Wolds 

(Spodmons 3 Vi* x 3 W' x H' woldod togothor) 


Smc. 

Material 


Doox. with 
lb. At/ton 

Coftditiofi 


1000 hr 

Graphito* ettor 

2000 hr 

3000 hr 

6 

Plato ••X-2”, 1700 F/AIr 


neno 

Strou-Rol. 


nono 

nono 

nono 

7 

Sorvico Pipo *'S4/7’* 


1.8 

Strots>RoL 


yoi 

incrootod 

Increased 


Upsot End, 1700 F/AIr 








8 

Plato •*X-3’‘, 1700 F/AIr 


1 

Strou-Rol. 


nono 

nono 

neno 

9 

Ploto “X-2'', 1700 F/AIr 


nono 

At-Woldod 


neno 

nono 

nono 

10 

Sorvico Pipo '‘54/7" 


1.8 

As-Woldod 


nono 

yos 

incrootod 


Upsot bid, 1700 F/Air 








11 

Plato ’'X-S”, 1700 F/Air 


1 

A«.Wolded 


neno 

nono 

nono 

*$— BwtrqWow, Rgv 99 ond dO 















McQuokf-SHi 



O 

a 

Si 

P 

S 

Mo 

Groin Site 

Nermotitv 

tiiwffration 

floto ••X.2" 

.20 .84 

.23 

.019 

.023 

.49 

1 -2 (semo 3) 

Norm. (Typo 1) 

Fig. 69 

Wpo "Sd/r’ 

.11 .45 

.14 

.012 

.026 

.53 

6-7 

Abn. (Type III) 

Rg. 70 

Ploto ••X-S" 

.16 .82 

.47 

.020 

.027 

.48 

6-7 

Slightly Abn. (Type 8)^ 

Fig. 71 


TABU 4 

Dhcs wHh Spot Wold—Fusod ond Chlllod Corot 
(Spoeimont 1' round x W' thkk) 

Doox. with Graphito* oAor 


Spec. 


MoHrlel 

fb. Ai/ten 


Amps. 


Cyciot 

1500 hr 

3000 hr 

6000 hr 

1A 


Ploto "X-2”, 1675 F/Air 

neno 


43700 


4 

neno 

neno 

neno 

IB 


Plato “X.2”, 1675 F/AIr 

neno 


35,400 


8 

nono 

neno 

neno 

1C 


Plato ‘•X-2", 1675 F/AIr 

nono 


32,200 


12 

neno 

nono 

nono 

3A 


Sorvico Pipo "S4/7" 

Upsot End, ot-rocoivod 

1.8 


43700 


4 

neno 

nono 

littio 

2B 


Sorvico Pipe "S4/7” 

Upsot End, as-roceivod 

1.8 


35.400 


8 

neno 

neno 

litHo 

2C 


Sorvico Pipo "S4/7" 

Upset End, at-rocoivod 

1.6 


32,200 


12 

neno 

neno 

littio 

3A 


Sorvico Pipe "S4/7" 

Upsot End, 1700 F/Air 

1.8 


43700 


4 

neno 

neno 

littio 

3B 


Sorvico Pipe "S4/7” 

Upsot End, 1700 F/Air 

1.8 


35^00 


8 

neno 

nono 

litHo 

3C 


Sorvico Pipe "S4/7"’ 

Upset End, 1700 F/Atr 

1.8 


32,200 


12 

neno 

nono 

imio 

* S«t llvftrotleni, Rg*. d3 ond 64 


















MeQveid-6wi 




C Mn 

Si 

P 


S 

Me 

Grain Site 

Nermeiity 

iiiuttratien 

Plato 

"X.2" 

.20 .84 

.23 

.019 


.023 

.49 

1-2 (some 3) 

Norm. (Typo 1) 

Fig. 69 

Pipo 

•S4/7- 

.11 .45 

.14 

.012 


.026 

.53 

6-7 

Abn. (Typo III) 

Fig. 70 
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TABLE 5 


Test! with Itethermally Tran>form*d Steels 
(Specimens V^* x x 1 /32') 

Oeox. with Transform Graphite affor 


Spec. 

Moterioi 

lb. Al/ton 


Temp. F 

1500 hr 

3000 hr 

6000 hr 

SP-1250 

Service Pipe ‘‘S4/7” 

Upset End, 1650 F/Air 

1.8 


1250 

medium 

increased 

increased 

SP-1200 

Upset End, 1650 F/Air 

1.8 


1200 

medium 

increased 

increased 

SP-!000 

Upset End, 1650 F/Air 

1.8 


1000 

traces 

segregated 

increased 

SP-800 

Upset &id, 1650 F/Air 

1.8 


800 

traces 

segregated 

increased 

SP-600 

Upset End, 1650 F/Air 

1.8 


600 

troces 

none 

some 

SP.500 

Upset End, 1650 F/Air 

1.8 


500 

r>one 

none 

none 

SP-300 

Upset End, 1650 F/Air 

1.8 


300 

none 

little 

'increased 

SP-200 

Upset End, 1650 F/Air 

1.8 


200 

troces 

little 

some 

SP-1650W 

Upset End, 1650 F/Air 

1.8 


1650 F/Water 

none 

none 

tome 

SP-1650Br 

Upset End, 1650 F/Air 

1.8 


1650 F/Brine 

none 

segregated 

.eegregated 

HB-1250 

Plote •■X-5’', 1650 F/Air 

none 


1250 

none 

none 

•MM 

HB-1200 

Plate "X-S", 1650 F/Air 

none 


1200 

none 

none 


HB-1000 

Plate "X.5". 1650 F/Air 

none 


1000 

none 

none 

noM 

HB-800 

Plate "X-S", 1650 F/A!r 

none 


800 

none 

none 

rsone 

HB-600 

Plate •■X.5", 1650 F/Air 

none 


600 

none 

none 

none 

HB-500 

Plate •‘X-5", 1650 F/Air 

rsone 


500 

none 

none 

none 

HB-300 

Plate ••X-5", 1650 F/Air 

none 


300 

none 

none 

none 

HB-200 

Plate '‘X-5’’, 1650 F/Air 

none 


200 

none 

none 

none 

HB-1650W 

Plate "X-S", 1650 F/AIr 

none 


1650 F/Water 

none 

none 

none 

HB-1650Br 

Plate "X-S", 1650 F/Air 

none 


1650 F/Brine 

none 

none 

none 

2S-1250 

Plate "X.4", 1650 F/Air 

.45 


1250 

none 

none 

none 

2S-1200 

Plate “X-4’', 1650 F/Air 

.45 


1200 

none 

none 

none 

2S-I000 

Plate “X-4", 1650 F/Air 

.45 


1000 

none 

none 

none 

2S-800 

Plate "X-4”, 1650 F/Air 

.45 


800 

none 

none 

none 

2S-600 

Plate “X-4", 1650 F/Air 

.45 


600 

none 

none 

none 

2S-500 

Plate •’X.4’’, 1650 F/Air 

.45 


500 

none 

none 

none 

2S-300 

Plate •’X.4’’, 1650 F/Air 

.45 


300 

none 

none 

none 

2S-200 

Plate ’■X-4’’, 1650 F/Air 

.45 


200 

none 

none 

none 

2S.ld50W 

Plote ’’X-4’’, 1650 F/Air 

.45 


1650 F/Water 

none 

none 

none 

2S-1650Br 

Plate "X-4", 1650 F/AIr 

.45 


1650 F/Brine 

none 

none 

none 







McOtfold-Ehn 



C Mn Si 

P 

S 

Me Cr 

Grain SIxe 

Nonnofrty 

Hhnfnrthti 

Pipe ••S4/7" 

.11 .45 .14 

.012 

.026 

.53 — 

6-7 

Abn. (Type 111) 

Rg. 70 

Plate “X-S" 

.17 .83 .19 

.034 

.026 

.49 — 

1-3 

Norm (Type 1) 

Rg. 73 

Plate ••X-4" 

.26 .56 .32 

— 

— 

.46 .69 

4*5 (some 2) 

Norm (Type 1) 

Rg. 72 


TABLE 6 

Specimens Quenched from Temperatures near the A| Point 


Deox. with 


Graphite* ofter 


Spec. 

Moteriol 

lb. Al/ten 

1500 hr 

3000 hr 

4500 hr 

6000 hr 

A1250 

Service Pipe ‘’54/7’’ 

1.8 

none 

none 

in segreg. zone 

in segreg. zone 

A1300 

Upset End, 1650 F/AIr 
Upset End, 1650 F/Air 

1.8 

none 

none 

in cold worked edge 

none 

A1350 

Upset End, 1650 F/Air 

1.8 

none 

in tegreg. zone 

in segreg. zone 

in tegreg. zorte 

AI400 

Upset fod, 1650 F/Air 

1.8 

none 

uniform, small 

uniform, increased 

uniform. Increased 

B1250 

Plate ••X-5’’. 1650 F/Air 

none 

rtone 

none 

none 

none 

81300 

Rate •’X-5". 1650 F/Air 

none 

none 

none 

none 

none 

81350 

Plate ••X-5”, 1650 F/Air 

none 

none 

none 

none 

none 

81400 

Plate ••X-5’*. 1650 F/Air 

none 

none 

none 

none 

none 

* llluttrellom, Flos. 65 end 66. 

C Mn 

Si P 

S 

Mo 

MeOuaid-Ehn 

Grain Size Normality 

lllwstratioe 


Pipe"S4/7'' .11 .45 .14 .012 .026 .53 6-7 Abn. (Type III) Rg. 70 

Plate “X-5” .17 .83 .19 .034 .026 .49 1-3 Norm. (Type I) Rg. 73 
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The test results obtained indicate that graphitization in the 
high-aluminum-deoxidized steels may occur at subcritical tem¬ 
peratures following transformation at various temperatures, i.e. 
irrespective of the rate, at which the steel had cooled prior to 
exposure to the subcritical graphitizing temperatures. However, 
transformation at high temperatures which in practice amounts 
to slow cooling, seems to favor nucleation. 

Graphitization Tests with Two Types of Carbon^ 

Molybdenum Steel Quenched from Temperatures 
Just Above and Below the A, Point 

It has been pointed out on previous occasions that the prefer¬ 
ential, though not exclusive, occurrence of graphite in the low- 
temperature region of the heat-affected zone of welds, or, the 
localized formation of graphite in zones which previously had 
been heated to temperatures in the vicinity of the A. point as. 
for example, in the forge-spheroidized transition zone from the 
upset end to non-upset part of pipes, seemed to indicate that 
such pre\’ious heating and cooling through the Ai transforma¬ 
tion favors the initiation of graphitization. In order to throw 
some light on this question, the authors quenched specimens 
of a high-aluminum-deoxidized and of a straight silicon-killed 
steel from 1400, 1350, 1300 and 1250 F, respectively, into an 
ice-brine mixture and then heated them in a charcoal covered 
lead bath, maintained at 1000 F, for purposes of graphitization. 
According to the microscopic evidence, the Ai transformation 
temperature of the steels employed was between 1350 and 
1400 F. The specimens, which were X in. x li in. x in., were 
held at the quenching temperature for one-Iialf hour. A sum¬ 
mary of the characteristics of the two steels, of the testing 
conditions and the results obtained is given in Table 6. 

None of the specimens from the straight silicon-killed steel 
showed evidence of graphite formation within a total holding 
time at 1000 F of 6000 hours. 

The first appearance of graphite formation in the high- 
aluminum-deoxidized steel was noted after 3000 hours in the 
samples quenched from 1400 F and 1350 F, respectively. The 
graphite in the 1400 F-quenched specimen appeared as ran¬ 
domly scattered small nodules, while that in the 1350 F- 
quenched sample occurred only in a localized zone and inter¬ 
spersed with some non-metallic inclusions, suggestive of having 
been promoted by local segregation. 

After 4500 and 6000 hours, graphite was found in all speci¬ 
mens, but, with the following differences: In the 1400 F- 
quenched specimen, graphitization was again uniform, that is, 
graphite occurred throughout the body of the specimen as 
randomly scattered small nodules (see Fig. 65). In the samples 
quenched from 1350, 1300 and 1250 F, respectively, graphite 
was found only in a localized zone amongst a cluster of non- 
metallic inclusions (Fig. 66). 

These results certainly indicate the possibility that the allo- 
tropic transformation at the Ai point favors graphite nucleation. 
They also show that other factors, such as segregation phenom¬ 
ena and strain, may exert a powerful influence upon subcritical 
graphitization. 

Graphitization Tosts with a Chromium-Stabilizod 
Carbon-Molybdenum Steel in Various 
Conditions of Heat Treatment 

The stabilizing influence of chromium with respect to carbide 
disassociation is well known from the malleableizing process and 
has led the authors to examine the graphitization resistance of 


a carbon-molybdenum steel, to which .70 per cent chromium 
had been added. The deoxidation of this steel was carried out 
with ferro-silicon and an addition of 0.42 lb aluminum per ton 
which resulted in total McQuaid-Ehn normality (see Fig. 72). 
The e.xperimental steel was forged into a 134 in. thick plate 
which, after a double normalizing and drawing treatment, was 
sectioned and the sections welded together, using standard 
carbon-molybdenum steel electrodes and special chromium¬ 
bearing carbon-molybdenum steel electrodes, respectively. 
Transverse sections from the two tvpes of weldments were then 
heat treated as indicated in Table 7 and subsequently placed 
in a charcoal covered lead bath, maintained at 1000 F, for a 
total time of 6000 hours. None of the specimens showed any 
indication of graphite formation, either in the weld-affected 
zone or In the weld-unaffected base metal. 

Effect of Creep Testing at 950 F under 10,000 psi 
upon the Graphitization Behavior of a High- 
Aluminum-Deoxidized Carbon-Molyb¬ 
denum Steel in Various Conditions 
of Heat Treatment 

The failure at Springdale and the general graphitization 
sensitivity of the high-aluminum-deoxidized carbon-molyb¬ 
denum steels suggested the checking of the relative creep 
resistance of the various structures which are encountered in 
such steels in actual installations. These structures may vary 
according to the preceding heat treatment of the material. For 
instance, some pipe ends are upset at high temperatures which 
results in a coarse grain structure unless ^e upset part is subse¬ 
quently refined by a normalizing treatment. Again, if the whole 
pipe is not normalized after the upsetting operation, there will 
be a transition zone between the upset and the non-upset part 
of the pipe which contains a range of microstnicture similar to 
that in the heat-affected zone adjacent to a weld. 

The authors determined the relative creep resistance of the 
various microstructures which are encountered in carbon- 
molybdenum steel for high temperature service with specimens 
from the coarse-grained upset portion of a large pipe which 
had been removed from an installation because of graphitiza¬ 
tion in the low-temperature region of the weld-affected zone. 
The specimens were given the following heat treatment: 

No. 1 — No heat treabnent. Material represents the coarse-grained 
Widmanstatten structure of the upset part of the pipe 
"at received.” 

No. 2 — Normalized at 1700 F. Fine-grained Widmanstatten struc¬ 
ture. 

No. 3 — Spheroidize — Annealed 30 hn at 1300 F. 

No. 4 — Annealed Vt hour at 2200 F and slowly cooled in furnace 
(50 F per hr). 

No. 5 — Annealed V4 hour at 2200 F, slowly cooled in furnace and 
then spheroidize-annealed 30 hours at 1300 F. 

No. 6 — Normalized at 1700 F and then spheroidize-annealed 30 
hours at 13(X) F. 

The characteristics of the steel, the testing conditions and 
the results obtained are given in Table 8. Disregarding the 
creep values which are considered indicative, but not accurate 
due to tlie short time and the length of the specimens, the 
significant fact is that none of the specimens showed any signs 
of graphic formation, although the same steel had graphitized 
quite readily in previous tests—see Repeatedly Arc-Welded 
Specimens—within less than one thousand hours when it had 
been multiple-welded. From this the deduction seems to be 
warranted that a .stress of 10,000 psi at 950 F is less effective 
in inducing graphitization than heating and cooling through the 
Ai temperature. 
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TABLE 7 


T««ts with Chroffliwm—Stabilized CMo Steel 


Oeex. with T'ype Pott Hoot- Graphito aftor 


Spec. 

Matoriol 

lb. Al/toft 

Electrode 

Preheot F 


Treatment 

840 hr 

3000 hr 

6000 hr 

iX 

Plote "XU ' 

.45 

Standard CMo 

250 


1)50 F/Fc« 

none 

none 

none 

IZ 

Plate •■X-4" 

.45 

Standard CMo 

250 


1700 F/Fce 

none 

none 

none 

IGN 

Plate “XU" 

.45 

Special CMo+Cr 

400 


1700 F/Air 

none 

none 

none 

)GND 

Plote “XU" 

.45 

Special CMa-j-Cr 

400 


1700 F/Air+ 

none 

none 

none 







1250 F/Fce 











McOuoid'Ehn 



C 

Mn Si 

P S 

Cr 

Me 

Groin Size Normality 

llluttration 

Plote .26 

.56 .32 

— — 

.69 

.46 

4-5 (some 2) Norm. (T)rpe 1} 

Fig. 72 


TABLE t 

Creep Tests with Specimens from Upset End of Service Pipe "S“ 

After Voriout Heat Treatments 

Creep 


Spec. 

Condition 

Temp. F 

Stress, p.s.i. 


Dvrolion, hr 

% in 100,000 hr 

GrophHo 

269-1 

As-Received 

950 

10,000 


2380 

.9 

none 

269-2 

As-Rec. + 1700 F/Air 

950 

10,000 


2250 

1.2 

none 

269-3 

As-Rec. + 30 hr at 1300 F 

950 

10,000 


2450 

.6 

none 

269-4 

As-Rec -f hr at 

2200 F/Fce. 

950 

10,000 


2000 

.2 

none 

269-5 

As-Rec + 2200 F/Fce + 

30 hrs at 1300 F 

950 

10,000 


2010 

.9 

none 

269-6 

As-Rec 4- 1700 F /Air + 

30 hrs at 1300 F 

950 

10,000 


2020 

1.5 

none 


C Mn Si 

P 

s 

Mo 

Crain Size 

MeOuaid'Ehn 

Normality 

tWwsfrotion 

Service Pipe "S“ 

.15 .55 .16 

.012 

.026 

.54 

8 

Abn. (Type U/lll) 

Fi«. 16 


TABLE 9 

Creep Tests with Arc*Welded Intermediate Type of CMo^eel 
with Various Post Weld Treatments 
Temp. 1000 F—Stress 5000 p4.I. 



Post Wehf Trootmonf 

Weld. Cycles 

Ourofion 

Creep 

GraphHe* 


Spec. 

Center WeW 

Shoulder Weld 

ot Shoulders 

of Test hr 

% In 100,000 hr 

At Center Weld At Shoulder Weld 

270-1 

3 hr. at 1050 F 

As-Welded 

1 

3660 

1.5 

none 

none 

270-2 

1 hr. at 1150 F 

As-Welded 

4 

5520 

1.5 

none 

mile 

270-3 

1 hr. at 1250 F 

As-Welded 

3 

3580 

1.0 

none 

Btrie 

270-4 

1 hr. at 1400 F 

As-Welded 

2 

3650 

2.5 

none 

mile 

270-5 

1700 F/Air-f 

1 hr. at 1150 F 

As-Welded 

1 

4140 

1.5 

none 

none 

* See nhnlrallon, Rg. 67. 



V, 










McQueid-Ehii 


Moteriot 

C 

Mn Si 

P 

5 Mo 

Grain Size 

Normality 

llhtiraffaa 

Plate “X-r 

.18 

.75 .23 

.012 

.024 .43 

7-8 

Abnormal (Type 11-3) 

Fig. 68 
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Oraphitization Behavior of an Arc>Welded Intermedi¬ 
ate Type of Carbon-Molybdenum Steel with 
Various Post-Weld Treatments, during 
Creep Tests at 1000 P 

The creep tests subsequently described were designed as 
graphitization tests for the purpose of studying the behavior 
of an intermediate type of carbon-molybdenum steel which had 
received in the deoxidation practice 0.5 lb aluminum per ton 
t)f melt plus some addition of a similarly effective deoxidizer. 
In the McQuaid-Ehn test, this steel displayed a fine grain size 
and a medium degree of abnormality. Attempts to graphitize this 
steel after repeated arc-welding had been unsuccessful. To 
explore its grapliitizing sensitivity in more detail, the following 
tests were made: 

A normalized IS in. plate of the steel was cut into two 
hah’es and the latter welded together, using a 400 F preheat 
and standard carbon-molvbdenum steel electrodes. The welded 
plate was then cut into five transverse weld sections which were 
given the following post-weld treatments. 

No. 1 — Stress — Relieved 3 hours at 1050 F and Furnace Cooled 

No. 2 — .Stress — Relieved 1 hour at 1150 F and Furnace Cooled 

No. 3 — Stress •- Relieved 1 hour at 1250 F and Furnace Cooled 

No. 4 — Stress — Relieved 1 hour at HOOF and Furnace Cooled 

No. 5 — Normalized (1 hour) at 1700 F and Drawn 1 hour at 
1150 F, followed by furnace cooling 

Test specimens were then cut from these heat-treated weld 
sections and rough-macliined to creep coupon dimensions with 
the weld located in the center of the gauge length. However, 
the shoulders between the gauge length and the threaded ends 
were also machined to the same diameter as the gauge length 
section and then built up with weld metal, using standard 
carl)on-molybdenum steel electrodes, as follows: 


No. I — Shoulden replaced with weld metal. once 

No. 2 — “ “ “ *' . 4 times 

No. 3 — " “ “ “ “ . 3 times 

No. 4 — “ “ " “ “ . 2 times 

No. 5 — “ ** “ “ “ . once 


The welding of the shoulders was carried out with the 
specimens partially immersed in water. Tlie coupons were then 
finish-machined. 

Thus, each specimen contained in the center of gauge length 
a weld stress-relieved in the indicated way and at each shoulder 
the weld-affected zone from one or several superimposed beads 
in the unstress-relieved condition. 

A summary of the test program, together with the results 
obtained, is given in Table 9. It will be noted that graphite 
was found only in the unstress-relieved heat-affected zones of 
those shoulder welds which had been made with repeated weld 
metal deposit.s. The heat affected zone of the welds in the 
center of the gauge length as well a.s the weld-unaffected 
metal of all specimens was found totally free from graphite. 

The graphite in the affected specimens was located in the 
low-temperature end of the weld-affected zones and occurred 
as scattered small nodules which were few in number and did 
not permit safe quantitative appraisal (see Fig. 67). However, 
the impression prevailed that the nodules were slightly more 
numerous in specimens Nos. 2 and 3 which had been welded 
at the shoulders four and three times, respectis-ely, than in 
specimen No. 4 which had been welded only twice. 

The results of these tests demonstrate that the intermediate 
type of steel which may be quite resistant to graphitization 
under conditions when the totally abnormal high-aluminum* 
deoxidized steel graphitizes readily, may form graphite under 
particularly favorable circumstances. It is also apparent that 
repeated superimposed welding as well as tl\e presence of crit¬ 
ical stresses may promote graphitization quite effectively. The 


conclusion seems to be warranted that a suitable preheat and 
stress relieving treatment may effectively retard graphitization 
or prevent it entirely under certain favorable conditions with 
certain steels. 

CONCLUSION 

The service behavior of the materials and the results of the 
described laboratory tests led to the following conclusions: 

Low Carbon Steel: . 

1 Abnormal low-carbon steel with normal heat treatments 
graphitizes in a random arrangement in the obser\ed tempera¬ 
ture range of 850 to 1020 F with reasonable stress. 

2 Normal low-carbon steel under identical conditions for 8K 
years at 1020 F was found free of graphite in both the weld- 
affected zone and in the weld-unaffected metal. 

3 Welding abnormal steel produces little if any localized 
or preferential effect, that is, the heat-affected zone of welds 
shows no more graphitization than the heat-unaffected metal. 

4 Carbon steel weld metal has graphitized in some cases, 
in other cases it has not. 

Low C.xrbon-Molybdenum Steel; 

5 Abnormal and normal carbon-molybdenum steels show 
slight, if any, graphite after 5J4 years’ service at 935 to 950 F 
and shorter periods, four years at 1050 F, except in such cases 
where the abnormal steel has been subject to heating and cool¬ 
ing either by welding or other heat application through the 
lower critical range. 

6 The abow means that molybdenum exerts a very definite 
resistance to graphitization. 

7 Abnormal carbon-molybdenum steels in general, when 
subjected to tlie heating and cooling operation referred to in 
No. 5, graphitize in servic-e at temperatures as low as 915 F. 
They can be graphitized in the laboratory within a thousand 
hours at 1000 F. 

8 Repeated applications of the heating and cooling cycle 
through the A, transformation promote graphite formation in a 
given time at the subcrilical temperature of 1000 F. 

9 Increased rates of heating and cooling appear to favor 
the formation of chain graphite. 

10 Slightly ahnonnal carbon-molyhdenuin steel which has 
been subject to the heating and cooling cycle has shown slight 
graphitization in ser\’ice at 950 to 975 F. In the laboratory, the 
repeated application of the heating cycle under quick cooling 
has developed graphite after ^500 hours at 1000 F at an 
applied .stress of 5lX)0 psi. 

11 Normal carbi)n-molybdeniim .steel which has been sub¬ 
ject to the heating cvcle is not found graphitized in service at 
temperatures up to 975 to 990 F and in the same pipe line in 
which abnormal oarbon-molyl)deinim steel has graphitized 
severely. 

12 Nonnal carbon-molvbdcniim steel subjected to repeated 
heating c*ycle.s in the laboratory has not developed graphite 
after 6000 hours at 1000 F. 

13 Carbon-molvbdenum weld metal, although abnormal in 
a McQuaid-Ehn test, has been found free of graphite. 

14 The McQuaid-Ehn test has proven to a valuable 
criterion of the graphitizing tendency of carbon and carbon- 
molybdenum steel. 

On the h;iSis of the studies made, it is recommended that 
coarse-grained normal carbon-molybdenum steel with an addi¬ 
tion of .4 to .6 per cent chromium be used for high-temperature 
steam plant application because of the greater stability of the 
carbide phase in these normal steels as compared to similar 
steels showing abnormality on the McQuaid-Ehn. test. 
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Fig. 1—McQuaid-Ehn Case of Steel K-20 
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X iOO X 500 

Fig. 4—Microstructure of Carbon Steel Tube Ti After 8*/4 Years' Service at 1000 to 1020° F. 



X 100 X500 

Fig. 5—McQuaid-Ehn Case of Carbon Steel Tube Ti 



Fig. 6—Microstructure of Weld Metal Joining Tubes Ti and Tt After 8V4 Years' Service at 1000 to 1020° F. 
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X500 

Fig. 7 Micro«truchire oi Carbon Steel Tube T* After 8*/* Years' 
Service at 1000 to 1020° F. 


X 500 

Fig. 10—Microetructure of Carbon Steel Tube T* After Years' 
Service at 1000 to 1020° F. 


X 100 

Fig. 8—McQuaid-Ehn Case of Tube Ti 


X 100 

Fig. 11—McQuaid'Ebn Case of Tube T| 
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X 500 


Fig. 9—McQuaid-Ehn Case of Tube Tj 


Fig. 12—McQuaid'Ebn Case of Tube Tt 
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Fig. 13—McQuaid’Elin Case of Carbon Steel "B' 



Fig. 15—Microstiuctuie of Weld-Unaffected Metal of Steel After 12 Years' Service at 850'^ F. 
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Fig. 16—McQuaid-Ehn Case of Service Pipe "S' 


X 1000 

Fig. 17—^High-Temperature Weld-Affected Zone of Ui>set Part of Pipe "S" After 5^/s Years' Service at 930 to 950° 1 


X 100 X 1000 

Fig. 18—Low-Temperature Weld-Affected Zone of Upset Part of Pipe "S" After S’/s Years' Service at 930to9S0' F. 
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Fig. 19—Weld-Unaffected Upset Part of Pipe "S" After 5V» Years' Service at 930 to 950° F, 



ig. 20—Forge-Splieroidized Transition Zone from Upset to Non-Upset Part of Pipe "S" After S'/t Years' Service 

at 930 to 950° F. 



X 100 X 1000 


Fig. 21—Forge Heat-Unaffected Non-Upset Part of Pipe "S" After 5*/* Years' Service at 930 to 950° F. 
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X 500 
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Fig. 23—Low-Temperature Weld-AHected Upset Part of Pipe "F*' After 4V* Years' Service at 910° F, 


X 100 X 1000 

Fig. 24—Weld-Unaffected Upset Part of Pipe "F" After 4 '/% Years' Service at 910° F. 

WELDING RESEARCH SUPPLEMENT 





j>S 










[ili] 





:d 







X500 

Fig. 30—Low-Temperature Weld-Affected Zone of Pipe "K" After 2 Years' Service at 975® F. 



X 100 



X500 


Fig. 31 Weld-Unaffected Metal of Pipe "K" After 2.Years' Service at 975° F. 
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Fig. 32—McQuaid-Ehn Case of Pipe DA 


X 100 X 1000 

Fig. 33—Weld-Unaffected Metal of Pipe "DA" After 4 Years' Service at 950° F. with Six Daily Swings Up to 990° F 


Fig. 34—McQuaid-EIhn Case of Header "SH" 
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X 100 

fig* —Low'Temperatture Weld-AHected Zone of Header "SH" 

after 5Vt Yeare* Service at 935 to 950° F. 



X 100 

Fig. 36—Weld-Unaffected Metal of Header "SH" After S'/iTeui' 
Service at 935 to 950° F. 



Fig. 37—McQuaid-Ehn Case of Header "CG" 



Fig. 38—Microstructure of Tube TMi After 4Vt Years' Service at Fig, 39—McQuaid-Ehn Case oi Tube Tbi 

1050° F. 
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X500 


Rg. 40—McQuaid-Ehn Case of Tube TMi 


Fig. 41—Microetruchire of Tube TMt After 3Vt Years' Service at 
1050 of 1070^ F. 



X 100 

Fig. 42—^McQuaid'Ehn Case of Tube TMi 



X 500 

Fig. 43—McQuaid-Ebn Case of Tube TMi 



X 100 


X 500 


Fig. 44—McQuaid-Ehn Case of Casting "U' 
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Fig. 46—Weld-Un£dfected Metal ol Casting "U' 
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X iOO X 500 

Fig. 47—McQuaid-Ehn Case of Casting "V" 
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Fig. 45—Low-Temperature Weld-Affected Zone of Casting "U" After 5 Years' Service, of Which Over One-Half 
Was at 875-900"* F. and the Remainder at 900-950° F. with Swings Up to 980° F. 







X 1000 

9-Low-Temperature Weld-Aiiected Zone oi Casting "W" 
After 6 Years' Service at 910° F. 



X 1000 

Fig. 50—Weld-Unaffected Metal of Casting “W" After 6 Years' 
Service at 910° F. 



^g. Sl~Repeatedly Arc-Welded Specimen irom Service Pipe "S," Forge-Spheroidized Zone as Received 
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Specimen E after 3000 hr.; X 1000 




Fig. 52—Repeatedly Arc-Welded Specimen from Service Pipe “S," Upset End Normalized at 1650® F. 
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Fig. 53—Repeatedly Arc-Welded Specimen from Service Pipe "S/' Forge-Spheroidized Zone Normalized 

at 1650° F. 
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Specimen G after 030 hr.; X 1000 


« 


^ \ 




7 ' 

fy 


\ 



< \ 

% 

A-- ^ 

V er'l 


■c'' 


Specimen G after 3000 hr.; X 1000 
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Fig. 54—Repeatedly Arc-Welded Specimen from Service Pipe "S," Upset End as Received 
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Specimen H after 830 hr.; X 1000 Specimen H after 300 hr.; X 1000 

Fig. 5S—^Repeatedly Arc-W^ded Specimen irom Service Pipe "S4/7/' Forge-Spheroidized Zone Normalized 

at 1700° F. 



Specimen 2 after 840 hr.; X 1000 Specimen 2 after 3000 hr.; X 1000 

Fig. 56—Repeatedly Spot-Weld-Heated Specimen (20 Weld. Cycles) from Service Pipe '^/7/' Forge-Spher. 

Zone Normalized at 16^° F. 
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specimen 4 after 840 hr.; X 1000 Specimen 4 after 3000 hr.; X 1000 

Fig. 57—Repeatedly Spot-Weld-Heated Specimen (10 Weld. Cycles) from Service Pipe "S4/7/' Forge-Spher. 

Zone Normalized at 16^° F. 


1948 


ORAPHITIZATION OF LOW-CARBON AND LOW-CARBON-MOLYBDENUM STEELS 


113-8 







specimen 6 alter 840 hr.; X 1000 Specimen 6 alter 3000 hr.; X 1000 


Fig. 58—Repeatedly Spot-Weld-Heated Specimen (10 Weld. Cycles) from Service Pipe "S4/7." Forge-Spher. 

^ne Normalized at 16%° F. 



Specimen 7 after 1000 hr.; X 1000 Specimen 7 alter 3000 hr.; X 1000 

Fig. 59—Single Spot Weld, Stress-Relieved, withlSpecimen from Service Pipe ‘'S4/7," Upset End Normalized at 

1700° F. 



Specimen 10 alter 2050 hr.; X 1000 Specimen 10 alter 3000 hr.; X 1000 

Fig. 60—Single Spot Weld, As-Welded, with Specimen from Service Pipe "S4/7," Upset End Normalized a! 

1700° F. 
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Fig. 61—MacroEtched Section Through Disc with Spot Weld-Fused and Chilled Core 



Fig. 62—Transition Zone from Heat-AHected to Heat-Unediected Metal or Disc with Spot-Weld Fused Core 
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Fig. 63—Low-Temperatuxe-Heat-Afiected Zone of Disc with Spot- Fig. 64—Low>Temperatuie-Heat-Afiecte<l Zone of Disc with Spot- 
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Weld Fused Core, Prepared from Experimental Plate "Z-Z* 


Weld-Fused Core, Prepared from Service Pipe "S4/7," Upset! 
as Received 
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Specimen A1400 alter 6000 hr.; X 500 

Fig. 65—SpecuneniroizL]ServicePipe "S4/7" (Upset End Normalized at 1650° F,), Water-Quenched from 1400°] 
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Specimen A1300 after 6000 hr.; X 500 

Fig. 66—Specimen from Service Pipe **S4/7" (Upset End Normalized at 1650° F.), Water-Quenched frmn 1300® 





X 1000 

Fig. 67—Low-Temperature-Weld-Affected Zone in Shoulder Weld of Creep Test Specimen 270-2 
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Fig. 70—McQuedd-Elin Case of Service Pip>e "S4/7" 
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Fig. 71—McQuaid-Ehn Case of Experimental Plate ‘'X-3' 


Fig. 72—McQuaid-Ehn Case of Experimental Plate "X-4' 


Fig. 73—McQuaid-Ehn Case of Experimental Plate '^X-5" 
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APPENDIX A 

CREEP DATA ON MATERIAL K-20 

By F. H. NORTON.* 


Accuracy of Temperature MsASUREAfENT 

At the completion of the test the three thermocouples were 
re-calibrated and were found to be within ± 3/5 F of the 
original calibrations. 

The furnace and specimen were kept within an average of 
± 1 F or less of the main temperature. On rare occasions the 
deviation was ±3F maximum. 


Extension 

The total extension over the 10 in. gauge length was approxi¬ 
mately X in. 

The elongation in inches per inch, at 1000-hour intervals, is 
gtven in Table U and plotted in curve Fig. 1. 

TABLE II 


CONTINXnTY OF TeST 


Specimen No. 224-1 


850F-7500psi 


The electric current was interrupted 17 times during the 
test. Nearly all of these occasions were due to circumstances 
beyond our control such as power failure at source or failure 
in some part of the system which required shutting down our 
branch in order to make repairs. 

At 65,707 hours the furnace was shut off and allowed to 
cool completely with the load still on the specimen. This had 
to be done berause of the fact that the weight pan was nearly 
touching the floor. The load was then shifted entirely to the 
beam. This was done simultaneously by several people. The 
furnace was then started up again with the load on the speci¬ 
men and the test resumed. The record of interruptions b listed 
in Table I. 


9.024 Ixnm 
10,152 houn 
11,232 houn 
11,496 houn 
12,384 houn 
12,982 houn 
14,088 houn 
15,720 houn 
15,744 houn 
16,104 houn 
16,324 houn 
80.448 houn 
24,936 houn 
38,543 houn 
43,967 houn 
49,892 houn 
65.707 houn 
75,237 houn 


TABLE I 

Power Interruptions 

TeraperatuK low — broken fee bulb 
Power off 

Changed from AC to DC (momentary lapse) 

Power off — 10 mhiutes 

Power off — 4 minutes 

Power off — 1 hour 

Power off 15 minutes 

Changed back to AC (momentary lapse) 

Power off 15 minutes 

Power off 2 minutes 

Power off 8 minutes 

Power off 15 minutes 

Power off 10 nrinutes 

Power off 10 minutes 

Power off 4 houn 

Power off 12 minutes 

Power off overnight to change load to beam 
Test Ended 


Ootm 

laeAes per Inch 

Houn 

Inches per Inch 

0 

4003 

39.017 

4228 

1008 

4021 



2016 

.0030 


.0237 

3000 

.0036 

42,018 

.0242 

4008 

.0042 

43,007 

.0247 

5016 

.0048 

44.010 

.0251 


.0053 

45,020 

.0256 

7008 

4059 


.0260 

8016 

.0064 

47.012 

.0265 


• 4069 


.0270 

10,008 

.0074 


.0274 

11,016 

.0080 

50,012 

4278 


.0085 

51,020 

.0282 


.0091 

52.004 

.0287 


.0096 

53,013 

.0291 


.0102 

54.021 

.0295 


.0108 

55.005 

.0299 


.0113 

56,013 



.0118 

57.021 



.0124 



20,011 

.0129 


.0313 

21.000 

.0135 


.0317 

22,008 

.0140 


4320 

23.010 

.0146 

62,008 

.0324 

24.000 

.0151 

63.001 

.0327 

25,008 

.0157 

64.009 


26.016 

.0163 


.0334 

27.000 

.0168 


.0337 

28.008 

.0173 


.0341 

29.016 

.0178 


.0346 

30.000 

.0183 

69.019 


31.008 

.0188 



32,016 

.0193 


.0359 

33.000 

.0198 


.0363 

34.008 

.0204 


.0367 

3.5.040 

.0209 


.0372 

36.023 

.0214 

75.023 

.0376 

37,002 

.0218 

75,237 


38,010 

.0223 

FINAL 


* Professor of Metallurgy,,Massadiusetts Irutitute of Technology, Cam¬ 
bridge, Mass. 



O 10 20 30 40 SO 60 . 70 80 

TIME , THOUSANDS OF HOURS 
Fig. lA—^Appendix A. Material K-20. 850 F. 7500 Psi. 
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Correction Literature 
Review 

W E quote from a letter received from Dr, J. W. 

Shields, Secretary A.S.M.E. Boiler Code 
Committee, Dec. 5, 1944. 

“I wish to call your attention to a table appearing in 
an article entitled. Behavior of Welded Joints at Low 
Temperatures, published in the February 1944 issue of 
The Welding Journai-, which table appears to be con¬ 
trary to the latest A.S.M.E. Code requirements for im¬ 
pact tests. 

“Under the Code' impact tests on materials to be used 
in pressure vessels are required only for those vessels 
which are to be operated at temperatures of —20° F. 
and below. At present there are no requirements in the 
Code for impact testing of materials to be used in con¬ 
structions for temperatures of —20° F. and above. 

"Par. U-I42 of the Unfired Pressure Vessel Code speci¬ 
fies that impact tests shall be run at the lowest tempera¬ 


ture to which containers may be subjected during the 
operating cycle, and the same paragraph tabulates the 
minimum impact values in foot-pounds at the minimum 
operating temperatures that are required, for both the 
Charpy and Izod tests, 

"It happens that the values listed in tlie table in the 
above referred-to article in The Welding Journal arc 
identical with these given for both the Charpy and Izod 
tests for a temperature of 0 to — 75° F. 

For the benefit of our readers we reproduce the latest 
provision of Par. 142 of the Code in regard to impact val¬ 
ues at low temperatures. 


Min. Impact Value, Ft.-Lb. at 
Min. Operating Temperature?. 


Specimen Dimension 

Charpy 

Irod 

10 X 10 mm. 

15 

18 

10 X 7.5 mm. 

12.5 

15 

10 X 4.5 mm. 

10 

U> 

10X2 5 mm. 

5 
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Discussions on 
"Some Observations on 
the Welding of 
Manganese Steels"’ 

By Robert D. Stout^ 

T he authors of this paper have shown a clear ap¬ 
preciation of the problems involved in the welding 
of hardenable steels. The data which are pre¬ 
sented are a useful addition to our limited information on 
the subject. Particularly valuable is their analysis of 
the strength factors and hardenability factors of each 
alloying element as a guide in choosing alloy compositions 
with a maximum ratio of tensile strength to harden¬ 
ability. 

The work at Lehigh had shown that low hardenability 
steels are less amenable to accurate prediction of heated 
zone than deeper hardening steels. However, it occurs 
to the writer that some of the difficulties experienced by 
Uie authors may be traced to other sources. 

Examination of many hundreds of welds has shown 
that the determination of maximum hardnesses in weld 
heated zones must be made with some care. The Knoop 
hardness test is attractive because of the minute impres¬ 
sion which allows the hardness measurement of micro- 
constituents, but this is a danger as well as an advantage. 
In a mixed structure, the average hardness is more sig¬ 
nificant to ductility than that of martensite islands. 
Thus it has been found necessary to average the results 
from six to eight impressions properly located rather than 
to choose the maximum reading from a line survey. This 
point will be raised again in connection with the Jominy 
data. 

The Jominy L-bar appears to offer a suitable means of 
testing shallow-hardening steels. The peculiar geometry 
of this specimen, on the other hand, requires close adher¬ 
ence to standard dimensions and testing procedure, if 
the cooling rate at a given distance is to coincide with the 
values published by Jominy. The specimen obtained 
from the ’/g-in. plate will have a lower mass and a differ¬ 
ent wall thickness or radius of ciuvature and therefore 
must be recalibrated with respect to cooling rates. Also 
in the region of the tapered wall the cooling rate is not 
independent of the depth of the flat on which hardness 
testing is conducted. Heat treatment of the Jominy bar 
at 1800° F. raises the question of correcting for grain size 
differences. The use of 2100° F. at Lehigh was based on 
the fact that nearly all steels have exceeded the coarsen¬ 
ing temperature above 2000° F. 

The writer was somewhat concerned about the use of 
the Rockwell A scale for Jominy tests followed by con¬ 
version to other hardness scales. Conversion of hardness 
is not yet a precise operation. A 60-kg. load produces an 
impression which is an average measure of the hardness 
of the microconstituents in that area. Thus the maxi¬ 
mum heated zone hardnesses as measured by the Knoop 
indenter, with its ability to single out hard martensite 
islands, may well be expected to fall above the predicted 
values based on Rockwell A measurements. This is con¬ 
firmed by Fig. 10 of the paper. Figure 2 of the paper 
showing the location of the hardness specimen 1 in. from 

* Paper by Brooks and Waggoner published in the October 1944 issue of 
Thb Weldisc. Journal. Research Supplement, 
t Lehigh University. 


the weld start indicates that steady state heat flow con¬ 
ditions may not have been established. This would also 
raise hardnesses. In tests of more than 40 steels, using 
the Vickers test for both Jominy and heated zone hard¬ 
nesses, it was found that the scatter between observed 
and predicted Values was balanced equally on the high 
and low sides. As the authors state, deviations become 
larger with low hardenability steels. 

The authors of the papier very properly jxiint out that 
ductility is not solely a function of hardness. Each heat 
of steel has its own characteristics, and thus hardness 
cannot serve alone as a criterion of weldability. 

It is the conclusion, therefore, of the writer that the 
data of this papier are not necessarily in conflict with pre¬ 
viously published results. 

By Gilbert E. Doan* 

4 

This is a valuable papier based on the fundamental 
concepts involved. Espiedally the plotting of tensile 
stren^h multiplying factor against hardenability multi¬ 
plying factor is significant. It reveals the desirability of 
various alloying elements where the structure is to be 
welded, and where strength is sought Without harden¬ 
ability. This should become a standard method of ap¬ 
praising alloying elements for this purpose. 


By Geo. F. Comstockt 

The comparable data presented by Messrs. Brooks 
and Waggoner in this paper, derived from different meth¬ 
ods of testing plate steel for hardenability and 

weldability, are of great interest and value. The con¬ 
clusions they have drawn from these data seem well 
taken in general, although the restriction they have called 
for in the manganese content seems unduly severe and 
somewhat op)en to criticism. It is evident, of course, 
that the higher carbon or higher manganese steels 373, 
689, 100, 385 and 972, with carbon above 0.17% or man¬ 
ganese above 1.3%, gave consistently inferior results in 
regard to weld hardenability and bending, but there is 
little if any evidence that the other steels would have 
been improved in weld ductility, or resistance to cracking, 
by lower manganese. A maximum manganese limit of 
1.3 or perhaps 1.2% would seem more reasonable, from 
the data rep>orted in this paper, than the values of 1.1%, 
or “well below 1.0%,” mentioned in the conclusions. 

Evidence is gradually accumulating in certain labora¬ 
tories that the accepted hardenability factors for man¬ 
ganese may be too high, especially for contents below 
1.5%. It may be noted in Table 3 of this paper that in 
only 6 out of 13 comparisons is the calculated harden¬ 
ability value at variance with the determined value by 
more than 0.4 in., and 3 of these 6 instances occur in the 3 
higher manganese steels. This suggests that too high a 
hardenability factor may have been used for manganese 
in the calculations, and with a lower manganese factor, 
the general correlation of calculated and actual harden¬ 
ability would probably have been much better. Perhaps, 
therefore, the authors are placing too much emphasis on 
the theoretically large effect of manganese on harden¬ 
ability. 

The comparison of heats 361 and 621, with similar 
hardenability curves but different weld ductilities, is 
interesting, and illustrates the complexity of weldability 
studies of alloy steels. Might not the fact that the tin 
content of No. 361 was twice that of No. 621 have had an 

• Lehigh University. 

t Chief Metallurgist, The Titanium Alloy Mfg. Co. 
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Rg. 1—Relation of Notch Weld Ductility to End>Quench 
Haidenabiliy in Various High*Stxen^ Plate Steels 


important bearing on the relative ductilities in bending? 

The authors’ experience mth Jominy tests, in finding 
a lack of correlation with weld ductility, is supported by 
some work recently carried out in our Research Labora¬ 
tory on 25 high-streng^ plate steels. Our results, plotted 
in Fig. 1 herewith, were obtained with '/rin. diameter 
Jominy bars quenched from 2100® F. with adequate pre¬ 
cautions against scaling, and using a Vi-in. water jet. 
The Jominy distance was recorded to the point of inflec¬ 
tion of the hardenability curve, instead of to an arbitrary 
hardness value. The weld bead specimens were prepared 
in the usual way under constant conditions, and a 45® 
V-notch was cut in each one so that the apex was tangent 
to the fused zone. The bend specimens were */« in. 
thick, and the bends were made slowly with the notch 
in tension on supports 3 in. apart. The deflection, in¬ 
stead of bend angle, was measured at maximum load or 
when cracking started. 

The results plotted in Fig. 1 are scattered much like 
those in the authors’ Fig. 11. Although the higher de¬ 
flections are obtained only in steels of low hardenability, 
lower deflections were found in steels of both low and 
high hardenability. The correlation of hardenability 
with weld hardening is better in our experience, as indi¬ 
cated by Fig. 2. The hardness values plotted here repre¬ 
sent the difference in Rockwell A readings between the 
zone of maximum hardness just under the weld bead, and 
the hardness of the plate not welded, at the same dis¬ 
tance below the surface. It is evident from Figs. 1 and 2 
that our weld hardness and bend tests are not in very 
good agreement, and this may very likely be due to the 
larger area covered by the Rockwell impression as com¬ 
pared with the Knoop indenter which the authors prefer. 
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Fig. 2—Relation of Weld Hardening to End-Quench Hardenability 
in Various High-Strength Plate Steels 


Since ductility, however, is of more direct practical value 
than hardness as an indication of the us^ulness or sta¬ 
bility of a structiu-al weld, it wopld seem that the notch 
bend test might be a better one to rely on for welds than 
any kind of hardness measurement. 

Although the authors’ new steel. No. 421, met the 
expectations from its composition as to hardenability, it 
seems to be disappointing in regard to weld ductility and 
notch toughness. This certainly does not support the 
authors’ contention that low manganese gives go^ weld¬ 
ability. The high silicon content of steel 421 is probably 
one reason for the poor notch toughness, and may very 
likely have contributed to the low weld ductility also. 
According to our experience, manganese is preferable to 
silicon as a strengthening addition to steel where high 
impact values are desired, and more caution should be 
used in substituting silicon for manganese merely to de¬ 
crease the hardenability. 


Authors' Reply 

With reference to the comments by Dr. Stout, it is 
gratifying to learn the results are in agreement with the 
data obtained by other investigators in work on steels of 
low hardenability. Nevertheless, in connection wdth a 
possible source of error the authors have found in the use 
of the Knoop diamond indenter under conditions in which 
the grain size does not exceed A.S.T.M. No. 3 and the 
load on the Knoop machine is at least 1 kg. that it is prac¬ 
tically impossible in the steels examined to obtain a 
hardness indentation which does not cross at least two 
grain boundaries. Under these conditions it is felt that 
the hardness figures reported are an accurate index of the 
material involved. 

Admittedly there is a certain amount of error involved 
in the conversion of hardness values from the Rockwell 
A scale to the other scales. Nevertheless the authors be¬ 
lieve that the error is not appreciable for the following 
reasons: Examination of the microstructme of several 
Jominy specimens revealed, in many instances, structure 
similar to that found beneath the weld bead was found to 
be much nearer to the end of the Jominy bar than pre¬ 
dicted. Also, as stated previously, under the conditions 
in which the Knoop tester was used it is believed that the 
difference in predicted versus actual maximum hardness 
values is much greater than any probable error in Elnoop 
hardness readings. 

In connection with Dr. Comstock’s comments as pre¬ 
sented by Mr. Louis, the authors suggest a low manga¬ 
nese content for the reason that manganese adds drastic^y 
to the hardenability of the steel without a commensurate 
increase in strength. Unlike chromium there are few 
data in the literature to indicate any appreciable increase 
in toughness with increasing manganese content. On 
the basis of the strength and hardenability factors now 
available for manganese it would seem that a revision of 
considerable magnitude on the hardenability factors 
would be required to remove this objection. 

Additional experiments on Heats 361 and 621 have 
shown that a distinct separation of the Jominy curves 
may be obtained if the bars are heated in the range of 
2400® F. The exact temperature at which this separa¬ 
tion occurs has not been determined although similar ex¬ 
periments at 2100® F. did not produce any appreciable 
separation of the curves. These experiments tend to 
confirm the suggestion of a high-temperature solubility 
product rather than the difference in tin content. In adl 
tests made on these two heats the Knoop hardness 
curves were distinctly different. 

The selection of silicon for the new steel was based oc 
several reasons. The strength-hardenability ratio is gcxxi 
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for this element, and, like manganese, silicon is not a cri¬ 
tical element. While the sted may be classified as a 
silicon steel, the specification shows that the silicon con¬ 
tent is balanced to a large extent by the manganese. 
This balance was maintained deliberately in order to 
promote toughness and ductility. It is felt that the low 
weld ductility exhibited by the bend specimens is simply 
added confirmation of the available data in the literature 
on the low ductility of the “Widmanstatten” micro¬ 


structure. Since this structure normally occurs at a 
much lower cooling rate, i.e., an overheated gas weld, 
the possibility is recognized that the hardenability of 
Heat 421 may be too low for welding under the conditions 
presented. The Jominy curve shows that the harden¬ 
ability of the steel as revealed by that test is considerably 
less than ordinary ship steel (Heat 101). 

The authors wish to thank Dr. Stout and Dr. Com¬ 
stock for their generous discussions of this paper. 


Intergranular Corrosion of Stainless 

Steel Welds' 

By Wm. T. Tiffint 


S usceptibility of weld metal of chromium- 
nickel composition to intergranular separation or 
corrosion is generally well known and accepted. 
The separation appears to be characteristic of alloys of 
this type and is most marked at elevated temperatures. 
Observers are fairly in agreement that the characteristic 
formation is due to the precipitation of a chromium-rich 
carbide from solution and that the carbide precipitates 
from solution upon slow cooling through some tempera¬ 
ture range that is characteristic not only of the composi¬ 
tion of ^e alloy but also of the treatment to which the 
alloy was subjected before placing in service. 

X-ray analysis of chromium-nickel alloys containing 
small amoimts of carbon discloses the presence of com¬ 
plex chromium carbides and indicates that their chemical 
compositions vary from the CnC carbide to that of 
CrsC with CryCi being an intermediate composition. If 
we consider the carbide CriC, we may note Aat one part 
of carbon will require approximately seventeen parts of 
^iromium, by weight. The carbon in CryCa will require 
ten times its own weight of chromium and for CrjCa the 
ratio is six and one-h^ parts of chromium to one of car¬ 
bon. Formation of the carbide can only result in im¬ 
poverishment of the chromium content of the metal adja¬ 
cent to the carbide. It may also be theorized that the 
higher the carbon per cent in chromium-nickel weld 
metal, the more susceptible it becomes to the formation 


* Pre8eDt«d at the Twenty-Fifth Annual Meeting, A. W.S., Cleveland, Ohio, 
Oct. 16 to 19. 1944. 

t Reaearch Engineer, Engineering Experiment Station, University of Florida. 


of chromium carbides, hence more susceptible to inter¬ 
granular corrosion. 

If we consider the fundamental nature of metallic 
alloys, we may state that generally they tend to reach a 
state of zero internal energy; or a condition of internal 
equilibrium. If, to reach this condition of internal energy 
equilibrium, the natural tendency of the alloy is to dis¬ 
card any constituent from solution, retention of the con¬ 
stituent by some mechanical means will only result in an 
increase in the internally stored energy and an increase 
in the ability of the alloy to discard the unwelcome con¬ 
stituent when the most suitable conditions prevail. 
Consequently, when a metallic alloy is subjected to a 
mechanical process such as rolling or peening, energy 
other than that resulting from a rapid cool is stor^ within 
the material and its potential ability to return to a state 
of zero internal energy is increased. This reasoning is 
universally applied to the processes of recrystallization, 
annealing, normalizing or tempering. 

Susceptibility to chromium carbide precipitation may 
be decreased by lowering the carbon content or stabilizing 
the alloy with colurabiura, titanium or molybdenum. 
This stabilization is essential for the 18% chromium-8% 
nickel alloys for welding application but is not so essentiaJ 
for the 25-20 type. In this latter type, since chromium 
is completely soluble in nickel to as much as 64% chrom¬ 
ium, the increased nickel content strongly resists any 
attempt on the part of carbon to steal chromium from 
the austenitic solution. 

When unstrained weld metal deposited by means of the 



Fig. 1—Cross Section oi Fracture in 25-20 Weld Metal 
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Fig. 2—End Photograph of Fracture Showing Coluhinar Structure 


Fig. 3—Hardness Surrey Across Weld—Rockwell C 

metallic arc using electrodes of the chromium-nickel 
composition is cooled slowly through the temperature 
range of 1600 to 1100° F., precipitation of chromium 
carbides is more extensive than if the cooling period in 
this range of temperatures was short. Moreover, if the 
same weld metal had previously been severely cold 
worked, the precipitation temperature range would be 
much lower. 

Undesirable conditions that might have resulted from 
slow cooling of chromium-nickel weld metal through the 
critical temperature range may be corrected by suitable 
heat treatment. It is first necessary to homogenize the 
alloy by heating to temperatures from 1900 to 2100° F. 
and then cooling rapidly through the temperature range 
between 1600 and 1100° F. If, by this rapid cool, harden¬ 
ing of the adjacent metal is brought about, it then be¬ 


comes necessary to normalize or temper this area. The 
normalizing or tempering operation, in addition to re¬ 
lieving quenching strains and reducing the hardness, wiU 
often eflFect emulsification or spheroidization of carbides 
in the adjacent metal without affecting the austenitic 
weld metsd. 

A large southwestern public utility company recently 
installed calorized carbon-moly. tubes in the superheater 
of a 180,000 lb. of water per hour boiler. Calorized ends 
of the tubes were too brittle to roll, consequently short 
ends of chromium vanadium steel tubing were welded 
to each end of the calorized tube; 25-20 chromium- 
nickel welding electrodes were used. After 700 hours of 
service at 400 lb. boiler pressure and 750° F., failures 
occurred in two welds. Investigation disclosed that the 
failure originated in sections of the weld where had oc¬ 
curred precipitation of the chromium carbide. The in¬ 
vestigation also disclosed that the welds which failed had 
been subjected to a severe peening operation immediately 
after welding. The weld procedure adopted previous to 
the actual welding would have been entirely satisfactory 
had peening not been used. Further possibilities of 
failure where peening might be used were eliminated by 
changing the procedure to require a homogenizing heat 
treatment after all welding was completed. No further 
failures have occurred although the tubes in service at the 
time of the original failure were allowed to remain in the 
condition then prevalent. 




rig. 4—Structure of Weld Metal "in Service." 625 X 


Fig. 5—Additional Crack Originating from Fracture 
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Fi 9 .8-25-20 Weld Metal OU Quenched from 1700*' F. 625 X 


Figure 1 shows the sanded and etched cross section of 
the weld failure. The crack separation which occurred 
followed very closely the center line of the weld. Since 
this may reasonably be expected to be the last of the 
weld metal to solidify, it may also be expected to be the 
area in which cooling through the critical temperature 
range was slowest, consequently the zone of greatest car¬ 
bide precipitation. It may also be concluded that, since 
this was the last zone to solidify, any impiuities within 
the weld would tend to segregate herein. The above 
conclusion appears justified by the end-on photograph 
of the section along which fracture occurred as shown in 
Fig. 2. A hardness survey across the weld showed the 
maximum hardness variation within a distance of one- 
sixteenth of an inch to be not more than four points Rock¬ 
well C. This is illustrated in Fig. 3. A hardness survey 
made after homogenizing by heat treatment showed al¬ 
most the same hardness variation. This is partly due to 


Fig. 6—Ccntamination of Weld from Back-up. 1250 X 


Fig. 7—Small Crack Originating from Scratch in Machined 
Surface. 12^ X 


Fig. 9-25-20 Weld Metal Water Quenched from 1700° F. 


CORROSION OF STAINLESS STE£L WHiDS 




rig. 10-25-20 Weld Metal Water Quenched from 2100° F. 
1250 X 


the low carbon of the tube, 0.15%, and partly to the 
spheroidization of the carbide particles after being heat 
treated. 

A typical cross section of the weld metal of the “in- 
service” condition is shown in Fig. 4. The seeming crack 
is in reality the precipitation of chromium carbide along 
a grain boundary and had not, at the time of examination, 
developed into a crack. Where such precipitation may 
have ^eady occurred in welds in service, it does not 
always indicate that further precipitation may occur or 
that any carbide precipitation will result in subsequent 
failure. It does, however, indicate the possibility of 
failure. In the welds where failure occurred, the area 
adjacent to the fracture indicated a high percentage of 
carbide precipitation which, in many cases, had already 
resulted in the formation of small cracks. Figure 5 is a 
photograph of a crack initiating from the original crack 
along which fracture occurred. The carbide concentra¬ 
tion adjacent to one side of this crack is partictilarly 
noticeable. Additional carbide precipitation along grain 
boimdaries may also be noted. 

In order to secure good alignment of the tube ends 
during welding and to provide a back-up, inserts were 
used. These inserts were removed after welding by bor¬ 
ing and reaming. Figure 6 is a photograph of the section 
along the inner circumference of the weld and illustrates 
the absorption of foreign matter into the weld metal. 
This might be the infiltration of carbon from the back¬ 
up or it might be due to the absorption of foreign matter 
from the hot steam in the superheater tube. Figure 7 
illustrates the danger of failure due to crack formation 
resulting from a surface defect. Consequently, it may 
safely be said that where such welds are necessary, the use 
of proper back-ups and suitable machining of finished 
welds is imperative where the ultimate in reliability is 
desired. 



Tig. 11—Water Quenched from 2100° F., Air Cooled from 
1000° F. 1250 X 


To determine the efficiency of a heat treatment in the 
elimination of such carbide precipitation and inter¬ 
granular corrosion as may have occurred in the welds 
which did not fail, specimens were heated to 1700° F. 
and quenched. The structure resulting from an oil 
quench is shown in Fig. 8 and that from a water quench 
in Fig. 9. It is apparent that the top temperature was 
not sufficient to ^ect homogenization within the time 
allowed. It is also evident that the water quench pro¬ 
duced a more satisfactory structure. Consequently, 
specimens were heated to 2100° F. and quenched in 
water. The resultant structure is shown in Fig. 10. The 
only carbide segregation in the entire weld area is shown 
in t^is figure. Since the original magnification is 1250 X, 
size of tdie inclusion is practically negligible. The final 
heat treatment involved holding at 1000° F. for 15 min., 
requiring 15 min. to heat to this temperature, and allow¬ 
ing the specimen to cool in air. Figure 11 indicates the 
resulting structure. It is readily apparent that the nor¬ 
malizing treatment brought about emulsification or 
spheroidization of the carbide areas thus producing a de¬ 
sirable and stable structure. 

From the information obtained in the investigation of 
the fractured welds involved and suitably prepared test 
specimens, it is concluded that where austenitic welds are 
subjected to high temperatures and pressures, a desirable 
structure may be produced by heat treatment. The heat 
treatment should involve a quench from a suitable tem¬ 
perature which should be followed by a normalizing or 
spheroidizing treatment. Where the possibility of failure 
exists in “in-service” welds of the above type, similar 
means may be used to lessen the chances of subsequent 
failure. Moreover, where a suitable welding proc^ure 
is adopted, heat treatment may not be necessary unless 
peening of the weld metal is resorted to. 
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Hot-rolled vs. Quenched and Tempered Constructional 

Steels 

By S. A. Herres^ 


Introduction 

T he design engineer today looks with considerable 
interest toward developments in the light non- 
ferrous alloy and plastics field. He voices con¬ 
cern over service failures of a few welded steel structures. 
In the light of this interest in higher strength to weight 
ratios for many fabrication applications of the future 
and concern over past failures of welded steel structures 
designed very conservatively on a relatively low-strength 
basis, it is a good time to take stock of the possibilities 
and limitations of metal arc welding of high-strength 
constructional steel structures. , 

The primary purpose of this discussion is to develop a 
comparison between the weldability of several steels in 
various heat-treat conditions, but first it will be desirable 
to consider what weldability means and how it can be 
evaluated and specified. 

Weldability Definition 

Weldability has been variously related to the resp>onse 
of the heat-affected base metal to the weld thermal 
cycle from the point of view of hardness, ductility or sus¬ 
ceptibility to cracking during welding. Some investiga- 

* Presented at the Tventy-Fifth Annual Meeting, A.W.S., Cleveland, Ohio, 
Oct. 16 to 19. 1944. 

The statements or opinions expressed in this article are to be considered those 
of the author and do not necessarily express the views of the Ordnance Depart¬ 
ment. 

t 1st Lieutenant. Ordnance Department, Watertown Arsenal, Watertown, 
Mass. 


tors have gone so far as to work out weldability equations 
and to set limits based on the degree of hardening during 
a standard (usually single bead) welding cycle, or some¬ 
times to reproduce this hardness in a furnace heat- 
treated ' specimen and determine its ductility. Such 
methods have a certain value. At the very least when a 
given hardness range or minimum bend angle has been 
established for a certain service application, a variation 
in the results of the standard weld test is a definite indi¬ 
cation that there has been a change in the composition or 
process condition of the base metal which may have a 
significant effect on the properties of fabrication welds. 

The desire to impose a limitation of the maximum hard¬ 
ness in the weld heat-affected zone is based on the premise 
that if high hardness is developed in the heat-affected 
base metal by the weld quenching cycle, the hardened 
steel is inherently brittle and susceptible to hard (under- 
bead) cracking during or immediately after welding. 
However, at the maximum hardness obtainable in prop¬ 
erly made steel of less than about 0.30% C content, a 
very remarkable combination of strength and toughness 
actually is obtained (e.g., 0.25 C rolled plate material 
of sound steel quality and with sufficient alloy to fully 
harden in 2-in. sections, as water quenched from 1600° F. 
in test section size; tensile strength 250,000 psi., yield 
strength 225,000 psi., reduction of area 40%, V-notch 
Charpy 30 ft.-lb., Rockwell C hardness 49). It has been 
demonstrated^ that the susceptibility to underbead 
cracking of such steel is peculiar to welds made with elec¬ 
trodes having certain types of coatings and that even 
when unfavorable electrodes are used, underbead crack- 




Table 1—Basic Design Considerations 



Service Conditions 


Design Factors 


Properties of Material 

1. Static Loads 

1. 

Geometry of Structure 

1. 

Yield Strength 

(a) Magnitude 

2. 

Maximum Stress Distribution 

2. 

Toughness 

(b) Direction 


(o) Dead Weight of Structure 

3. 

Special Properties 

2. Dynamic Loads 


(b) Maximum External Static Loads 


(a) Corrosion Resistance 

(a) Magnitude 


(c) Maximum External Dynamic Loads 


(b) Wear and Abrasion Resistance 

(&) Rate of Change 


(d) Thermal Stress from Rapid Temperature Changes 


(c) Fatigue Resistance 

(c) Direction 


in Service 


(d) Strength at Elevated Tempera- 

3. Temperature 


(e) Local Geometrical Stress Concentrations 


tures 

(a) Range 


if) Residual Stresses Introduced During Fabrication 


(e) Others 

(b) Rate of Change 

3. 

Constraint Against Plastic Deformation 

4. 

Ability to Be Fabricated 

4. Special Conditions 


(a) Load Distribution 


(a) Machinability 

(a) Corrosion 


(b) Local Geometry 


(ft) Fonnability 

(6) Wear 




(c) Weldability 

(c) Others 




(d) Others 
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Tabl* 2—Weldability ol Steal for a Given Welding Procedure (Metal Arc Process}* 

Influence of Base Me^l Variables in the Production of a Serviceable Structure 
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ing may be eliminated by preheating at temperatures 
which do not significantly lower the maximum hardness of 
the heat-affected base metal. It may well be that the real 
culprit in the case against brittle weld heat-affected zones 
in low and medium carbon alloy steels is a flakelike crack 
induced by gases in the welding atmosphere, and not a 
self-embrittlement of the hardened steel. 

Thus, it appears that weldability concepts based solely 
on the hardening response of single bead sj>ecimens are 
untenable, and that ductility tests are of value only to the 
extent that they may be demonstrated, by correlation 
with service performance, to represent the service per¬ 
formance of a structure fabricated by a prescribed weld¬ 
ing procedure. 

These considerations lead to the following proposed 
definition: Weldability is the capacity of a steel to be 
fabricated by a prescribed welding proc^ure without detri¬ 
ment to its service properties By service properties is 
meant the quality ch^acteristics required for a given 
service application. This definition recognizes the rather 
complex interrelation which must exist between welding 
procedure and base metal variables and emphasizes the 
fact that the effects of the welding operation may set up 
conditions which make a steel unsuitable for one service 
application but which are not significant for some other 
type of service. 

Weldability Evaluation 

A logical concept of weldability evaluation requires an 
understanding of the backgroimd of basic design con¬ 
siderations. Table 1 shows first a list of the service 
conditions which must be known or assumed, and, sec¬ 


ond, the various design factors which must be balanced 
against the properties of economically available base ma¬ 
terials in order to obtain a structure which will stand up 
under the given service conditions. 

The me^od of fabricating a structure must be con¬ 
sidered in conjunction with the design factors from the 
standpoint of the influence on the type and location 
(geometry) of the joints between the individual members 
of the structure, and of the effect on residual stresses 
introduced into the structure as a whole during fabrica¬ 
tion. The effects of the fabrication process on the sig¬ 
nificant properties of the base material must also be 
considered. 

A great deal of information, largely qualitative ir 
nature, as to the effects of the principal base metal and 
welding procedure variables is available. Tables 2 and 
3 are the attempt of one weldability expert* to summarize 
current knowledge as to the effects of most of the impor¬ 
tant variables. 

Welding Procedure Variables 

From the foregoing discussion and a brief study 0 : 
Tables 2 and 3, it becomes evident that there is a compli¬ 
cated interrelation between base metal and welding pnv 
cedure variables which makes it necessary to ev^mte 
weldability in terms of a given set of welding procedure 
variables. Accordingly, the first step in weldabiliiy 
evaluation is establishment and prescription of weldtn: 
procediu’e variables which may affect the results and 
control of these variables within the limits of commercia 
fabrication. If no control over welding procedure exis'-- 
for a given welding application, the welding procedure 
used for evaluation should represent the worst possib>: 
conditions which might apply. In general, howe^■er 
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Tabl* 4—W«lding Procedure Factors Which Must Ba Du¬ 
plicated or Simulated for Weldability Evaluation 


Joint Design 

Mass and thickness of base metal sections 
Joint preparation including backup 
Degree of external restraint 
Number and position of weld passes 
Sequence of deposition 
Finish of joint 


Welding Technique 
Electrode 

T3rpe, grade and class 
Size—each pass 
Deposition Conditions 
Current and polarity 
Voltage 
Amperage 
Spe^ of travel 
Initial Plate Temperature 
Interpass Temperature 


Welding Sequence 

Location of weld joints 
Order of welding joints 

Post-Welding Treatment 
Heat treatment 
Thermal stress relief 
Mechanical stress relief 


commercial welding of alloy steels is a controlled process 
and it is possible to predetermine the welding conditions 
to be used for weldability evaluation tests. 

The principal welding procedure variables are brought 
under control by establishing the welding procedure fac¬ 
tors listed in Table 4. The exact values must be pre¬ 
scribed after study of the particular welding application. 
Most of the factors may be represented in a weld speci¬ 
men suitable for testing. 

Mass and thickness of base metal sections may be 
represented by testing, whenever necessary, both maxi¬ 
mum and minimum base metal thicknesses, and by 
taking a minimum leng^ of weld of 12 in. and width of 
6 in. on each side of the weld, or by using the actual di¬ 
mensions of base metal sections to be used in the welding 
application if they are less than the above values. 

The factor of external restraint usually cannot be dup¬ 
licated, it can only be simulated. There are several 
means of attaining different degrees of restraint to 
represent various structmal applications. One of the 
easiest is to weld mild steel strips of standard cross- 
sectional dimensions at either end of the test weld, as il¬ 
lustrated in Fig. 1. 

The other factors of joint design, welding technique 
and post-welding treatments can be predetermined to 
duplicate various commercial welding applications. 

The effects of welding sequence, which is an important 
factor governing the residu^ stresses introduced into the 
complete structure, obviously cannot be determined from 



Fig. 1—Method of Simulating External Restraint for Testing 
Ability to Make Cra^-Free Weld Joint with Prescribed Weld¬ 
ing Procedure. (Single-V Bevel Used for Light Gage Plates) 


a simple test weld. Knowledge of the relation of welding 
sequence to distortion occurring during welding, to 
machining stability and to magnitude of locked-up 
stresses in the completed structure must be obtained 
from full-size or scaled structures. However, valuable 
information as to the performance of base metals and 
weld joints when various degrees of residual stress are 
present in the structure can be obtained from simple 
test welds. 

Quality Characteristics Required for Structural Weldments 

The quality of a structural weldment may be d^ned 
as the degree to which it has the characteristics required 
for a given service. For ordinary structiual applications 
these requirements for the base metal and all components 
of the fabricated joints are: strength, toughness and 
soimdness. 

1. Strength. —Yield strength at an arbitrary offset 
(usually 0.1%) must equal ^e d^gn requirements for 
the intended service application. Strength increases 

‘/i X V* X 4-m. bar used as striking block. 
1 X 6 X 6-in. plate placed on top of bar to pre¬ 
vent damage to steam hammer to drop weight 


A- «' 



Supported on 6-in. span; broken with one blow of drop weight or 
steam hammer 

Fig. 2—Nick-Break Fracture Test of Weld Joint 


with decrease in temperature; hence it may be necessar}' 
to determine the strength at elevated temperatures 
when such service applications are being considered. 

Strength of base metal may be determined by standard 
round or flat plate tensile test specimens. Strength of 
weld joints may be easily determined by transverse 
tensile tests m^e on butt or overlapping fillet weld 
specimens from a test joint welded with the prescribed 
procedure. Service strength of the weld is obtained if the 
weld reinforcement is left on during testing, but for uni¬ 
formity of testing it is customary to grind the reinforce¬ 
ment on butt welds flush with ^e base metal section of 
the test bars. 

2. Toughness. —This is defined as the ability to absorb 
energy by plastic deformation. The toughness of any 
given material depends on: (1) constraint against de¬ 
formation; (2) rate at which deformation takes place; 
(3) temperature. 

The relationship between these factors had recently 
been clarified as follows:* Brittle failure occurs when 
little or no plastic deformation takes place and is due 
primarily to a small separation between the yield strength 
and the fracture strength of the imdeformed metal. 
Constraint by application of multiaxial loads or by local 
geometry serves to increase the yield strength and de¬ 
crease its separation from the fracture strength. De¬ 
creasing the temperatime and increasing the rate of de- 
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formation are equivalent in their effects and serve to 
decrease the separation between the yield strength and 
the fracture strength of the imdeformed metal. 

It is readily recognized that every fabricated structure 
must be capable of some slight plastic deformation to 
distribute load among the imperfectly matched members 
of the structure. Residual stresses present in the fabri¬ 
cated structure may also cause local stresses in excess of 
the yield strength of the metal at external loads consider¬ 
ably below the design strength of the structure. If the 
base metal and weld joint are able to plastically deform 
under the conditions of geometrical constraint, rate of 
loading and temperature at time of loading, the residual 
stresses are harmlessly dissipated; if not, failure occurs. 

The needed deformation for the above pinposes is on 
too small a scale for any practical determination in ordi¬ 
nary tensile testing, and it has been proved time and 
again that a “taffy-like” behavior in a tensile bar is no 
guarantee of simil ar behavior in metal which must de¬ 
form under conditions of complex stress application.^ 
Fiuther, if an attempt is made to judge ductility in a 
composite tensile or bend test of a weld joint it is very 
likely that necking will occur in the material of lowest 
elastic strength without revealing any information about 
other components of the weld joint. 

It must now be admitted that no standard quantitative 
test for toughness in a weld joint is available. However, 
it has been known for a great many years by steel makers* 
that the ability of the steel to stand up under shock or 
low temperature service conditions cannot be determined 
by the results of hardness or ordinary tensile testing. 
When steel is intended for such uses, recourse is usually 
made to notched-bar impact testing. With a given de¬ 
gree of notch constraint and a standard method of im¬ 
pacting, the steel is tested over a range of temperatures 
to determine the temperature of transition from brittle 
(low energy) to ductile (high energy) impact failures. 
Every steel, according to its chemical composition and 
processed condition, has a characteristic transition curve 
from relatively high to low impact energy over a definite 
temperature range, and the comparative toughness of 
the processed steel can be judged when information as to 
the nature of this curve is available. Practically* 
“almost as much and very nearly as useful information is 
given by merely noting whether a fracture is of the tough 
or brittle type as is provided by figures for energy ab¬ 
sorbed.” A nick-break fracture test produces on a large 
scale the same results as the notched-bar impact test 
and the steel treater depends to a large extent on an eye 
trained to distinguish between the bright “crystalline” 
multi-faceted fracture surface characteristic of little or 
no deformation at the fracture surface and a low energy 
impact failure, and the dull gray fracture surface which 
indicates deformation at fracture surface and high impact 
energy failure. 

The toughness of weld metal, as of unwelded base 
metal, can be evaluated by machining standard notched- 
bar impact specimens in such a manner that the notch is 
placed in a representative portion of the weld metal and 
then testing the specimens over a range of temperatures 
sufficient to determine the temperature of transition from 
tough to brittle failure. Since it is obviously imprac¬ 
tical to obtain Charpy bars representative of all portions 
of the weld metal, bond zone, and heat-affected base 
metal, a full-scale fracture test offers certain advantages. 

Figures 2 and 3 illustrate two fracture tests which have 
been used by this laboratory for weld joints. Crystallin¬ 
ity of the fractured surface of any portion of ^e weld 
metal, heat-affected zone or base metal in the nick-break 
fracture test indicates that low impact energy failures 
may occur under severe service conditions. The extreme 
notch constraint of the specimen (Fig. 2) makes this test 


Load applied to center of weld 



Supported on 6-ln. span; bars of 1 in. and IVi in. thickness 
broken in a steam press; k^rs of lesser thickness broken with one 
blow of drop weight. 

Fig. 3—^Bend Fracture Test of Weld Joint 

very severe even when performed at room temperature 
with a relatively dow application of load. Disadvan¬ 
tages of this test are; (1) impossibility of interpretation 
when there is doubt that the requirement of toughness for 
a given service application is less than the severity of the 
test; (2) failure to reveal defects, cracks or brittle condi¬ 
tions in the extremely narrow fusion zone. 

The bend fracture test (Fig. 3) has proved very useful 
for determination of deleterious fusion zone conditions. 
The use of notch constraint in this test is not permitted 
because notches locate failure. However, the influences 
of geometrical notches provided by weld reinforcement, 
weld and base metal cracks, or weld defects, which have 
been shown to have equally as important a bearing on 
shock failures as metallui^cal factors, quite properly do 
come into play. The severity of the test, when dimen¬ 
sions of the test bar and breaking span, and point of ap¬ 
plication of the load have been arbitrarily fixed (as in Fig. 
3), is determined by the rate of loading and temperature 
at time, of testing. The rate of loading may be varied 
from slow push to the impact of a freely falling weight 
dropped from a convenient height of approximately 15 ft. 
The temperature of testing can be decreased to about 
— 100° F. by chilli ng the specimen in a bath of dry ice 
and acetone, or even lower in baths of liquefied gases. 

The results of this test are judged by appearance of the 
fractured surface which indicates (as in the nick-break 
test) a tough or brittle failure, ^^ether the degree of 
toughness of the weld joint is adequate for a given service 
application is determined by correlating the severity of 
conditions of the test with the severity of the intended 
service application. 

One other quite practical means of testing for toughness 
is available and indeed has a long background of use in 
certain industries. This is the repeated impact test. 
Test specimens are impacted by a drop weight of in¬ 
sufficient mass and velocity to cause appreciable perma¬ 
nent set, but at an energy level which will cause cracks in 
areas of stress concentration so that when a crack is 
initiated, after a few impacts, brittle materials fail 
without deformation as in the nick-break test. This 
method of testing has been used with some success on the 
same two specimens illustrated in Figs. 2 and 3, at the 
laboratory. When the mass and height of the drop 
weight are properly adjusted by preliminary tests of un¬ 
welded specimens, semiquantitative evaluations of tough¬ 
ness of weld .joints are made. 

3. Soundness .—The reliability of welded joints is to 
a large extent dependent upon freedom from injurious 
cracks and welding defects. Because of their discontinu¬ 
ous nature and the fact that their presence indicates 
unreliability in welds which may have adequate strength 
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and toughness in sound areas, it is logically required that 
structural welds be free of weld and base metal cracks. 
Other weld defects such as incomplete fusion, porosity 
and slag inclusions are dependent upon the skill of the 
welding operator as well as the suitability of the welding 
procedure and base metal. 

For evaluation of weldability, the soimdness require¬ 
ments are freedom from cracks and freedom from other 
defects to the extent indicated by established standards. 
One himdred per cent inspection can be made of weld 
joints by nondestructive radiographic or magnetic powder 
tests. Unfortunately, these tests will not always dis¬ 
close injurious base or weld metal cracks. It is recom¬ 
mended that three transverse sections be taken near 
start, center and end of weldability test weld and ex¬ 
amined by magnaflux test or after macroetching. Fur¬ 
ther enlightment as to the extent of defects is gained by 
examination of the fractured surfaces of tensile and 
toughness test specimens. Supplementary soundness 
tests may be made on simulated or actual weld joints 
from the structure, particularly when welding procedures 
for tee or corner joints are being qualified. 

A period of 24 to 48 hr. is often specified between time 
of welding and time of sectioning in order to allow full 
development of cracks. After this standing period, a 
tempering treatment may be applied to facilitate sec¬ 
tioning for soundness tests or to prevent et chin g cracks if 
raacroetching is used. 

4. Other Special Properties .—A number of structural 
weldments require, either in service or in fabrication, 


operations subsequent to welding, certain specific proper¬ 
ties such as resistance to fatigue, corrosion, abrasion and 
wear, stability at elevated temperatures, or ability to 
be machined and formed. The need for these special 
quality characteristics is usually apparent upon con¬ 
sideration of the service application. The degree to 
which they should be obtain^ is nearly always a matter 
of economics and one must refer to many excellent studies 
and discussions by experts in the individual fields. 

Tests for these special properties must be specifically 
planned to correlate with some given service application. 
Although it is not difficult to devise tests for these proper¬ 
ties, a high order of engineering judgment is necessary' 
in drawing conclusions from such tests imless the sei'vice 
conditions are exactly duplicated. In general, weld¬ 
ability evaluation tests for special properties are quite 
similar to those used for testing the unwelded base 
metal. 

Simulated Service Tests 

"Resorting to simulated service tests," Gillett states,’ 
"is a confession of ignorance about the fundamental 
factors of service or of the relative importance of these 
factors. But when one is ignorant, it is far better to con¬ 
fess ignorance and proceed to acquire information than 
to specify by guess." The importance of this attitude 
in weldability evaluation can scarcely be overempha¬ 
sized. While it is possible to set up tests for strength, 
toughness, soundness and other special quality character¬ 
istics required for structural applications these tests are of 
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value only to the extent that their results can be corre¬ 
lated with service requirements. Where such factors as 
geometrical constraint and residual stresses introduced 
during fabrication must be considered in specifying the 
degree of toughness or soundness required for the base 
metal and weld joints of a fabricated structure, the neces¬ 
sity for fuU-sc^e service or simulated service tests is 
readily apparent. 


Weldability Specification 

Weldability evaluation has been seen to be a matter of 
prescribing and controlling the welding procedure vari¬ 
ables which affect the service properties of a welded 
structure, in order to provide suitable test specimen, and 
then carrying out tests on these specimens to determine 
whether or not a given base metal welded with the pre¬ 
scribed procedure has the quality characteristics required 
for the service application. A simple butt weld may be 
used in determining the effects of joint design, welding 
technique, and post-welding treatments, but the effects 
of welding sequence and the degree of the various quality 
characteristics required mu^t be determined by large- 
scale tests. 

The originators of the statistical quality control type of 
specification have done much to clarify the basic prin¬ 
ciples of specification writing. It may be advantageous 
to refer very briefly to their methods. 

A specification is generally defined as “a statement of 
requirements which the product must meet in order to 
pass the acceptance test.” This is a product specifica¬ 
tion. It has been stated that* ‘‘a good specification 
has a background which may far exceed the obvious im¬ 
port of the wording of the inspection specification.” 
This background may be divided into the.following parts: 

(1) discovery and definition of a standard of quality; 

(2) statement of the quality goal (which is a compromise 
between the standard of qudity and practical economic 
considerations), enumeration of the quality characteri¬ 
stics to be considered, the operational means by which 
they are measured, and the technique of evaluating re¬ 
sults; and finally (3) a statement of the quantity and 
kind of evidence which will be accepted as satisfactory 
proof that the product will meet the quality god. 
Statistical means may be employed to reduce the guess¬ 
work in the development of each of the above steps of a 
specification for any product which can be adequately 
sampled and tested. 

The statistician* finds that aside from the use of such 
nonenforceable requirements as “the methods and work¬ 
manship shall be of the best quality,” the nonstatisticd 
type of specification has two faults. First, it attempts 
to judge each lot on its own merits on a smdl sample basis 
which an elementary study of statistics proves to be in¬ 
efficient and ineffective. Second, it fails to make use of 
past results as an intelligent guide to future testing. 

Where adequate test methods for samples taken di¬ 
rectly from the product have not been developed or where 
suitable tests are of a destructive nature and the expense 
of sampling would be prohibitive, statistical quality 
control cannot be applied. It is then necessary to in¬ 
clude in the acceptance specification certain controls 
over the product so that both hindsight and foresight are 
gained for the results of proof or service tests of completed 
weldments. 

Weldability as defined in the early part of this dis¬ 
cussion requires attention as: (1) a quality characteristic 
which should be covered by the base metal materials 
specification; (2) a factor which must be considered in 
establishing and qualifying welding procedures and which 
influences quality of the completed structure. 


In the base metal specification there are two alterna¬ 
tives: either the ambiguous requirement that the steel 
be of weldable grade (with certain other inconclusive 
requirements such as chemical analysis limits); or 
specific requirements for quality characteristics in test 
welds made with a prescribed welding procedure repre¬ 
sentative of the fabrication processing. The advantages 
of the latter approach, which amounts to quaUfication of 
the base material for fabricating by welding, are obvious. 
With standardization of the test procedure for various 
classes of structural welding these advantages will in¬ 
crease. 

The question of what changes in base metal are to be 
considered cause for requalification is sure to arise. In 
general, an increase in chemistry of more than 0.05% C 
or 0.10% of the other common alloying elements over the 
previously established maximum may be expected to in¬ 
crease the tendency toward base metal cracking during 
welding with certain types of electrodes. Other changes 
in the steel-making practice which are not reflected in the 
nominal chemical composition may also have significant 
effects. The only real assurance that a lot of steel from 
a new base metal shipment is weldable with a given weld¬ 
ing procedure is to make a new weldability evaluation. 
Depending upon the importance of the application, the 
severity of the welding operation and the degree of control 
over the welding proc^ure, a sufficient number of quali¬ 
fication test welds should be carried out to be sure that 
heat to heat differences are not signficantly affecting the 
weldability of the steel. 

In the product acceptance specification the following 
features are necessary in order to insure adequate quality 
characteristics in structural weldments: 

1. Process Control Features. —(a) Establishment and 
prescription of the welding procedure by the contractor. 
All the factors listed in Table 4 should be included and the 
permissible ranges for each factor clearly indicated. 

(5) Reference to a material specification covering 
acceptance of the base metal. 

(c) Qualification of the base metal with the welding 
procedure prescribed in (o). 

(d) Qualification of the welding operator to deposit 
sound weld metal with the welding procedure prescribed 
in (a). It should be noted that the operator has no re¬ 
sponsibility for mechanical properties of the weld pro¬ 
vided that he demonstrates the skill to make a sound 
weld deposit with the prescribed welding procedure. 
Such qualification may be proved by radiographic means 
alone. 

2, Inspection and Enforcement Features. — (a) Pro¬ 
vision for requalification for each significant change in 
base metal or welding procedure. 


Tabl« 5'' Strength of Hot-Roll*d Steel* 


T. S. (psi.) - 38,000 + C (700 + 2.94 Mn) + Mn (30 -|- 
Mn/200. (48 -|- 2.35 C)) + P (1000) + Si (340) + K. 

C, Mn, P and Si are included as “points" (0.01%) of those elements 
K is a gauge factor « —3000 for 0.750 in. and up 

— 2000 for 0.625 in. 

—1000 for 0.500 in. 

0 for 0.375 in. 

•flOOO for 0.250 in. 

+2000 for 0.125 in. 


This formula is accurate to ^5000 psi. on the ladle analysis and 
50% better on “check” analyses. The range covered in C, 0.10- 
0.35%; Mn, 0.30-1.60%; P. 0.01-0.04%,; and Si. 0.01-0.15%. 
Other elements increase the T. S. as follows for each 0.01%: 
Cu »» 400; Ni = 250; Cr » 60-200 (depending on the per cent of 
C): and Sn « 1000. 


* See reference 13. 
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(6) Provision for adequate inspection to insure that 
only qualified base metals, welding procedures and opera¬ 
tors are used; for spot checks on the soundness of weld 
deposits made by various operators; and for sampling 
and final proof or simulated service testing of the final 
product. 

Base Metal Properties 

Basic concepts of weldability have been considered in 
the preceding sections. A definition of weldability has 
been propos^ and procedures for evaluating and speci¬ 
fying weldability of structural steels have been discussed. 
An attempt wiU now be made to summarize published 
data and Watertown Arsenal Laboratory test results 
which illustrate commercially obtainable properties of 
hot-rolled and quenched and tempered structural steels 
and to develop comparisons of the weldability of these 
steels on the basis of the degree to which the quality 
characteristics required for certain service applications 
are impaired by prescribed welding procedures. 

Tensile Strength 

Figure 4 shows the approximate tensile strengths* 
obtainable for steels in various heat-treat conditions as a 
function of carbon content. In appropriately small 
pieces, plain carbon steels may be cooled at rates which 
will produce microstructures varying from the very low 
strength spheroidized carbides to the limiting condition 

* Hardness and tensile strength are measurements of essentially the same 
properties. Conversions between the two have been worked out and found to 
be accurate almost within the range of errors encountered in ordinary testing 
methods. Accordingly, conversions from hardness to '‘approximate" tensile 
strength will be used in this discussion based on data from the A.S.M. Metals 
ffaiidbook, 1939 edition, p. 127. 


of quenched out martensite, but the decreased rate of 
cooling (limited by the thermal conductivity of steel) 
in larger sections restricts the depth of full hardening in 
plain carbon steels to near the surface of moderate or large 
sections. 

The addition of suitable alloying elements increases 
the depth of hardening or “hardenability” (as opposed 
to maximum degree of hardening which is almost entirely 
a function of carbon content) and alloy addition is the 
principal means of obtaining increased strength in steel 
of a given carbon content when the quenching rate is 
less than that required for full hardening of plain carbon 
steels. The relative effects of various alloys as well 
as steel making and heat-treating variables on harden- 
ability have been established*®* ** and a simple test 
has been developed*® which can be used to determine 
the degree and depth of hardening in various sections of a 
given steel. 

The tensile strength of plain carbon as-rolled steel falls 
in or slightly above the range of values indicated for pearl- 
itic steels in Fig. 4, but large variations may be en¬ 
countered as a result of differences in finishing tempera¬ 
ture at the mill, gage of the plate, and procedure for dis¬ 
posal of the plates during cooling as well as variations in 
carbon and alloying elements. Unless all these variables, 
particularly finishing temperature, are carefully con¬ 
trolled, as-rolled steel must be regarded as unreliable for 
high-strength structural applications. 

The formula given in Table 5*® represents the most ac¬ 
curate published method for estimating the tensile 
strength of hot-rolled steel plate, but it is subject to errors 
introduced by rolling-mill variables. The tensile strength 
of air-cooled, normalized or hot-rolled steel may be in¬ 
creased by additions of alloying elements; and nickel. 


Tabla &—Compositions and Approximata Tensile Properties of Commercial Hot-Rolled Steels 

Based on Manufacturers^ Literature 
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Name of Steel 

Strength, 

Psi, 

Strength. 

Psi. 

C 

Mn P 

S 

Si 

Ni 

Cr 

Cu 

Mo 


Alan Wood AW 

" 70 - 90 " 

60.000 

80.000 

0.25 

0.50 0.10 


0.25 

0.25 

0.25 

0.50 



Am. Roll. Milt 

HT.50 

• 15.000 

65.000 

0,10 

0.60 0 10 



0.60 


0 . 61 ) 

0.20 


Bethlehem— 

Mayari R. 

50,000 

70,000 

0.10 

0.76 0.10 


0 30 

0.50 

0.75 

0.50 



Granite City 

Hi-Yield 

65.000 

80.000 

0 . H 

0 80 


0.15 


0.12 

0.30 



Great Lakes— 

NAX 

50 / 65,000 

70 / 85,000 

0 . 10 / 0.18 

0 . 60 / 0.75 0,04 

0.04 

0 . 63 / 0 . 9g 

0 . 10 / 0.25 

0 . 50 / 0.66 

0.25 

0.15 

O.lO/O.l 

Granite City 
Hi-Yield 

80.000 

HKI.OOO 

0.25 

1.40 


0,15 


0.12 

0,30 



Island Steel Co. 

Inland-Hi 

53,000 

70,000 

0.10 

0.60 0.12 


0.15 

0.50 


1.10 



Tones & Laugh- 

lin Taken 

50 / 00.000 

80 / 90.000 

0 . 25 / 0.33 

1 . 40 / 1.50 


0 . 15 / 0.30 


0 

20 / 0.50 



Otis Steel Otis- 

coloy 

50,000 

70.000 

0.10 

1.10 0.12 


0.05 



0.35 



Republic 

R.D.S. 

60,000 

80.000 

0,12 

0.75 



0.75 


1.40 

0.10 


Republic 

R.D.S. 

70.000 

90.000 

0.23 

0,75 



0.75 


1.30 

0.13 


Republic NBS- 

70 

60.000 

85.000 

0.17 

0.80 0.15 

0.03 


1.20 


0.60 

0.20 


Union Carbide 

Cromansil 

50 / 60.000 

75 / 90.000 

0 . 14 / 0.20 

1 . 10 / 1.40 0 . 035 / 0.055 

0 . 035 / 0.055 

0 . 00 / 0.90 


0 . 40 / 0.60 




U. S. Steel— 

Cortec 

50.000 

70.000 

0.10 

0.25 0.15 


0.75 


0.75 

0.40 



U. S, Steel— 

Manten 

55.000 

75.000 

0.25 

1.40 


0.25 



0.80 



U. S. Steel— 

Silten 

45.000 

70,000 

0.30 

0.80 


0.30 



0.30 



Youngstown— 
Yolov 

50 / 85.000 

70 / 105,000 

0 . 05 / 0.35 0 . 30 / 1.00 0 . 035 / 0.055 

0 . 085 / 0.055 0 . 003 / 0,20 

1 . 50 / 2,00 

0 

85 / 1.10 



Structural C 

25 / 46.000 

40 / 80,000 

0 . 10 / 0.35 

0 . 40 / 0.90 







Structural Mn 

50,000 

75.000 

0.30 

1,50 


0.20 






Structural Mn 

45 / 53,000 

65 / 75.000 

0 , 20 / 0.25 

1 . 00 / 1.75 0 . 035 / 0,055 

0 . 035 ,' 0.055 







Structural Mo 

40 / 55,000 

60 / 73,000 

0 . 13 / 0.25 0 . 50 / 0.90 0 . 035 / 0.055 0 . 035 / 0.055 

0 . 16 / 0,30 




0 . 40 / 0.60 


Cu-Ni-Cr 

50,000 

75,000 

0.10 

0.70 0.10 


0.40 

0.33 

0.23 

O.W 



Mn-Mo 

60 / 80.000 

75 / 120,000 

0 . 15 / 0.30 

1 . 20 / 1.75 0 . 036 / 0.055 

0 . 035 / 0.035 

0 . 20 / 0,50 




0 . 20 / 0.50 


Mn-Mo-V 

60.000 

80.000 

0.16 

1.20 


0.20 




0.15 

0.20 V 

Mn-Mo-Cu 

60.000 

80,000 

0.17 

1.00 0.09 





1.00 

0.20 


Mn-V 

50 / 70,000 

76 / 95,000 

0 . 13 / 0.20 

1.45 


0.20 




0 . 08 / 0.14 


Mn-Cr-V 

60.000 

80,000 

0.17 

0.50 


0.26 


0.90 



0.20 V 

Mn-Cr-V 

90.000 

115,000 

0.25 

0.75 


0.20 


1.00 



0.20 V 

Mn-Ti 

60.000 

80.000 

0.21 

1.83 


0.32 





0.10 Ti 

S . A . E.-2120 

40 / 50.000 

65 / 75.000 

0 . 15 / 0.25 0 , 30 / 0.60 0 . 035 / 0.055 0 . 035 / 0.053 


1 . 25 / 1.75 





S . A . E.-2335 

45 / 75.000 

70 / 100.000 

0 . 30 / 0.40 0 . 60 / 0.80 0.04 

0.04 

0 . 20 / 0.36 

3 . 25 / 3.75 
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Dpper, silicon, manganese (above the normal amounts 
: 0.40 to 0.60% used in all commercial steels), chromium, 
lolybdenum, titanium and vanadium are commonly 
>ed for the purpose. It is, of course, obvious that the 
nounts of such additions will be relatively large as 
)mpared with the additions required in more effectively 
lenched steels. Table 6, based on manufacturers’ 
ita, gives the expected range of tensile properties for 
number of commercial alloy steels in the hot-rolled 
ndition. These properties are only approximations 
ing subject to variation with gage and rolling-mill fac- 
rs. 

Reheating of a normalized or hot-rolled steel at tem- 
ratures below the critical hardening temperature will 
id to soften the steel, finally resulting in strength 
"els equivalent to those shown for the spheroidized 
rbide microstructures in Fig. 4. The lower the carbon 
itent and the original strength level, the higher will be 
i reheating temperatme and the longer the time inter- 
I to effect any significant decrease in strength. 

Several elements are known to be capable of providing 
reased strength in iron or steel, by an aging or pre- 
itation hardening process at temperatures below the 
:ical hardening temperature for iron-carbon alloys, 
general, their hardening ability is lower than that of 
bon and the accompanying loss in toughness may be 
ater than that in properly heat-treated iron-carbon 
»ys. Copper in amounts up to about 1.5% has 
^mewhat similar effect to nickel on the hardenability 
steel and has an additional precipitation hardening 
ity which may be made apparent in the copper¬ 
ring steels similar to some of those shown in Table 6. 
; copper is held in solution in these steels by ordinary 
cooling without drastic quenching and the full pre- 
tation hardening effect is therefore realized on re¬ 
ting as-rolled or normalized steels to the precipitation 


temperature. The hardening on reheating increases as 
copper content is increased from 0.7 to about 1.5%, 
but appears to decrease with further increases in copper. 
Figure 5 shows the precipitation hardening effect for a 
0.06% carbon, 1.06 copper steel^^ and the time-tempera¬ 
ture relation to obtain the maximum tensile strength 
in a commercial as-rolled copper-bearing steel.*® 

The use of other alloying elements does not appear to 
influence this precipitation hardening effect, but, of 
course, the properties of the steel may be modified by 
the presence of alloying elements. The addition of cop¬ 
per to almost any steel of low or medium carbon content 
in the as-rolled or normalized condition permits an in¬ 
crease of approximately 20,000 psi. in tensile strength if 
the steel is reheated and held for a suitable time interval. 
at the appropriate temperature. Exce^ive time or 
temperature results in loss of strength by “overaging.” 

As previously mentioned, the maximum strength of 
fully quenched steels approaches the upper curve of Fig. 
4. Very little steel enters service in the as-quenched 
condition because of lack of toughness in the medium 
carbon (0.30 to 0.50%) heat-treatable grades and because 
of obvious difficulties which would be encountered in 
fabricating as-quenched steels. In general practice, 
it is desired to fully quench structural steel in order to 
form martensitic or hard acicular structure with the opti¬ 
mum disperion and fineness of carbide particles, and then 
to temper or reheat the steel at appropriate temperatures, 
below the hardening range, to obtain the best possible 
compromise between strength, toughness and other re¬ 
quired properties for a given application. 

Various steels do not drop to the same strength and 
hardness with identical tempering treatment as may be 
seen by examples selected from the voluminous mass of 
published tempering charts for individual alloy steels 
(Fig. 6). 
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The special carbide-forming elements such as chro¬ 
mium, molybdenum, vanadium and titanium exert a 
strong influence in retarding the softening during tem¬ 
pering of quenched steels, probably because of the forma¬ 
tion of a second fine dispersion of alloy-rich carbides.*® 
Steels containing these carbide-forming elements are said 
to be secondary hardening and must be tempered at a 
higher temperature or held for longer time at a given tem¬ 
perature to obtain any particular strength or hardness. 
While the hardening effects of copper and carbon are not 
additive, the effect of hardening by precipitation of cop¬ 
per may be superimposed on that of softening by temper¬ 
ing. 0 

Table 7 gives the mechan cal properties of several 
structural steels which have been tested at Watertown 
Arsenal Laboratory and illustrate the comparative ten¬ 
sile properties obtainable in the hot-rolled, copper pre¬ 
cipitation-hardened, and water-quenched and tempered 
conditions. 

As indicated by the foregoing discussion and examples, 
the tensile strength of as-rolled steel usually falls within 
the band shown for pearlitic steels in Fig. 4. Increased 
tensile strengths may be obtained through use of alloying 
additions but are subject to difficultly controlled rolling 
mill variations. Quenched and tempered steels may be 
obtained at any strength level limited only by the use of 
adequate alloy additions and suitable quenching proce¬ 
dures necessary to obtain the fully martensitic structure 
shown as the upper line in Fig. 4. When it is necessary to 
include a thermal stress-relieving operation in the fabri¬ 
cation process further softening of quenched and tem¬ 
pered or even hot-rolled steels may occur. The choice 
of alloy composition to resist this softening becomes 


important. Unless it is possible to fully heat treat the 
completed structure, a compromise between the amount 
of stress relief and the strength of quenched and tem¬ 
pered or precipitation-hardened steels becomes neces¬ 
sary. 

Relation Between Tensile Strength and Yield Strength* 

Yield strength and not tensile strength is the criterion 
upon which design is commonly based. Yielding of a steel 
occurs as a transition from elastic to plastic deformation. 
Unfortunately, this transition is seldom well defined and 
the yield strength of a steel is one of its least exact 
properties. The need for a simple, rapid determination 
of yield strength has resulted in acceptance of the offset 
method for measuring yield strength. The amount of 
the sp)ecified offset is a purely arbitrary figure, generally 
chosen at a value which will permit a fa'rly accurate de¬ 
termination of the load at extension values which need 
not be too critically exact. For forged and rolled fer¬ 
rous materials the value of 0.1% offset from the modulus 
slope is generally accepted. 

Internal stresses, always present in as-rolled or rapidly 
cooled and untempered steels, cause a deviation from the 
elastic modulus long before the yield strength of stress- 
free materials would be reached and the problem of ob¬ 
taining accurate yield-tensile ratios for such materials is 
very difficult. The highest yield strength for a given 
tensile strength is obtained on materials fully quenched 
and tempered. As the degree of slack quenching in¬ 
creases, the ratio of yield to tensile strength drops ap¬ 
preciably. In materials of pearlitic structure the ratio 

* The following 19 adapted from a discussion prepared by Major C. M. 
Schwittcr, Watertown Ai-Mnal. 



138-« 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


MARCH 









Tabl* 7—Mechanical Propartia* of Nina Structural Steals in Various Haat*Traat Conditions 


Heat Treatment 


.-Tensile Tests (1)-- 

Yield Strength, Tensile Strength, Elon., 

Psi., 0.1% Psi. % 2-In. Gage 

Cu-Ni-P 


Charpy 

«—V-Notch Impact Tests (2)—• 
Ft.-Lb. at 

-f70“ F. 0“ F. -40® F. 


0.09 C, 0.71 Mn. 0.06 Si, 0.025 S. 0.121 P. 0.65 Ni, 1.05 Cu 
Heat Treated as */4-In. Gage Plate 


Hot-rolled 

64,800 

80,800 

26.5 


68,800 

87,840 

32.5 

4 900® F., 4 hr. F.C. 

84,800 

103,680 

26.0 

86,400 

107,200 

27.0 

+ 1000® F., 3 hr. F.C. 

78,400 

96,000 

24.5 

80,000 

96,880 

25.0 

+ 1150® F.. 6 hr. F.C. 

65,600 

81,040 

30.5 

65,600 

82,160 

34.5 


0.10 C, 0.68 Mn, 0.01 Si, 0.026 S, 0.111 P, 0.65 Ni, 1.09 Cu 
Heat Treated as ^/»-In. Gage Plate 


Hot-rolled 



65,600 

71,320 


18 


65,600 

72,800 

37 .'5 

18 

F.C. 

72,800 

93,840 


2 


74,400 

93.920 

30.0 

3 

F.C. 

68,000 

86,040 

28.0 

3 


68,000 

87.040 

29.0 

4 

F.C. 

51,600 

71,040 

35.0 

5 


55.200 

72,000 

36.0 

6 


0.09 C, 0.67 Mn. 0.01 Si, 0.036 S, 0.116 P, 0.69 Ni, 1.13 Cu 
Heat Treated as */ 4 -In. Gage Plate 


Hot-rolled 

+ 900® F., 4 hr. F.C. 
+ 1000® F.,3 hr. F.C. 
+ 1150® F.. 6hr. F.C. 


60,660 

71,730 

39.0 

53,860 

73,440 

41.5 

74,130 

94,760 

29.5 

76,270 

95,170 

30.5 

67,200 

85,620 

30.0 

69,330 

87,040 

31.0 

53,800 

70,640 

37.5 

66,000 

71,650 

39.0 


Ni-Cu-Mo 


0.17 C, 0.79 Mn. 0.01 Si, 0.030 S, 0.015 P, 1.11 Ni. 0.62 Cu, 0.24 Mo 



Heat Treated as 

‘/ 4 -In. Gage Plate 


Hot-rolled 

60,800 

95,040 

23.0 

62,400 

95,440 

23.5 

4- 900® F.. 4 hr. F.C. 

82,400 

103,680 

23.0 

82,800 

103,840 

24.0 

4- 1000® F., 3 hr. F.C. 

78,400 

98,400 

23.5 

80,800 

99,520 

24.0 

4- 1150® F.,6hr. F.C. 

75,200 

91,280 

24.0 

76,800 

93,920 

25.0 


0.18IC, 0.80 Mn. 0.01 Si, 0.030 S. 0.022 P, 1.34 Ni, 0.60 Cu, 0.24 Mo 
Heat Treated as */j-In. Gage Plate 


Hot-rolled 

4- 900® F., 4 hr. F.C. 
-H 1000® F.,3 hr. F.C. 
4- 1150® F., 6 hr. F.C. 


58,400 

95,040 

23.0 

29 

32 

21 

60,800 

95,440 

23.5 

31 

31 

12 

73,600 

103,680 

23.0 

25 

17 

12 

73,600 

103,840 

24.0 

22 

12 

6 

71,200 

98,400 

23.5 

32 



72,200 

99,520 

24.0 

32 



62,000 

91,280 

28.5 

34 

25 

8 

60,000 

93,920 

29.0 

36 

28 

12 


Ni-Cu 


0.16 C. 0.63 Mn. 0.15 Si, 0.019 S. 0.007 P, 1.57 Ni. 0.79 Cu 
Heat Treat^ as Gage Plate 


Hot-rolled 

50,200 

76,400 

30.0 

18 

11 

4 

52,200 

76,900 

30.5 

18 

8 

7 

-+- 1000® F., 4 hr. F.C. 

60,000 

84,000 

26.5 

9 

5 

2 

59,200 

84.000 

27.0 

11 

3 

2 

4- 1100® F., 4 hr. F.C. 

53,600 

76,600 

30.0 

13 

6 

3 

54,400 

77,000 

29.0 

12 

5 

3 

Quenched, 1600® F., 1 hr. W.Q. 

4 - 800® F., 1 hr. A.C. 

111,200 

127,200 

17.6 

14 

13 

12 

110,800 

124,800 

17.5 

13 

13 

12 

^ 1000® F.. 1 hr. A.C. 

92,400 

109,600 

22.0 

18 

19 

19 


93,200 

108,400 

21.0 

19 

18 

19 

4 - 1100® F., 1 hr. A.C. 

81,200 

99,200 

24.5 

24 

22 

21 

76,400 

100,400 

24.0 

21 

22 

21 

4 - 1100® F., + 1100 ® F., 

60,000 

84,000 

26.5 

23 

23 

21 

1 hr. A.C. 4 hr. F.C. 

59,200 

84,000 

27.0 

23 

23 

22 
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Tabl« 7—^M«chanical Prop«rtiM of Nino Structural Staala in Various Haat-Traat Conditions (Continued) 



'-Tensile Tes 

Yield Tensile 

5tS (1)-. 

^mm Chftr^ 



- /o\ 


Strength, Strength 

, Elon., 


Ft.-Lb. at 


Heat Treatment 

Psi., 0.1% Psi. 

% 2-In. Gage 

•f 70® F. 

-40® F. 

-100® F. 

-310® F. 


Mn-Ti 







0.14 C, 1.14 Mn. 0.22 Si. 0.022 S, 

0.015 P. 0.09 Cu. Trace Ti 





Heat Treated as Gage Plate 





Hot-rolled 

45,000 

72,800 

34.0 

36 

11 

7 


47,000 

71,700 

33.0 

32 

8 

4 

+ 1100® F.. 4hr.. F.C. 

44,800 

69,200 

34.5 

33 

11 

3 


44,400 

69,300 

35.0 

34 

10 

5 

Quenched, 1600® F.. 1 hr. W.Q. 

+ 800® F., 1 hr. A.C. 

70,800 

90,800 

27.5 

33 

37 

28 


70,000 

90,000 

26.5 

36 

38 

29 

+ 1000® F., 1 hr. A.C. 

64,000 

84,200 

28.5 

37 

37 

35 


62,400 

82,600 

27.0 

39 

37 

33 

+ 1100® F., 1 hr. A.C. 

63,200 

84,200 

30.5 

38 

38 

37 


66,200 

84,000 

27.5 

39 

39 

38 

•fll00®F., -1- 1100® F., 

1 hr. A.C. 4 hr. F.C. 

60,400 

81,000 

35.5 

39 

37 

35 

63,800 

80,400 

31.5 

40 

39 

38 


Experimental (3) Mn-Ni>Cu-Mo 

0.11 C. 1.04>In,[0.095 Si, 0.019 S. 0.008 P, 0.38 Ni, 0.70 Cu. 0.53 Mo. A1 kiUed 
Heat Treated as */*-In. <^ge Plate • 


Hot-rolled 

57,600 

88,000 

25.5 






58,400 

90,400 

26.5 





-b 900® F., 4 hr. F.C. 

68,000 

91,800 

24.0 






72,000 

94,400 

26.5 





-f 1000® F.. 4 hr.. F.C. 

68,000 

90,000 

25.0 






70,000 

92,000 

25.5 





-f 1150® F., 6hr. F.C. 

65,300 

84,200 

25.0 

• 





72,000 

87,600 

27.0 





Normalized 1550® F., 1 hr. air cool 

45,500 

76,500 

29.5 

60 

27 




47,700 

77,200 

32.5 

62 

29 



-f 900® F., 4 hr. F.C. 

64,000 

86,000 

28.5 

36 





68,000 

87,100 

30.5 

35 




+ 1000® F., 4 hr. F.C. 

59,100 

78,800 

30.5 





• 

63,800 

80,800 

31.0 





4- 1150® F., 6 hr. F.C. 

57.200 

73,200 

33.0 

57 

24 

16 

2 


57,200 

74,200 

33.5 

56 

35 

15 

2 

Quenched. 1550® F.. 1 hr. W.Q. 








+ 900® F., 2hr. A.C. 

116,200 

129,500 

16.0 






117,000 

130,500 

16.5 





+ 900® F., + 900® F.. 

122,000 

132,000 

15.0 

31 




2 hr. A.C. 4 hr. F.C. 

123,000 

135,000 

17.5 

31 




+ 1000® F., 2 hr. A.C. 

100,000 

114,000 

. 19.5 






101,000 

114,500 

20.5 





4- 1000® F.. 4- 1000® F.. 

108,000 

118,000 

17.5 

42 




2 hr. A.C. 4 hr. F.C. 

110,000 

120,000 

20.0 

44 




4- 1100® F.. 2 hr. A.C. 

106,500 

118,200 

17.5 

34 

21 

18 

3 


107,500 

118,200 

18.5 

36 

24 

17 

4 

4- 1100® F.. 4- 1100® F., 

112,000 

118,000 

18.5 

47 

29 

17 

3 

2 hr. A.C. 4 hr. F.C. 

108,000 

120,000 

20.5 

40 

26 

15 

4 

4- 1150® F., 2 hr. A.C. 

97,600 

110,200 

21.0 






102,000 

111,600 

21.0 





4- 1150® F., 4-1150® F., 

93,200 

104,000 

22.0 

69 




2 hr. A.C. 4 hr. F.C. 

96,000 

107,000 

23.0 

72 





Experimental (3) Mn-Cr-Mo 

0.19 C, 1.44 Mn, 0.26 Si, 0.018 S, 0.009 P, 0.20 Cr, 0.215 Mo, A1 kiUed 
Heat Treated as ‘A-In. Gage Plate 


Hot-rolled 

59,600 

98,800 

18.5 




63,600 

99,500 

23.0 



4- 900® F.. 4 hr. F.C. 

68,500 

94,000 

22.5 



71,500 

97,200 

26.0 



4- 1000® F, 4 hr. F.C. 

69,500 

94,000 

21.5 



71,000 

95,800 

26.5 



4- 1150® F.. 6 hr. F.C. 

65,400 

87,300 

22.5 



70,500 

89,500 

27.6 



Normalized 1550° F., 1 hr. air cool 

48,400 

88,000 

25.5 

22 

6 


50,500 

90,000 

26.5 

24 

7 

4- 900® F., 4 hr. F.C. 

57,200 

79,200 

20.0 

48 


61,500 

85,000 

25.5 

52 


4- 1000® F., 4 hr. F.C. 

56,2(X) 

78,000 

20.5 



60,000 

83,000 

27.5 



4- 1150° F.. 6 hr. F.C. 

56,000 

77,000 

30.0 

59 

26 

56,000 

78,500 

31.5 

60 

25 

Quenched, 1550® F., 1 hr. W.Q. 






4- 900® F., 2 hr. A.C. 

135,200 

146,000 

17.0 



136,000 

147,000 

18.0 
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Table 7—Machanical Propartiaa of Nina Structural Steals in Various Heat*Treat Conditions {Continued) 

Charpy 

•-Tensile Tests (1)-« —V-Notch Impact Tests (2)—«. 

Yield Strength, Tensile Strength, Elon., Ft.-Lb. at 



Heat Treatment 

Psi., 0.1% 


Psi. 

% 2-In. Gage 

+70® F. 

0® F. 

-40® F. 

+ 900® F., 

+ 900® F., 

120.000 

128,000 

14.0 

40 




2 hr. A.C. 

4 hr. F.C. 

122,000 

136,000 

17.0 

39 




-h 1000® F., 

2 hr. A.C. 

104,000 

116,400 

20.5 







104,000 

116,500 

21.0 





+ 1000® F.. 

+ 1000® F., 

98,000 

114,000 

18.0 

42 




2 hr. A.C. 

4 hr. F.C. 

103,000 

117,000 

18.5 

45 




+ 1100® F., 

2 hr. A.C. 

104,000 

116,400 

19.5 

40 

34 

26 

5 



108,000 

121,200 

20.0 

40 

33 

20 

4 

+ 1100® F., 

+ 1100® F., 

92,000 

108,400 

20.0 

57 

41 

16 

4 

2 hr. A.C. 

4 hr. F.C. 

92,000 

109,000 

20.5 

55 

40 

22 

6 

+ 1150® F.. 

2 hr. A,C. 

96,000 

111,000 

23.0 







96,000 

111,200 

23.5 





-1- 1150® F., 

-1- 1150® F., 

84,000 

102,000 

25.0 

66 




2 hr. A.C. 

4 hr. F.C. 

84,000 

104,000 

25.5 

67 





Mn*Mo 


0.26 C, 1.68 Mn, 0.24 Si, 0.021 S, 0.013 P. 0.33 Mo, A1 kiUed, B treated 
Heat Treated as Gage Plate 


Normalized 1600® F., 1 hr. air cool 

Indeterminate 

126,400 

18.0 

4 





125,200 

18.0 

4 

3 

2 

+ 1100® F., 1 hr. A.C. 

80,000 

106,200 

22.0 

9 

3 



84,000 

108,000 

22.5 

11 

3 

"3 

Quenched, 1600® F., 1 hr. W.Q. 

+ 800® F., 1 hr. A.C. 

160,000 

173,600 

14.5 

17 

12 

7 


152,000 

180,800 

14.6 

16 

11 

8 

+ 1100® F., 1 hr. A.C. 

120,000 

131,600 

19.0 

28 

29 

27 


120,000 

132.000 

19.5 

28 

28 

27 

+ 1100® F., 1 hr. F.C. 




28 

28 

26 


Mn-Ni-Cr-Mo 





0.24 C. 1.20 Mn. 0.23 St. 0.022 S. 0.021 P. 0.75 Ni. 0.90 Cr. 0.22 Mo. A1 kUled. B treated 




Heat Treated 

as ‘A-In. Gage Plate 





Normalized 1600® F., 1 hr. air cool 

Indeterminate 

101,800 

17.6 

5 





117,200 

16.6 

6 

6 

3 

+ 1100“ F., 1 hr. A.C. 

91,200 

114,200 

21.5 

28 

13 

10 


87,200 

109,200 

21.5 

30 

17 

10 

Quenched, 1600® F., 1 hr. W.Q. 

+ 800® F., 1 hr. A.C. 

165,000 

178,400 

10.5 

11 

8 

6 


161,600 

176,800 

14.0 

11 

8 

7 

+ 1100® F., 1 hr. A.C. 

116,000 

133,600 

19.0 

28 

24 

24 


116,000 

130,400 

19.0 

24 

25 

23 

+ 1100® F.. 1 hr. F.C. 


Mn-V 


24 

21 

17 

0.20 C, 

1.40 Mn. 0.17 Si. 0.028 S. 0.022 P. 0.05 Cr, 0.115 V. 0.05 Cu 




Heat Treated as */4-In. Gage Plate 





Hot-rolled 

63,750 

87.760 26.5 

68.8 

17 

3 

3 


61,880 

85,000 26.0 

69.5 

16 

4 

3 

+ 1100® F., 1 hr. A.C. 

.62,600 

85,750 28.0 

70.5 

12 

2 

2 


60,000 

83,250 28.0 

69.2 

9 

2 

2 

Quenched, 1600® F., 1 hr. W.Q. 

+ 800® F.. 1 hr. A.C. 

95,620 

112,750 19.5 

69.7 

28 

20 

15 


102,500 

118,000 18.0 

67.7 

32 

17 

17 

+ 1000® F., 1 hr. A.C. 

94,320 

106,250 23.0 

70.7 

46 

36 

35 


96.000 

108.760 22.0 

70.7 

42 

34 

17 

+ 1100® F., 1 hr. A.C. 

93.120 

106,250 24.0 

71.8 

51 

42 

36 


91,870 

104.500 23.0 

69.9 

45 

42 

36 

1100® F., +1100®F., 

86,250 

100,750 24.5 

70.9 

22 

12 

14 

1 hr. A.C. 4 hr. F.C. 

93,120 

106,000 25.0 . 

71.6 

25 

14 

11 


Notes : 

(1) Flat plate tensile specimen. Gage section 2^/4 in. x in. x thickness of plate. Specimen taken parallel to direction of rolling. 

(2) V-notch (45^* ihcluded angle, O.Ol-in. radius) in standard 0.394-in. square Charpy specimen. Bar taken transverse to direction ^ 
rolling and notched perpendicular to plate surface. Subnormal temperatures obtained by immersing specimen in dry ice-acetone bath 
for i/j hr. Specimens were broken within 10 sec. after removal from bath. 

(3) Experimental Steels: Mn-Ni-Cu-Mo analysis suggested by Mr. H. L. Miller of Republic Steel Corporation; Mn-Cr-Mo analysis 
suggested by Mr. W. G. Theisinger of Lukins Steel Company: Sixty-pound ingots made from induction furnace melts by Captain V. B. 
Bender at Watertown Arsenal Experimental Foundry and rolled to */r-in. gage by Simonds Saw and Steel Company. 

(4) Standard 0.505-in. diameter specimens. 


may be in the neighborhood of 60%. The improved Extensive investigations*’have shown that for fully 
ratio of yield to tensile strength for quenched and quenched and tempered steels of 0.30 to 0.50% carbon 
tempered as opposed to slowly cooled steels is clearly there is remarkably small deviation from a constant 
shown by the tensile test results given in Table 6. relationship between hardness, tensile strength and yield 
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strength. In fact, as shovm by Fig. 7, once steels are 
fully hardened and drawn to the same hardness within 
the usual strength range of commercial structural steels 
no alloy combination appears to enjoy consistant advan¬ 
tages in any of the properties reflected by tensile testing. 

Toughness 

As previously discussed, the relative toughness of steel 
may be compared by observing the impact energy ab¬ 
sorbed by a standard sample as constraint against de¬ 
formation or rate at which deformation takes place are 
incre'ased or as temperature is decreased. The most con¬ 
venient testing procedure is to determine notched-bar 
impact energy at normal and subzero temperatures. 
The temperature of transition from ductile to brittle 
fracture is thus determined and the relative toughness of 
the steel observed. Table 7 gives this information for a 
number of steels in various heat-treat conditions at 
strength levels through the range of interest for con¬ 
structional purposes. 

Much of the mystery associated with differences in 
toughness-of steels of the same nominal carbon and alloy 
composition has been cleared up. It is now apparent 


Fig. 7—Comparison oi Mechanical Properties for a Number of 
Fully Hardened and Tempered Steels, (^e reference 18) 
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Table 8—Influence of Directional Elflects on V-Notdh Charpy 
Values for Two Structural Steels 


1. Relatively clean cross-rolled 0.26 C, Mn-Mo, steel in the fully 
hardened and tempered condition: 


Specimen Direction 
Parallel to principal 
direction of roll¬ 
ing 

Transverse to prin¬ 
cipal direction of 
rolling 


V-Notch Charpy Value 
Ft.-Lb. at 

Notch Direction -f70® F. 0® F. —40“ F. 


Parallel to plate 
surface 

Perpendicular to 
plate surface 


51 

56 

48 

55 

53 

51 

28 

29 

27 

28 

28 

27 


2. Relatively dirty straight-away rolled 0.10 C, Cu-Ni-P, steel in 
the hot-rolled condition: 


V-Notch Charpy Value 


Specimen Direction 

Notch Direction 

Ft.-Lb. at 4-70" F. 

Parallel to principal 

Parallel to plate 

) (split fracture) 

direction of rolling 

surface 

Parallel to principal 

Perpendicular to 

27 

direction of rolling 

plate surface 

32 

Transverse to princi¬ 

Parallel to plate 

18 

pal direction of 
rolling 

surface 

23 

Transverse to princi¬ 

Perpendicular to 

18 

pal direction of 
rolling 

plate surface 

19 


that the principal factors influencing the toughness of 
steel are: 

1. Amount, form and distribution of carbides. 

2. Amount, form and distribution of nonmetallics. 

3. Grain size or related effects. 

4. Aging characteristics. 

It is well established*® that steels with high transforma¬ 
tion temperature carbides (lamellar-pearlitic) are con¬ 
siderably inferior in toughness to fully hardened (mar¬ 
tensitic) and tempered steels at the same strength levels, 
other conditions remaining the same. The condition is 
less marked the lower the carbon content, and in steels 
of less than 0.10% carbon is not an important factor. 
Even medium- or high-carbon pearlitic steels become 
tough if reheated sufficiently to spheroidize the carbides. 
It will be noted, however, that either of the above 
measures sacrifices tensile strength. 

The effect of carbide distribution on toughness is il¬ 
lustrated very well by Charpy V-notch impact values 
given in Table 7, for the same steel heat treated to ap¬ 
proximately the same strength levels by normalizing 
and by quenching and tempering. 

The markedly superior toughness of quenched and tem¬ 
pered steels over hot-rolled or other slack-quenched steels 
at yield strengths above 70,000 psi. is the principal rea¬ 
son for favoring their use for all high-stren^h structural 
applications requiring base metal with a lugh degree of 
toughness. 

I^ng inclusions or concentrations of nonmetallics may 
lead to severe directional properties and lack of toughness 
transverse to the principal rolling direction. This effect 
may be minimized by cross rolling but there is no sub¬ 
stitute for clean steel for structural applications requiring 
toughness. Dirty steels sometimes give a false indica¬ 
tion of toughness when very high impact values are ob¬ 
tained for bars cut parallel to the rolling direction and 
notched parallel to the plate surface. Such values are 
meaningless because laminations interrupt the mecha¬ 
nism of notch constraint giving a “split” fracture. This 
may be demonstrated if bars are taken transverse to tlie 
rolling direction, or if notches are made normal to the 
plate surface to minimize the effect of laminations. The 
latter method is preferred where cross-rolled steel is en- 
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;:ountered. In making notched-bar impact tests of 
rolled plate the direction of the notch with respect to the 
rolling direction and the plate surface always should be 
prescribed, and high values associated with split frac¬ 
tures should be discarded. The very important in¬ 
fluence of directional effects is illustrated by Table 8. 

It is generally stated that fine-grained steels are much 
tougher than coarse-grained ones and this appears to be 
true, other conditions remaining the same, when the steel 
is fine grained in its condition of use regardless of whether 
the g^ain coarsening temperature of the steel has been 
raised by finishing of the steel melt with a suitable alumi¬ 
num, titanium or vanadium addition, or the grain has 
been refined by heat treatment alone. Whether tough¬ 
ness and grain size are direct or merely related effects has 
been questioned." The lack of toughness in coarse¬ 
grained steels prevents taking advantage of their in¬ 
creased depth of hardening. 

Coarse-grained austenite is broken up by hot rolling. 
The heating temperature for rolling is usually above the 
grain coarsening temperatures of even aluminum killed 
steels, and there is generally no difference in final grain 
size of various type steels after rolling to the finishing 
temperatures desired in good mill practice. For opti¬ 
mum combination of strength and toughness, quenched 
and tempered steels should be suitably deoxidized to 
retain fine grain size after commercial heat treatment. 

Precipitation hardening of copper-bearing steels is an 
aging process which has been previously noted as a means 
of obtaining increased strength. Precipitation hardening 
appreciably decreases the toughness of steel, the mini¬ 
mum toughness being observed with the precipitation¬ 
hardening treatment which produces the maximum im¬ 
provement in tensile strength. The limited data avail¬ 
able*' indicate that low carbon structural steels in which 
yield strength may be raised from about 50,000 to 70,000 


psi. by reheating for copper precipitation have a much 
lower degree of toughness than fuUy hardened and tem¬ 
pered steels at a similar yield strength level. 

In Fig. 7 Izod impact has been plotted against tensile 
strength for fully h^dened and tempered steels. How¬ 
ever, for many carbon and low-alloy steels toughness 
does not increase continuously as the steel is tempered 
to lower strengths. At intermediate temperatures in 
the vicinity of 500® F. the tempering treatment may re¬ 
sult in an actual lowering of the notched^ar impact 
value to less than that of the untempered steel. This 
anomaly is variously attributed to decomposition of re¬ 
tained austenite, to microstresses, or to aging condi¬ 
tions. Its effect in Fig. 7 has probably been to indicate 
a much more rapid falling off in toughness with increasing 
tensile strength than would have been observed had as- 
quenched steels of lower carbon contents been compared 
in a similar manner. 

At higher tempering temperatures, another form of 
lowered toughness is encountered in some steels. This 
is “temper brittleness” which is almost certainly an aging 
condition although the ultimate nature of the guilty 
constituent has not been established. Temper brittle¬ 
ness is observed in susceptible steels either when they are 
tempered in the vicinity of 900® F. or when slowly cooled 
from higher tempering temperatures. Until recently, 
temper brittleness has not been considered an important 
factor in American steel practice. Now it appears a 
definite detriment in certain steels high in chromium, 
manganese, vanadium, nickel or silicon for construc¬ 
tional uses requiring a considerable degree of toughness. 
It is a probable cause of serious brittleness in certain 
copper-bearing steels high in phosphorus content. 
Molybdenum usually, but not always, minimizes temper 
brittleness. For steels either hot rolled or quenched and 
tempered, which are to be stress relieved after fabrica- 


Tabl« 9—Ext«rnaUjr Restrainad Butt Wald Joints (1) 

Base Metal Cracks Visible After 

Welding Procedure (3) Heat Treatment Cracks Visible During Welding Sectioning and Macroetching 

0.14 C, Mn-Ti (2) 


1 

Hot-rolled 

None 

None 

4 

Electrode E-lOOlO j 

Quenched & tempered 
1600“ F., 1 hr. W.Q. 

; 800“ F., 1 hr., A.C. 

None 

None 


0.26 C, 

Mn-Mo (2) 


4 

Normalized 

1600“ F., 1 hr. A.C. 

Weld metal cracks in root pass 

... 

Electrode E-lOOlO j 

Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F.. 1 hr. A.C. 

Weld metal cracks in root pass 

• “ • 

4P 1 

Normalized 

1600“ F., 1 hr. A.C. 

None 

None 

Electrode E-lOOlO, 400“ F. preheat j 

Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F., 1 hr. A.C. 

None 

None 

5 

Electrode A* * 

f Quenched & tempered 
1600“ F., 1 hr. W.Q. 

[ 800“ F., 1 hr. A.C. 

None 

None 

6 

Electrode B* ’ 

Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F., 1 hr. A.C. 

None 

None 

7 i 

Electrode C* 

[Quenched & tempered 
1600“ F., 1 hr. W.Q. 

[ 800“ F.. 1 hr. A.C. 

None 

None 


• Alloy ferritic electrodes with lime base mineral coatings. 

Notes: 

(1) See Fig. 1 for illustration of test specimen. 

(2) See Table 7 for chemical analyses and mechanical properties of base metal. 

(3) See Table 12 for details of welding procedures. 
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tion, it is probably best to suspect temper brittleness 
until the steel is established as ductile by notched-bar 
or fracture tests. 

Several examples of temper embrittlement of steels in 
the quenched and tempered condition are disclosed in 
the comparisons of Table 7. The 0.20% C, Mn-V, steel 
provides a very clear-cut example, a reduction of more 
than balf in the notched-bar impact value being produced 
by furnace cooling from the 1100® F. draw treatment. 

The primary advantages in toughness of quenched and 
tempered over hot-rolled steels at equivalent or even 
very much lower strength levels is associated with the 
uniform fine carbide dispersion resulting from full hard¬ 
ening. The optimum toughness at any strength level is 
obtained in a clean, cross-rolled, fully hardened and tem¬ 
pered steel of fine grain and free of precipitation-embrittle¬ 
ment effects. 

Weldability Comparisons 

General Comments, Cracking During Welding 

The factors influencing the properties of welded joints 
have been indicated in Tables 2 and 3. Metal-arc weld¬ 
ing of plain carbon (0.30% max.) as-rolled or normalized 
steels of the 25,000 to 35,000 psi. yield strength grades 
of moderate (1 inch thick or less) sections with mild 
steel heavily coated electrodes provides practically no 
problems under the heading of “Weldability.” Simi¬ 
larly, the use of the low-carbon, low-alloy as-rolled or 
normalized steels of 40,000 and 50,000 psi. )deld strength 
grades and alloy steel heavily coated electrodes presents 
little difficulty. 

However, to obtain higher strengths in as-rolled steels 
may require the use of increased carbon and/or alloying 
element which results in the formation of a hardened 
martensitic zone adjacent to the weld wherein “under¬ 
bead” cracks may form if ferritic electrodes with the 
usual cellulosic type coatings are used. These cracks 
may be prevented only by preheating the base metal or 
by using electrodes with ^e proper types of coating. 
Hence, the welding of hot-rolled or normalized steel of 
over approximately 60,000 psi; yield strength is limited 
by the underbead cracking problem to i hree possibilities: 

1. Use of preheat or other modification of the welding 

procedure to decrease the severity of the weld 
quenching cycle. 

2. Use of austenitic or alloy fer¬ 

ritic electrodes with a modi¬ 
fied type of coating which 
will not cause underbead 
cracking even though a mar¬ 
tensitic type heat-affected 
zone is developed. 

3. Use of low-carton base metal 

compositions where strength 
is obtained by combination 
of ferrite strengthening and 
precipitation hardening al¬ 
loying elements. 


By any of the above means it should 
be possible to weld hot-rolled steel 
of the highest yield strength available. 
However, as previously discussed, 
hot-rolled steels, of the higher yield 
strength levels, are either in the slack- 
quenched or precipitation-hardened 
condition and lack toughness. 

It has been shown in the preceding 
discussion that steel of no higher car¬ 
bon and alloy content than that used 


■ for many hot-rolled steels in the 50,000 to 60,000 psi. yield 
strength grades can be quenched and tempered to obtain 
very much higher yield strength levels. The susceptibil¬ 
ity to underbead cracking of such steels appears to be 
no greater than for the low-strength hot-rolled steels of 
equivalent carbon and alloy content, because except for 
special carbide stabilizing treatments, prior heat treat¬ 
ment does not seem to have significant influence on under- 
bead cracking. 

The occurrence of base metal cracks other than the 
“underbead” transgranular type, which has been shown 
to be related to the electrode coating composition, must 
be considered. When a steel is cooled from a high tem- 
peratme under the influence of external stress or self- 
restraint in differentially heated sections, a hot tear or 
intergranular crack may develop. Such cracks which are 
believed to be caused by the segregation into the austen¬ 
itic grain boundaries of low melting point compounds are 
prevented \>y reducing the differential thermal or over¬ 
all stresses through modification of the welding procedure 
or joint design and by avoidance of (hot-short) base 
metals which have low strength at elevated temperatures. 

The presence of laminations, excessive or segregated 
nonmetallics may initiate base metal cracks, and high- 
strength structural steels must be of steel quality to meet 
suitable standards for freedom from laminations, dirt 
and excessive directional properties. 

Although severely quenched and fully hardened low- 
and medium-carbon martensite is shown to have really 
amazing strength and toughness, if the carbon content is 
increased over approximately 0.30% the intensity of the 
martensite reaction sets up transformation stresses of a 
high order, during rapid quenching, which impair tough¬ 
ness and eventually result in the formation of visible 
microcracks at about 0.70% C. High-carbon steels are 
safely heat treated only by modifying the severity of the 
quench. In welding of high-carlwn steel, similarly it is 
necessary to modify the welding procedure in order to 
decrease the severity of the weld cooling cycle if base 
metal cracking is to be avoided. At Watertown Arsenal 
Laboratory, 0.40 C steel and 0.50 C steel (of good steel 
quality and fully quenched and tempered to give yield 
strengths well over 100,000 psi.) have been satisfac¬ 
torily welded, in U/s and gage plate respec¬ 

tively, with no precautions other than choice of electrodes 
with coatings modified to avoid underbead cracking. 
These steels are believed to represent about the maxi- 


K—3' 



Fig. 8—Welded Box Beam for Simulated Service Test Comparisons 
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Tabu 10—Tanaila Propuliaa of Butt Wald Joizita 

•-Tensile Tests (3) 




Yield 

Tensile 




Base Metal 

Post-Welding Strength, 

Strength, 

Elon., 


Welding Procedure (2) 

Heat Treatment 

Heat Treatment Psi., 0.1% 

Psi. 

% 2-In. Gage 

Location of Fracture 



0.10 C, Cu-Ni-P (1) 






^/«-In. Gage Plate 






. 66,600 

82,080 

20.0 

Plate 



68,640 

83,700 

22.0 

Plate 

1 


900® F., 6 hr., F.C. 78,080 

96,160 

17.0 

Plate 

Electrode E-lOOlO 


80,480 

97,600 

17.5 

Plate 



1160® F., 6 hr., F.C. 44,800 

73,200 

18.0 

Plate 



67,400 

77,400 

22.5 

Plate 



‘/rin. Gage Plate 






. 57,600 

75,600 

21.6 

Plate 



69,280 

76,240 

24.5 

PUte 

2 


900® F., 4 hr., F.C. 79,360 

98,000 

20.5 

Plate 

Electrode E-lOOlO 


81,200 

95,600 

22.5 

Plate 



1150® F., 6 hr., F.C. 37,600 

75,200 

23.0 

Plate 



40,000 

73,900 

23.0 

Plate 



*/ 4 -In. Gage Plate 






r . 59,600 

73,800 

26.0 

Plate 



63,700 

76,500 

28.0 

Plate 

3 


900® F., 4 hr., F.C. 71.700 

91,800 

25.0 

Plate 

Electrode E-lOOlO 


75,600 

94,200 

28.0 

Plate 



1160®F., 4hr., F.C. 48,000 

73,000 

25.0 

Plate 



52,100 

73,100 

28.0 

Plate 



0.18 C, Ni-Cu-Mo (1) 






*/ 4 -In. Gage Plate 






' . 72,000 

94,080 

22.5 

Plate 



1 75,200 

95,520 

24.0 

Plate 

1 


1 900® F., 4 hr,, F.C. 89,120 

97,280 

18.0 

' Plate 

Electrode E-lOOlO 


92,800 

100,400 

16.0 

Plate 



1160® F., 6 hr., F.C. 62,000 

89,000 

15.5 

Plate 



67,000 

90,500 

17.0 

Plate 



Vrin. Gage Plate 






r . 65,600 

86.720 

20.0 

Plate 



1 73,280 

88,560 

22.5 

Plate 

2 


900® F., 4 hr., F.C. 83,360 

95,680 

21.0 

Plate 

Electrode E-lOOlO 


83,880 

96,800 

20.0 

Plate 



11150® F.. 6 hr.. F.C. 58,500 

88,000 

22.5 

Plate 



1 56,100 

89.000 

21.5 

Plate 



0.16 C, Ni-Cu (1) 






*/rIn. Gage Plate 





1 

' . 57.100 

78,400 

16.5 

Plate 



1 58,400 

78,800 

16.0 

Plate 

Electrode E-lOOlO 

Hot-rolled ^ 

IllOO® F., 4hr.. F.C. 57,100 

78,800 

19.0 

Plate 


Quenched & Tempered 

1 56.000 

77,600 

17.0 

Plate 


[1600® F.. 1 hr. W.Q. 

. 73,300 

97,900 

11.5 

Weld* and HAZt 

4 

1 800® F.. 1 hr. A.C. 

68,500 

96,700 

11.0 

Weld and HAZ 

Electrode E-10010 ' 

! 1600® F., 1 hr. W.Q. 

1100® F.. 4hf.. F.C. 74,700 

93,900 

18.5 

Plate 


1 800® F., 1 hr. A.C. 

75,400 

94,200 

19.5 

Plate 

4P 1 

^1600® F., 1 hr. W.Q. 

. 62,900 

95,100 

12.0 

Weld and HAZ 

Electrode E-lOOlO, 400® 1 

1 800® F., 1 hr. A.C. 

67,300 

94,300 

11.0 

Plate and HAZ 

F. preheat 

11600® F., 1 hr. W.Q. 

1100®F.. 4hr., F.C. 72,600 

92.600 

16.0 

HAZ 


1 800® F., 1 hr. A.C. 

73,700 

92,600 

14.0 

HAZ 


[1600® F., 1 hr. W.Q. 

. 67,500 

95.800 

12.6 

Plate 

4 I 

IllOO® F., 1 hr. A.C. 

71,700 

96,300 

12.5 

Plate 

Electrode E-lOOlO ' 

11600® F., 1 hr. W.Q. 

1100® F., 4 hr., F.C. 75,400 

92,900 

17.5 

Plate 


lllOO® F.. 1 br. A.C. 

80,000 

93,800 

17.0 

Plate 



0.14 C. Mn-Ti (1) 






Gage Plate 






r . 54,400 

73,600 

20.0 

Plate 


Hot-rolled 1 

1 54,000 

74,400 

19.0 


Electrode E-lOOlO 


11100® F., 4 hr., F.C. 49,800 

72.000 

22.0 

Plate 


Quenched & Tempered 1 

[ 49,400 

71,600 

22.0 

Plate 


[1800® F., 1 hr. W.Q. 

. 66,600 

91,700 

14.0 

Plate 

4 I 

1 800® F., 1 hr. A.C. 

68,700 

93,700 

14.5 

Plate 

Electrode E-lOOlO ' 

11600® F., 1 hr. W.Q. 

1100® F., 4 hr.. F.C. 63,400 

81,700 

22.5 

Plate 


1 800® F., 1 hr. A.C. 

63,300 

82,500 

22.0 

Plate 

4P 1 

[1600® F.. 1 hr. W.Q. 

. 62,600 

87,500 

15.5 

HAZ 

Electrode E-lOOlO, 400® 

1 800® F., 1 hr. A.C. 

60,000 

85,000 

18.0 

HAZ and Plate 

F. preheat 

11600® F., 1 hr. W.Q. 

1100® F.. 4hr., F.C. 58,000 

80,400 

22.0 

Plate 


1 800® F., 1 hr. A.C. 

58,200 

79,200 

22.5 

Plate 


[1600® F., 1 hr. W.Q. 

. 68.300 

80,800 

22.5 

Plate 

4 

11100® F.. 1 hr. A.C. 

69,000 

80,400 

22.5 

Plate 

Electrode E-lOOlO 

11600® F.. 1 hr. W.Q. 

1100® F., 4 hr., F.C. 67,700 

77,100 

21.5 

Plate 


illOO® F.. 1 hr. A.C. 

57,300 

75,800 

21.5 

Plate 
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Tabl« 1(V—T«nsiltt Prop*rtiM of Butt W«ld Jointa {Continued} 

• -Tenale Tests (3)-* 

Yield Tensile 

Base Metal Post-Welding Strength, Strength, Elon., 

Welding Procedure (2) Heat Treatment Heat Treatment Psi., 0.1% Pa. % 2-In. (^ge Location of Fiacturt 

0.11 C, Experimental Mn-Ni-Cu-Mo (1) 

Vrln. Gage Plate 


4 J 

Electrode E-lOOlO 

Quenched & tempered 
fieOO* F.. 1 hr. W.Q. 
illOO* F., 2 hr. A.C. 

1100“ F., 4 hr., F.C. 

86,000 

87,200 

110,000 

113,600 

12.5 

14.5 

Weld 

Weld 

5 

Electrode At 

Quenched & tempered 
[1600* F., 1 hr. W.Q. 
IllOO* F., 2hr. A.C. 
11600“ F., 1 hr. W.Q. 
lllOO* F., 2hr. A.C. 

1100“ F., 4hr. F.C. 

86,000 

83,000 

81,200 

86,200 

110,000 

107,000 

102,400 

103.600 

18.0 

17.5 

21.0 

20.0 

Weld 

Weld 

Weld 

Weld 


0.19 C, Experimental Mn-Cr-Mo (1) 
Vx-In. Gage Plate 




4 j 

Electrode E-lOOlO 

Quenched & tempered 
[1600“ F., 1 hr. W.Q. 
[1100“ F..2hr. A.C. 

1100“ F., 4 hr. F.C. 

84,000 

86,000 

104,800 

106,000 

17.5 

16.0 

Weld 

Weld 

5 i 

Electrode At 

Quenched & tempered 
[1600“ F., 1 hr. W.Q. 
Ill00“ F., 2 hr. A.C. 

11600“ F., 1 hr. W.Q. 
Ill00“ F.,2hr. A.C. 

1100“ F.,4hr. F.C. 

87,200 

84,000 

77,800 

79,600 

110,200 

104,800 

98,800 

99,600 

21.0 

21.5 

20.0 

19.0 

Weld 

Weld 

Weld 

Weld 



0.26 C, Mn-Mo (1) 

Vs-Iu. Gage Plate 




2 1 
Electrode E-lOOlO 

Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F., 1 hr. A.C. 
1600“ F., 1 hr. W.Q. 
800“ F., 1 hr. A.C. 

1100“ F., 4 hr. F.C. 

85,300 

81,100 

80,400 

104,100 

104,100 

91,800 

81,600 

116,300 

3.51 
3.0l 

2.51 

3 . 5 J 

Weld and HAZ 

1 (Base Metal Cracbl 

4P 

Electrode E-lOOlO, 400* ^ 
F., preheat 

Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F., 1 hr. A.C. 
1600“ F.. 1 hr. W.Q. 
800“ F., 1 hr. A.C. 

1100“ F., 4 hr. F.C. 

78,780 

87,350 

104,080 

100,800 

108,200 

111,000 

121,200 

122,800 

6.01 

8.5J 

16.0 

17.0 

1 Weld and HAZ 

f (Flakes) 

Weld 

Weld 

5 1 

Electrode At 

Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F., 1 hr. A.C. 
1600“ F., 1 hr. W.Q. 
800“ F.. 1 hr. A.C. 

1100“ F., 4 hr. F.C. 

79,500 

88.700 

96.700 
98,000 

117,000 

128,000 

115,000 

115,100 

5.01 

6.0J 

13.5 

11.5 

, Weld 

^ (Fisheyes) 

Weld 

Weld 

6 

Electrode B t \ 

[Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F.. 1 hr. A.C. 
1600“ F., 1 hr. W.Q. 

1 800“ F., 1 hr. A.C. 

1100“ F.. 4 hr. F.C. 

82,000 

82,000 

96,700 

97,500 

105,000 

103.700 

112.700 
113,500 

8.01 

9.5J 

12.5 

12.5 

1 Weld 

(Fisheyes) 

Weld 

Weld 

7 ! 

Electrode Ct \ 

[Quenched & tempered 
1600“ F., 1 hr. W.Q. 
800“ F., 1 hr. A.C. 
|l600“ F.. 1 hr. W.Q. 

1 800“ F., 1 hr. A.C. 

1100“ F., 4hr. F.C. 

76.300 
79,600 

86.300 
87,350 

103,700 

114,300 

104,900 

104,500 

6.51 

9 . 3 / 

14.0 

13.0 

Weld 

(Fbheyes) 

Weld 

Weld 

Electrode Ct ^ 

[Normalized 
|l600“ F., 1 hr. A.C. 

1 Normalized 
ll600“ F., 1 hr. A.C. 

1100“ F., 4 hr. F.C. 

84,900 

93,060 

83,300 

84,500 

108,200 

111,000 

102,400 

103,700 

8.01 

8 . 0 ; 

18.0 

18.0 

Wdd 

(Fisheyes) 

Plate 

Wdd 


• Fisheyes. 
t Heat-affected zone. 

t Alloy ferritic electrodes with lime bass mineral coatings. 
Notes ; 

(1) See Table 7 for chemical analyses and mechanical prop¬ 
erties of base metals. 


(2) See Table 12 for details of welding procedures. 

(8) Flat plate tensile specimens. Specimen transverse to wdd tn 
to principal direction of rolling of base metal. Weld reinff*a 
ment ground flush with plate. Gage section— 2'U x */i m 
thickness of plate. 


mum carbon contents for welding without preheat. 
They considerably exceed the possibilities of welding, 
without preheat, with electrodes of the usual com¬ 
mercial alloy ferritic types; or the necessities for optimum 
properties in quenched and tempered structural plates. 

The welding of medium-carbon alloy steel, especially 
where alloy electrodes are used in an attempt to obtain 
high weld metal strength, often presents a serious prob¬ 
lem of preventing cracks in the weld metal during 
cooling. There is considerable difference in weld metal 
cracking susceptibUity observed for deposits of the same 
tensile strength made with various commercial brands of 
electrodes, and it is sometimes necessary to preheat 

146-g 


in order to avoid weld metal cracking when welding xl 
loy steels with certain electrodes. It appears necessar 
to qualify welding procedure, in this respect, by meia 
of a test similar to that illustrated in Fig. 1. Tabk ' 
gives the results of externally restrained i^d joint i£ 5 t 
for hot-rolled and heat-treated low- and mediuia 
carbon alloy structural steels welded with E-10010 dec 
trode with and without preheat and with alloy femir 
electrodes with a modified lime base mineral t>*pe C’ui 
ing. 

Tljere is no reason to believe that there is any greair 
tendency for cracking either of the weld or base men 
during welding for quenched and tempered than for h ‘i 
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rolled steels of equivalent carbon and alloy content 
and steel quality even though the quenched and tempered 
steel be at a considerably higher yield strength level. 
The only possibility is that the additional rigidity of the 
high-strength structure would increase the difficulty of 
making internal welds, and this would occur only when 
the unaffected base metal was stressed beyond its elas¬ 
tic limit by the welding thermal stresses. 

TensiU Strength of Welded Joints 

In the absence of cracks, the tensile strength of a 
welded joint is limited by the strength of the weakest of 
its parts: unaffected base metal, weld heat-affected base 
metal, or weld metal. In every weld, not subsequently 
heat treated, there is a band at the outer edge of the heat- 
affected zone which has been heated for a short time to a 
temperature which may soften the base metal.** If the 
base metal is of relatively high strength, the alloy com¬ 
position of a type not resistant to tempering, and the 
welding procedure such as to produce a continuous 
softened band through most of the thickness of the plate 
(e.g., single pass weld made with heavy electrode on thin 
plate), failure may occur through this band. 

The major portion of the weld has been heated to tem¬ 
peratures increasing progressively from the lower criti¬ 
cal hardening temperature to the melting temperature. 
Except when the welding heat input is very large in rela¬ 
tion to the thickness and hardenability of the base metal 
the strength of the heat-affected zone in the as-welded 
condition will materially exceed that of the unaffected 
tase metal and tensile failure will not occur primarily 
through this part of the weld. 

The strength of the weld metal depends upon the re¬ 
sponse of the deposited metal to the heat treatment im¬ 
posed by the welding procedure. This involves a com¬ 
plex interrelation between a large number of variables. 
For the present it is sufficient to observe that by use 
of properly alloyed electrodes with good operating char¬ 
acteristics and ability to make restrained weld joints 
without cracking, it is quite possible to obtain as high as 
90,000 psi. yield strength weld joints in structural 
fabrication of Vt-in. or lesser gage plate. It is probable 
that the electrode manufacturers will be able to Jceep pace 
with demands for even higher yield strengths. 

Table 10 gives the tensile properties of butt welds made 
from seven of the steels in various heat-treat conditions 
for which chemical compositions and mechanical proper- 
ues prior to welding were given in Table 7. The trans¬ 
verse tensile specimens from butt welds in the four low- 
arbon commercial structural steels failed in the plate 
netal beyond any heat-affect of the welding operation 
!xcept when partially embrittled weld metal (fisheyes 
jresent) was encountered in one weld made with the 
>10010 electrode and when the use of a high preheat 
400® F.) produced heat-affected zone failures. Highest 
ield strengths were obtained, as expected, in the copper 
Tecipitation-hardened hot-rolled and in the quenched 
nd tempered steels with the low (800° F.) draw tem- 
erature. The 0.11% C, Mn-Ni-Cu-Mo and the 0.19% C, 
‘In-Cr-Mo experimental steels were welded with an E- 
0010 electrode and an alloy ferritic electrode with a lime 
ase mineral type coating (modified or hydrogen con- 
rolled to decrease susceptibility to base metal cracking), 
lo preheat was used for any of these welds. The re- 
alts of transverse tensile tests show excellent combina- 
on of strength and ductility for the welds made with 
lectrbde with modified coating both as-welded and stress 
dieved and for the welds made with the E-lOOlO elec- 
TKle after stress-relief treatment. 

Tensile specimens from the butt welds made in 
uenched and tempered 0.26% Mn-Mo steel, made with 
•10010 electrode without preheat failed through 


base metal cracks of the underbead type. A 400® F. 
preheat eliminated cracks (see also Table 9), but the 
weld metal and heat-affected zone were embrittled and 
fiakes were observed in the heat-affected base metal of the 
broken specimen. Stress relieving at 1100® F. for 4 hr. 
appears to have eliminated the embrittlement and it is 
indicated that a yield strength of 95,000 psi. is obtainable 
in welds made in medium C quenched and tempered 
steel with E-lOOlO electrode provided that suitable pre¬ 
heating and thermal stress relieving are carried out. 

None of the three brands of alloy ferritic electrodes 
with modified mineral type coatings produced base metal 
cracking when welds were made in the 0.26% C, Mn-Mo 
quenched and tempered steel. However, all three of 
these electrodes showed varying degrees of general em¬ 
brittlement and several fisheyes in the weld metal when 
tested as-welded. In view of the work on weld metal 
embrittlement done by Zapffe and Sims** it appears quite 
logical to assume that the amount of hydrogen introduced 
into the weld metal (probably from combined moisture in 
the electrode coating), though not sufficient to cause base 
metal cracking, is still producing weld metal embrittle¬ 
ment. As is well known, the hydrogen can be removed 
and ductility recovered by suitable aging treatments, 
and this has been accomplished by the thermal stress- 
relieving treatments. Yield streng^s of 95,000 psi. for 
electrodes A and B and 85,000 psi. for electrode C were 
obtained after stress relieving. An additional weld was 
made with electrode C in normalized 0.26% C, Mn-Mo 
steel. Failure of one of the transverse tensile bars in the 
unaffected plate metal indicates that the strength, of the 
normalized plate is close to that of the weld metal. 

The strength of a welded joint is governed by the design 
as well as the “pounds per square inch” of the metal. If 
a transverse load is applied to a butt weld joint with the 
reinforcement in place, the effective cross section of the 
weld metal is increased but a stress concentration pro¬ 
duced at the junction of the weld reinforcement with the 
plate which may locate failure. It is perfectly feasible 
to fabricate high-strength structural steel with electrodes 
which give weld deposits of lower unit yield strength if 
the weld joints are of suitable design and location. 

There is no reason to believe that the tensile strength 
of the weld metal or the heat-affected zone of a weld made 
in quenched and tempered steel is less than that of a weld 
made in hot-rolled steel of equivalent carbon and alloy 
contents. 

Toughness of Welded Joints 

The toughness of the weld metal as of the base metal 
may be evduated by notched-bar impact testing through 
a suitable range of temperature. A number of variables 
involved in the intriguing “steel-making process” of 
metal arc welding are l^yond the scope of this discussion, 
but the toughness of the low-carbon ferritic weld metals 
sufficiently alloyed to obtain the desired strength, and 
subjected to the multiple pass weld quenching and 
tempering effects, generally compares favorably with that 
of the unwelded base metal. 

The toughness of the tempered band in the base metal 
heat-affected zone is of the same order as that of the unaf¬ 
fected base metal but improved by reason of the slight 
softening. The toughness of the heat-affected zone is 
affected by the same variables as the unwelded base 
metal. With evidence that fully hardened martensitic 
structures at least to 0.30% maximum carbon content 
are vastly superior in toughness to pearlitic structures 
and are further improved by subsequent tempering opera¬ 
tions, it becomes apparent that, in the absence of under¬ 
bead cracks, a hardened heat-affected zone with marten¬ 
sitic type microstructures is more desirable both for 
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strength and toughness than a slowly cooled (slack- 
quenched) soft pearlitic microstructure. 

Steels properly deoxidized to have high-grain coarsen¬ 
ing temperatmes are preferred for welded fabrications 
requiring toughness. In addition, the coarse-grained 
structure in the heat-affected zone may be limited by 
decrease in the welding heat input or broken up by mak¬ 
ing use of multiple passes which will refine the grain 
coarsened by previous welding. Serious detrimental 
effects due to aging characteristics have not been ob¬ 
served in welds, probably because the time involved in 
heating and cooling through the critical ranges is short. 
The effects on toughness to be expected during post¬ 
welding stress relieving or full heat treatment have been 
indicated in the discussion of base metal properties. 

The toughness of the weld joint as a whole is very sig- 
n ficantly affected by the geometry of the weld and the 
location and extent of macro-defects. The improvement 
obtainable in high-strength weld joints, under shock 
loading conditions, by attention to details of joint design 
and avoidance of notches at the junction of weld rein¬ 
forcement and base metal is really amazing; hence, the 
desirability of suitable toughness tests for welds repre¬ 
sentative of prescribed welding procedures for commer¬ 
cial fabrication practices. 

Table 11 gives the results of repeated impact nick- 
break fracture and bend fracture tests (Figs. 2 and 3, 
respectively) for butt welds from sever^ of the welds 
whose tensile properties have been previously discussed. 
At any given strength level a decided improvement in 
toughness of the welded joint is shown in nick-break 
tests, both by number of blows to failure and the appear¬ 
ance of fractures, for welds made in quenched and tem¬ 
pered metal. However, use of a 400® F. preheat pro¬ 
duces a brittle heat-affected zone. The hot-rolled Cu- 
Ni-P steel has very low toughness in the Cu precipitation 
hardened condition. The bend fracture test discloses 


defects at fusion line or in heat-affected zone; very poor 
results being obtained for the Cu precipitation hardened 
welds and the weld made in the Mn-Mo plate with 
E-lOOlO electrode without preheat. The low number of 
impacts obtained for bend fracture test of quenched and 
tempered Mn-Mo plate appears to be partially a result 
of undercutting at the root of this weld. 

Simulated Service Test Comparisons 

Mr. W. L. Warner at Watertown Arsenal has made 
comparative tests of box beams fabricated from Vw-iu- 
thick structural plate in the hot-rolled and tempered 
conditions, both as-welded (one pass fillet welds made 
with Vrin. diameter A.W.S. Class E 6012 electrode) 
and after stress relief at 1150® F. for 4 hr. The beams 
(illustrated in Fig. 8) were tested by repeated dropping of 
a 200-lb. weight from a height of 12 V 3 ft. Tests were 
made at room temperature and after chilling the beam 
to approximately —90® F. by plugging one end and filling 
with a mixture of dry ice and acetone. 

The chemical composition and tensile properties of the 
base metal were as follows: 0.12% C, 0.60% Mn, 0.028% 
S, 0.013% P, 0.19% Si, 1.56% Ni and 0.94% Cu. 


• 

Yield 

Tensile 

Heat Treatment 

Strength 

Strength 

As-rolled 

64,000 

71,000 


52,000 

70,000 

As-rolled 

52,000 

68,500 

1160“ F., 4hr. F.C. 

50,000 

67,000 

1650“ F.. 1 hr. W.Q. 

82,000 

92,000 

1150“ F., 2 hr. A.C. 

80,250 

91,000 

1660“ F., 1 hr. W.Q. 

74,260 

86,600 

1160“ F., 2 hr. A.C. 

74,700 

85,000 

1160“ F., 4 hr. F.C. 





Fig. 9—Box Beams Welded with */i8-In. Thick Ni Cu Structural Plate in Hot-Rolled Condition and E-6012 
Electrode. Tested at Approximately —90®F. with One Blow of 200-Lb. Weight from 12Va Ft. 


1945 


WELDABILITY 


Digitized by 


Google 


149-s 



S - ITRESS RCLCIVCD rOR 4 HOUM AT llSO*F. 


Fig. 10—Box Beams Welded with ^/is-In. Thick Ni-Cu Structural Plate in Quenched and Tempered Condi¬ 
tion and E-6012 Electrode. Tested at Approximately —90° F. with Two Blows of 200-Lb. Weight from 

12Vi Ft. 


At room temperature, beams assembled from hot- 
rolled plate and tested in the as-welded condition with¬ 
stood three blows with only slight buckling of the plate 
and no weld failure. At —90° F. the beams made from 
hot-rolled steel both in the as-welded and stress-relieved 
condition failed by brittle fracture on the first blow of the 
weight as shown in Fig. 9. The beams made from 
quenched and tempered steel showed cracks in the weld 
metal on the first blow and these cracks extended for 
short distances into the plate metal after a second blow, 
as illustrated in Fig. 10. It is apparent that the quenched 
and tempered steel, although significantly higher in 
yield strength than the hot-rolled steel, is tough and re¬ 
sists general failure even under this very severe testing 
condition and after a crack has been started in the weld 
metal by the first impact. 

Summary 

The relation of weldability to the hardening response 
of the weld heat-affected base metal is now known to be 
superficial and often inadequate. A consideration of the 
interrelation of base metal and welding procedure vari¬ 
ables and of the importance of weldability with respect 
to other properties of the base metal and to design fac¬ 
tors (Table 1) leads to the following definition: Weld¬ 
ability is the capacity of a steel to be fabricated by a pre¬ 
scribed welding procedure without detriment to its serv¬ 
ice properties. 

The first step in weldability evaluation is establishment 
and prescription of the significant welding procedure 
variables and control of these variables within the limits 
practical for commercial fabrication. Welding procedure 
variables are brought under control by establishing the 
factors listed in Table 4. 

For the purpose of weldability evaluation, service 
properties are considered to be the quality characteris¬ 
tics required for a given service application. For ordi¬ 
nary structural applications, the requirements of the 


base metal and all components of the welded joints are: 
strength, toughness and soundness. The importance 
of these characteristics and the methods by which they 
may be evaluated are discussed. 

For specification purposes, weldability requires atten¬ 
tion as: (1) a quality characteristic which should be cov¬ 
ered by the base metal specification; (2) a factor which 
must be considered in establishing and qualifying weld¬ 
ing procedures and which influences the quality of the 
completed structure. The base metal specificatioo 
should therefore include specific requirements for quality 
characteristics in test welds made with a prescribed 
welding procedure representative of the fabrication proc¬ 
essing. The product acceptance specification should 
include process control features for establishment and 
prescription of welding procedure factors and for qualifi¬ 
cation of base metal and operators with the prescribed 
welding procedure as well as inspection and enforcement 
features with adequate inspection and requalification 
provisions. 

Commercially obtainable base metal properties of hot- 
rolled and quenched and tempered structural steels are 
summarized in Tables 6 and 7. The approximate tenak 
strengths for steels in various heat-treated conditions art 
shown in Fig. 4 as a function of carbon content. The 
tensile strength of hot-rolled plain carbon steels falls in or 
slightly above the range pf values indicated for pearlitic 
steels in Fig. 4, but large variations may be encountered 
as a result of mill variables. The tensile strength oi 
hot-rolled steels may be increased somewhat by addition 
of suitable alloying elements. The addition of copper 
to hot-rolled steel of low-or medium-carbon content per¬ 
mits an increase in tensile strength of approximately 
20,000 psi. if the steel is reheated and held for a suitable 
time interval at the appropriate temperature. Excessive 
time or temperature results in loss of strength by ovct- 
aging as shown in Fig. 5. 

The maximum strength of fully quenched steels ap¬ 
proaches the upper curve of Fig. 4. The use of allorins: 
elements is the principal means of obtaining increased 
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strength in steel of a given carbon content when the 
section is too large for plain carbon steel to completely 
quench out. When it is necessary to include a thermal 
stress-relieving operation in the fabrication process, the 
choice of suitable alloying elements to resist softening 
becomes important and unless it is possible to fully heat 
treat the completed structure, a compromise between the 
amount of stress relief and the strength of quenched and 
tempered or precipitation hardened steels is necessary. 
The ratio of yield to tensile strength is much higher and 
more uniform in quenched and tempered steels than in 
hot-rolled steels. 

The markedly superior toughness of fully hardened and 
tempered steels over hot-rolled or other slack-quenched 
steels at yield strengths above 70,000 psi. is the principal 
reason for favoring their use for high-strength structural 
applications requiring toughness. The effects of non- 
metallic inclusions and aging characteristics on tough¬ 
ness of both hot-rolled and quenched and tempered steels 
were investigated. Long inclusions or concentrations 
of nonmetallics may lead to severe directional properties 
and lack of toughness transverse to the principal rolling 
direction. Precipitation hardening of Cu-bearing steels 
appreciably decreases the toughness of steel, the minimum 
toughness being observed with the precipitation-harden¬ 
ing treatment which produces the maximum improve¬ 
ment in tensile strength. Several of the steels investi¬ 
gated were susceptible to temper brittleness, and when 
post-welding thermal stress relieving is required the 
toughness of steel after such treatment should be investi¬ 
gated. 


The effects of the welding procedure on development of 
cracks during welding and on the tensile strength and 
toughness of the weld metal and heat-affected base metal 
are discussed. No significant differences in any of these 
characteristics are expected to result from the use of 
quenched and tempered in place of hot-rolled steels of 
equivalent cartoon and alloy contents and steel quality. 

The susceptibility to cracking during welding may be 
determined by maJdng test welds under conditions of 
external restraint; examples are given in Table 9. In 
the absence of cracks, the tensile streng^ of a welded 
joint is limited by the weakest of its parts: unaffected 
base metal, weld heat-affected base metal or weld metal. 
The tensile properties of butt welds made with seven 
steels, in various heat-treated conditions, are summarized 
in Table 10. Yield strengths exceeding 80,000 psi. were 
obtained in transverse tensile tests of Vs-in. thick butt 
welds made with Electrode E-lOOlO, without preheat, 
in quenched and tempered 0.11% C alloy steel. It 
is indicated that yield strengths of 95,000 psi. are obtain¬ 
able for butt welds in medium carbon quenched and 
tempered steel welded with Electrode E-lOOlO provided 
that adequate (400° F.) preheat and suitable post¬ 
welding thermal stress relief are employed. Alloy ferritic 
electrodes, with modified lime base mineral type coatings, 
permit welding of such steels without preheat, and after 
stress relieving yield strengths exceeding 95,000 psi. were 
obtained in transverse tensile tests of Vs-in. tWck butt 
welds in 0.26% C, Mn-No steel. 

While the toughness of the weld-affected base metal or 
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the weld metal itself may be less than that of unwelded 
quenched and tempered base metal, structures fabricated 
from properly made quenched and tempered base metal 
are not subject to general brittle failures, even when at 
relatively Wgh-strength levels, because local brittle 
failures in the weld joint do not readily propagate 
through the unaffected base metal as they do in structures 
fabricated from hot-rolled steels which lack toughness. 
This is demonstrated by repeated impact tests of butt 
weld joints (Table 11) and by simtilated service impact 
testing at subnormal temperatures of welded box beams. 

The importance of the attitude of confessing ignorance 
with regard to certain of the fundamental factors of serv¬ 
ice or the relative importance of these factors as involved 
in weldability evaluation should be emphasized. While 
it is possible to set up tests for strength, toughness, 
soundness and other special quality characteristics re¬ 
quired for structural applications, these tests are of value 
only to the extent that their results may be correlated 
with service performance. Where such factors as geo¬ 
metrical constraint and residual stresses introduced 
dufing fabrication must be considered in specifying the 
degree of strength, toughness and soundness required for 
the base metal and weld joints of a fabricated structure, 
the necessity for full-scale service or simulated service 
tests is readily apparent. 
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Reviews of Recent 
Foreign WeHing 
Literature 

Editorial Nc^te —The Welding Research Council is 
unable to obtain current foreign wdding literature and 
these abstracts are taken from the Welding Literature Re¬ 
view published by the Institute of Welding. 

The Quality op Resistance Flash Welds of High 
Tensile Steels. Ill. Luftfahrtforschung, vol. 21, 
1944, Feb. 28, pp. 17-28. 

The experiments were carried out mainly with two Cr- 
V alloy steels, one of which contained ^so Mo. The 
chemical compositions are given. The material was 
available in plates 12, 20 and 25 mm. thick and 120 mm. 
wide, the fla^ butt welds being carried out on a A.E.G, 
resistance welding machine employing a specific upset 
pressure of '^5 kg./mm.* over a travel of 4r-7 mm. The 
material burned away corresponded to about 12-16 mm., 


the total welding time 30 sec. After welding the joint 
was cooled in air and subsequently heat treated, the three 
different processes employed being given in full. Tests 
covered the usual mechanical qualities such as tensile, 
notch impact, fatigue and bending. The results of these 
tests are given in full. {Abstract^ in J. Roy. Aero. Soc., 
1944, Oct., pp. 606-607.) 

Eigenschaften Hochwertiger Stahlbander vnd 
Ihrer Punktschweissverbindungen. Ill. (Prop¬ 
erties of High-Grade Steel Strips and of Their Spot- 
Welded Connections.) Luftfahrtforschung, 1944, Jan. 
6, pp. 311-322. 

This is a report on an investigation of the properties of 
soft-annealed, refined and cold-rolled strips. These 
strips were of nonalloyed, low-alloyed and austenitic 
steels, in thicknesses of 0.3, 0.6 and 1.0 mm. The inves¬ 
tigation was made to determine the following properties: 
static strength coefficients in the longitudin^ and trans¬ 
verse direction before and after annealing; reaction tc 
corrosion in fresh water and in a sodium-chloride solu¬ 
tion; proper coating materials as surface protection; 
and reaction to stress corrosion. Static strength, tensile 
strength and fatigue strength of spot-welded connections 
were also investigated. There are 57 illustrations 
{Abstracted in Aero. Eng. Review, 1944, June, p. 97.) 
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Graphitization of Welded and of 
End-Quenched Carbon and 
Molybdenum Steels* 

By G. V. Smith^ and S. H. Brambii^ 


Abstract 

End-quenched specimens and welded samples of a series of carbon 
steels ranging from 0.15 to 0.80% carbon, and of low-carbon 0.5% 
molybdenum steels, some of which had been beat treated 4 hr. at 
1300** F. immediately after welding with the aim of preventing 
graphitization, were examined for graphite after 1000, 2000 and 
3000 hr. at 975-1050* F. 


Introduction and Summary 

E arly in 1943 an interesting and important failure 
occurred in a molybdenum steel steam pipe ^^ch 
had been in service for about 5 Vj yrs. at about 
950® F. at the Springdale Generating Station of the 
West Penn Power Co. This failure has received wide 
publicity within the power industry and has occasioned 
both a great deal of speculation as to its cause and a 
great deal of experimental investigation directed at pre¬ 
venting its occurrence and at rehabilitating affected pipe; 
some of this has already been described in the litera- 
ture.*“* This report describes further investigations 
directed along two principal lines, namely, study of weld 
samples and of end-quenched samples of 0.15-0.80% 
carton steels and of low-carbon 0.5% molybdenum steels. 
Metallographic examination was made after 1000 and 
2000 hr. at 975® F. and after 2000 hr. at 975® F. plus 
1000 hr. at 1050® F. After each 1000-hr. pmod a por¬ 
tion of the sample was taken for examination, the re¬ 
mainder being returned to the furnace. 

With the weld samples, a study of the effect of a few 
variations in type of steel, original condition of treatment, 
speed of welding, and of heat treatment immediately 
after welding, showed that localized graphitization oc¬ 
curred in the heat-affected zone of a weld laid down at a 
relatively rapid rate on molybdenum steel; also that this 
localized graphitization was successfully prevented in a 
companion section by treating the affected portion for 
4 hr. at 1300® F. prior to exposure at 975-1050® F., as 
suggested earlier by Smith and Miller.* 

The second portion of the investigation was a metallo¬ 
graphic study of the progress of graphitization in end- 
quenched samples of several plain-carbon steels of differ- 
^t carbon content and of molybdenum steels made by 
both coarse- and fine-grained deoxidation practice. The 
purpose of end quenching was to produce a gradient of 
structure and thereby to permit a qualitative study of the 
effect of the initial structure upon tendency to graphitiza¬ 
tion. Unfortunately, none of the molybdenum steels 
graphitized imder the conditions of experiment. All the 

* Contributed bjr the Joint A.S.T.M.-A.S.M.B. Research Committee on the 
Effect of Temperature on the Propertiet of Metals (or presentation at the 
Annual Meeting, New York, N. Y., November 27-December 1, 1944, of The 
American Society of Mechanical Engineers. 

fResesuch Laboratory, U. S. Steel Corporation of Delaware, Kearny, N. J. 


carbon steels graphitized, however, and of the various 
structures present in the end-quenched samples, marten: 
site was most subject to graphitization. In the marten¬ 
site region the number of nodules of graphite was large 
but their size was small, whereas in the pearlite region the 
ntunber of nodules was very small but their size was 
relatively large. 


Experimental Deteuls 

Weld Samples 

The Springdale Station failure resulted from graphiti¬ 
zation in that region of the heat-affected zone of a weld, 
which during the welding had reached a temperature of 
some 1350® F., i.e., slightly above the lowest transforma¬ 
tion temperature. It has been postulated* that graphiti¬ 
zation occurred in this region because the carbide re¬ 
sulting from transformation of the carbon-rich austenite 
which formed during welding, was more unstable, owing 
to difference in composition, than carbide remote from 
this region. Whether or not differences in composition 
are significant, it is a fact that graphitization occurred 
in the narrow region heated to sUghtly above the lower 
critical. Further, the gradient of structiu-es characteris¬ 
tic of such treatment can be produced only by welding 
or by gradient heating in some manner. Therefore, to 
study rile phenomena it is necessary to use one of these 
two methods but since in the latter it is difficult to obtain 
a reproducible steep temperature gradient, weld beads 
were used. 

We obtained, through the courtesy of Mr. R. W. 
Emerson of the Pittsburgh Piping and Equipment Co., 
a piece of pipe which had been removed from the Spring- 
d^e Station. Sections approximately 1 x 2 Vj x 4 in. 
were prepared from the pipe, and one was normalized 
Vi hr. at 1650® F. and the other Vj hr. at 2000® F.* in 
order to permit study of the effect of initial structure. 
The markedly different structures resulting from these 
treatments are shown in Figs. 1 (fl) and 1 (5), respec¬ 
tively. Sections approximately 1 x 3 x 4 in. were also 
prepared from a molybdenum steel of coarse-grained de¬ 
oxidation practice (the Springdale pipe was of fine¬ 
grained deoxidation practice) and from a plain-carbon 
(S.A.E. 1020) steel of fine-grained deoxidation practice, 
both of which had been normalized */* hr. at 1650® F. 
The structure of the “coarse-grained” molybdenum 
steel was intermediate between ^at of Figs. 1 (a) and 
1 (5), whereas the plain-carbon steel had a grain structure 
similar to Fig. 1 (a), except that, as might be expected, 

* The pipe in which the original failure occurred bad had a very coane 
grain sise which resulted during an upsetting operation prior to welding and 
there was some thought that this contributed to graiMiititation. See 
reference 2. 
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Fig, 1—Springdale Pipe. Picral Etch. X 250 


the structure showed no Widmanstatten characteristics. 
A description of these steels is given below; 


Deoxidation Chemical Composition*— —» 

Steel Practice C Mn P S Si Mo A1 

Vt Mo (Springdale 

Pipe) Fine-grain 0.14 0.50 0.015 0.020 0.17 0.47 ... 

>/t Mo Coarse-grain 0.16 0.83 0.019 0.023 0.23 0.49 0.005 

S.A.E. 1020 Pine-grain 0.20 0.54 0.016 0.030 0.20 ... 0.031 

* Tbe analysis of the Springdale material is that reported for the pipe in 

which the original failure occurred, and not necessarily that of our samples, 
though melted to the same specification. 


On the opposite faces of each of the sections, a narrow 
and a wide weld bead were laid down under the following 
conditions: 

Preheat: None—at room temperature 
Electrode; For*/* Mo: Murex C-Mo 50 
For S.A.E. 1020: Murex F 
Weld type: Bead weld deposited in flat position 



Wide 

Narrow 

Current, amp. 

285 

200 

Arc voltage 

30 

28 

Speed, in./min. 

3 

9 

Heat nput, Btu./in. 

171 

37 


The appearance of a typical weld sample is shown in 
cross section at 2 X in Fig. 2. 

Each such weld sample was cut transversely into two 
equal sections, one of which was subjected to a tempera¬ 
ture of 1300° F. for 4 hr. and air cooled. All sections 
were tlien introduced into a muffle-type furnace at 975° 
F. for 1000 hr. Upon removal from the furnace, a trans¬ 
verse section was taken from each sample and the re¬ 
mainder returned to the furnace at 975° F. and held for 
another 1000 hr. After this interval, sections were again 
taken and the remaining portions introduced into the 
furnace, whose temp)erature had been raised to 1050° F., 
and held for a final lOOO-hr. j>eriod. 

End-Quench Samples 

For the second main portion of the study, standard 
end-quench test specimens 1 in. in diameter by 3 in. in 
length were prepared from the following steels; 


DeoxidatioD ^—-Chemical Composition, %-. Remait! 

Type Practice C Mn P S Si Mo 


Vi Mo Fine-grain 

V« Mo Coarse-grain 
S.A^. 1015 Fine-grain 
S.A%. 1045 Fine-grmin 
‘S.A.E. 1080 Pine-grata 


0.16 0.83 0.019 0.023 0.23 0.49>c 
0.16 0.83 0.019 0.023 0.23 0.49/^***“ 
0.18 0.50 0.013 0.027 0.16 ... 

0.460.710.0320.0360.21 ... 

0.800.640.0140.0280.21 ... 


beat 


Three specimens were prepared of the “fine-grain’ 
0.5 molybdenum steel and one of each of the other steels 
All samples were heated in cast-iron chips (to minimis 
oxidation and decarburization) for Vj hr. at 1650° F 
and end quenched according to standard procedun 
Immediately after quenching two of the “fine-grain 
0.5 molybdenum steel samples were given a heat treat¬ 
ment of 3 hr. at 1200° F. and 24 hrs. at 1300° F., respec¬ 
tively, with a view to studying the effectiveness of sud 
treatments in preventing graphitization (assuming that 
graphitization occurred in the sample end quenched onlvl 
All samples were then subjected to the beating and 
sampling schedule described for the weld samples. I 
Because of the general interest in the question whetbaj 



/ 


a 

Fig. 2—Weld Sample. Narrow and Wide Weld Beads. Etcbic 
with Nital Then Picied. x 2 
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steels containing chromium are immune to graphitiza- 
: tion, sections of two such steels, Bain steel and 5 Cr- 
I V 2 Mo, were included. The initial conditions were as 
I normalized Vj hr. at 1700° F. and as-treated 4 hr. at 
1300° F. immediately after normalizing. The chemical 
composition of these steels was as follows: 


Type 

C 

Mn 

P 

S 

Si 

Cr 

Mo 

Bain 

0.16 

0.52 



0.55 

1.78 

0.78 

5 Cr-‘A Mo 

0.13 

0.37 

0.016 

o.oil 

0.36 

5.48 

0.61 


Results and Discussion 

Weld Samples 

After 1000 hr. at 975° F., the sections removed from 
the weld specimens were carefully examined, particularly 
near the lower end of the heat-affected zone, for the 
presence of graphite. The only instance in which graph- 
. ite was detected was at the lower end of the heat- 
I affected zone of the narrow weld in the Springdale sample 
which had previously been normaUzed at 1650° F. This 
graphite was extremely fine and could not generally be 
resolved as such, though its presence in the heat-affected 
zone and absence elsewhere made it quite probable that 
it was indeed graphite. In the companion portion of this 
weld which h^ received the 4-hr. treatment at 1300° F. 
after welding, no such structure was detected, nor was 
any detected in any other of the weld samples whether 
heat treated after welding or not. 

After 2000 hr. at 975° F. the small dots had grown to a 
size sufficient to permit them to be clearly resolved as 
graphite (Fig. 3 (a)) and again no graphite was detected 
in ^e sample treated after welding or in any of the other 
samples. 

To accentuate the effect, and because the sample 
. available was nearly gone, the temperature of the last 
1000-hr. exposure was increased to 1050° F. At the end 
of this period, the graphite in the heat-affected zone of 
. the narrow Springdale 1650° F. sample had grown to 
appreciable size, as shown in Fig. 3 (5), and there can be 
little doubt that, given time, graphitization would pro- 
, gress to a dangerous degree similar to that in the original 
Springdale failure. The companion portion of this weld, 
/heated 4 hr. at 1300° F. after welding, had still not de¬ 
veloped any graphite, as showm in Fig. 3 (c); this photo- 
xnicrograph was taken at a position comparable to that 


of Fig. 3 (6), i.e., in a portion of the heat-affected zone 
which had reached a temperature of approximately 
1350-1400° F. Thus, the efficacy of the preventive 
treatment suggested by Smith and Miller^ has been 
proved, at least for the sample studied. 

Though not detected in the earlier samples, graphite 
was observed in the heat-affected zone of the wide weld 
of the Springdale 1650° F. sample after the 1050° F. 
treatment, though in rather small amount and spread 
over a greater distance (as could be expected for a wide 
heat^affected zone) than in the heat-affected zone of the 
narrow weld. There were also occasional bits of graphite 
in the unaffected base metal of this sample. No graphite 
was detected in any position in any of the other sampte. 
Since no graphite was found in the plain-carbon steel, 
one must conclude that the tendency to graphitize is 
greater in certain molybdenum than in some plain-carbon 
steels, which is rather surprising when it is remembered 
that carbide-forming elements, such as molybdenum, are 
generally considered to contribute to increased carbide 
stability. Apparently these phenomena are still far from 
being completely understood. 

End-Quenck Samples 

None of the end-quenched molybdenum steels, 
whether of fine-grain or coarse-grain deoxidation practice 
or whether heat treated after quenching or not, showed 
graphite in any of the structures developed by end 
quenching even after 3000 hr. exposure. Likewise none 
of the 5Cr-VsMo or Bain steel samples graphitized. 

In contrast to this all of the plain-carbon steel speci¬ 
mens showed graphite. The ms^ensitic zone was quite 
limited in the plain-carbon steels, being only slightly 
more than V* in- long in the S.A.E. 1080 steel. Charac¬ 
teristically, there were many small nodules of graphite 
in the martensitic zone of the water-quenched end, 
whereas in the remaining portion of the sample the 
graphite nodules were much larger but at the same time 
much fewer in number. The structures of the S.A.E. 
1080 steel, Fig. 4, illustrate the type of behavior. Figure 
4 (o) shows the small nodules of graphite which develop 
in the martensitic region, Fig. 4 (5) shows the larger segre¬ 
gated nodules which develop in the transition martensite 
to fine pearlite, and Fig. 4 (c) shows the still larger, iso¬ 
lated n^ules characteristic of the pearlitic portion. The 
amount of graphite in the martensitic and “transition” 
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(a) 

2000 Hr. at 975° F. 

(b) 

2000 Hr. at 975° F. 

1000 Hr. at 1050° F. 

(c) Field and Treatment Similar to (b) 
but With Treatment of 4 Hr. at 1300° F. 


P Prioz to 975-1050** F. Treatment 

Fig 3—Region R (Fig. 2) of Heat-Affected Zone of Nemrow Weld Bead on Springdale Pipe Normalized at 
16^° F., Showing (a) Graphite Developed During 2(X)0 Hr. at 975° F., (b) Graphite Developed During 
20(X) Hr. at 975° F. Plus 1000 Hr. at 1050° F., and (c) Lack of Graphitization When Exposed as in (b) but 
Treated 4 Hr. at 1300° F. After Welding. Picral Etch. X 750 
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1000 Hi. at 975“ F. 


1000 Hr. at 975“ F. 
1 Wk. at 1300“ F. 


1000 Hr. at 975“ F. 
3 Wk. at 1300“ F. 


Fig. 4—End-Quenched S.A.E. 1080 Steel, Reheated as Noted. The Rows Represent Different Positions 
Along the End-Quenched Bar, Row (a) Being in the Martensitic, Row (h) in the Transition and Row (c) in the 
Pearlitic Zone as Originally Quenched. Picral Etch. X 750 


zones was very appreciably greater than in the pearlitic 
portion. The remaining photomicrographs of Fig. 4, 
which may be of interest, w^e taken merely to show that 
graphite in plain-carbon steel is stable at 1300° F. and 
will therefore continue to grow, in contrast to graphite in 
a sample of 0.5 molybdenum steel which was shown to 
revert to carbide when heated at 1300° F.‘ The three 
photomicrographs in each row of Fig. 4 were taken at 
approximately the same position and clearly illustrate 
that graphite continues to grow at 1300° F. For the 
heating at 1300° F., a small section was cut from the 
end-quenched sample and sealed tn vacuo in a silica 
vessel to prevent decarburization and oxidation. 


On further heating of the end-quenched samples for 
another 1000 hr. at 975° F. and for 1000 hr. at 1050° F-. 
the graphite grew in each case, but no new observations of 
interest were made. 

Why the number of nodules should be so great and their 
rate of growth so small in the martensite region and why 
just the opposite should be true in the pearlite region i> 
not known. It is also interesting to note that the end- 
quenched sample of 0.15 carbon steel developed graphite, 
whereas the weld sample of plain-carbon steel of simil-u 
carbon content did not. Evidently there is yet a greit 
deal that is not understood about the phenomena <-■: 
graphitization. 


WELDING RESEARCH SUPPLEMENT 


Di. 


i, Google 


156-8 


MARCH 



BoieroncM 


1. E«n, H. J., and Bbarlc, P.. “OnpUtlMtUMi C*u«ed by Testinc Condi* 
tiont on Carbon-Molybdenom Tnbtilnr Creei^Test Specimens,'' in the booklet, 
CrapkiiiMOtion of St»A Ftping, pnbUsbnd April 1944 by Americnn Society of 
Mecbenicnl Engineers. 

2. Emerson, R. W., “Csrbide Instsbility of Cerbon-Molybdennm Steel 
Piping.’* in the booklet, CropkUUation of Sum Piping, published April 1944 by 
A ni er ten n Society of Meehnnkel Engin eers . 


3. Smith, O. V., and Miller, R. P^“A Possible Means of Avoiding Local 
Graphitlsation of Steels in Swice at Elevated Tempemtures," in the booklet, 
GrspAiftssfioii of SUol Piping, published April 1944 by American Society of 
Mechanical Engineers. 

4. Weisberg, H., "Report on High-Temperatorc Pipe Weld Investigation,” 
in the bor^let, Crofhitiaation of SUm Piping, published April 1944 by Aiaerican 
Society of Mechanical Englneecs. 

9. Smith, G: V., MiliCT, R. P., and Terr, C. O., "Precipitation and Re* 
version of Graphite in Low*Carbon Low*Alloy Steel in the Temperature Ran^ 
900 to 1800* R," A.I.M.E. Technical Paptf 1696,1944. 


Spot Weld Characteristics of Heavy 
Gages of 24ST Alclad Aluminum Alloy 

By M. L. Ochieazio^ 


Introduction 

T his investigation was conducted to determine the 
characteristics of spot welds made on a double¬ 
impulse D.-C. welder. The double-impulse ar¬ 
rangement for D.-C. welders was developed by George 
Rose, Section Supervisor, Lockheed Factory "A." 
Federal D.C. spot welder #17* was reworked to accom¬ 
modate this circuit. 

Tests were conducted to determine shear and tension 
strengths and consistency on 0.091, 0.102 and 0.125 
24ST Alclad. Salt spray corrosion specimens were also 
welded but due to the overloaded conditions of the cor¬ 
rosion tanks the results of these specimens shall be re¬ 
ported at a later date. 

The program was expanded to include 0.156 24ST 
Alclad. Tests were conducted on shear strength speci¬ 
mens only. 

Procedure 

1. Spot-welding tests were conducted on equal thick¬ 
ness combinations of 0.091, 0.102, 0.125 and 0.156 24ST 
Alclad aluminum alloy. 

2. Shear strength consistency test panels (Fig. 22) 
and "U'’ tension specimens (Fig. 24) were welded in the 
following gages: 0.091, 0.102 and 0.125 24ST Alclad 
aluminum alloy. 

3. Single-spot tests specimens were used in the 0.156 
24ST Alclad (Fig. 23). 

4. Standard shop cleaners and etchant were used for 
preparing all specimens for welding. Detailed Cleaning 
and Etching Procedure is given in Appendix 2, Table 5. 

5. Etching times were developed through trial of 
various etch times and observing spot welds for surface 
flashes, faying surfaces flashes and tip pickup and other 
flaws that are characteristic of improper pre-spotweld 
preparation. 

6 . Spot welding was conducted using the following 
equipment; 

a. Federal Condenser Discharge spot welder #17. 

(1) Spotwelder equipped with two condenser 
banks, second bank arranged to discharge 
electronically. This two-impulse arrange¬ 
ment was used to weld all specimens. 

t Production Deaira EoKineer, Lockheed Aircraft Corp., Burbank, Calif, 

* See Appendix 3 for details. Will be referred to hereafter in text as 
D.C. spot welder 17. 



Fig. 1—^eu and Tanaion Strangtlu Diqwnion Chart 0.091 
24ST Alclad D.*C. Currant 


(2) The following S35ecimens were welded on this 
machine: 

(a) 0.091, 0.102 and 0.125 24ST Alclad in 

botb shear strength consistency panels 
and “U” tension strength specimens. 

(b) 0.156 24ST Alclad single-spot shear 

strength consistency specimens. 

(c) Oscillograms were taken at time of weld¬ 

ing of the following specimens: 0.091, 
0.125 and 0.156. 

Note : Oscillograms were not taken of all 
settings due to equipment not being 
available at time of welding. 
b. Federal A.C. 400-Kva. pulsation spot welder #7. 

(1) Two pulses of current were used to weld all 
specimens. 

(2) 0.156 24ST Alclad single-spot shear-streng^ 
consistency specimens only where run on this 
piece of equipment. 

7. Spot-welding technique was developed by testing 
welds for shear strengths and by cross sectioning of 
several welds and examining the geometry, structure 
and penetration of the weld nugget. Sheet separation 
caused by the extrusion of the wdd nugget was also con¬ 
sidered in determining machine setup. Machine settings 
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were varied until desired results were obtained, then speci¬ 
mens were joined using developed settings. 

8 . Shear strength consistency panels were band- 
sawed into single-spot specimens after spot welding. 

9. Physical Tests: All shear strength specimens 
and “U” tension strength specimens were puU^ on the 
Baldwin-Southwark testing machine located in the 
Engineering Laboratory and all results recorded. 

a. Rate of loading specimens was 3000 lb. per minute. 

10. Metallurgical Examination: Selected specimens 
were cross sectioned, etched, mounted and examined 
under high magnification by Lockheed A-1 Metallurgical 
Laboratory. 

All photomicrographs by Metallurgical Laboratory. 

All macrophotographs by Triplett and Barton 

11. Corrosion Tests: Duplicate sets of shear strength 
consistency panels and “U” tension streng^ specimens 
in the 0.102 and 0.125 gages of 24ST Alclad were welded 
for corrosion tests. However, due to the overloaded 
condition of the salt spray tester, corrosion testing of 
these specimens shall have to be delayed until such time 
as they can be accommodated. 

The results of the corrosion tests will be reported at a 
later date as a supplement to this report. 

Results 

1. Summary of shear strengths is shown in Table 1. 

Note: A variation in strength of *10% of the aver¬ 
age values is permitted in 21 of the 25 shear specimens 
submitted to ^e inspector. A variation of *20% is per¬ 
mitted on the remaining 4 specimens of each group. The 
ratio of tension to shear strength based on average val¬ 
ues of single spots shall be at least 25%. 

2. Summary of tension results on 0.091, 0.102 and 
0.125 24ST Alclad are shown in Table 2. 


TabI* 2—Tansion Tut Ruulta 
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raest OP spouu* 

Fig. 2—Shear and Tennon Strengtha Dispersion Chart 0.102 
243T Alclad D.-C. Current 

Discussion of Results 

The shear and tension strengths and the strength con¬ 
sistency of the spot welds made in the heavy gages of 
24ST Alclad satisfactorily meet Army, Navy and Lock¬ 
heed “A” specification requirements. Table 1 shows the 
shear strength summary. Table 2 shows the tension 
strength summary. 

The D.C. welder #17 and A.C. welder #7 both proved 
capable of satisfactorily welding 0.156 24ST Alclad alu¬ 
minum alloy. 

The strength dispersion of shear strength and tendon 
strengths is shown in Figs. 1 through 6. The 0.125 24ST 
Alclad strength dispersion (Fig. 3) had a broad scatter 
range both in the shear streng^s and tension strengths. 
This strength dispersion was outside of the specification 
retirements; only 20 specimens of the 25 were within 
10% of the average. Seven specimens failed to meet the 
specification minimum shear strength of 2100 lb. per spot. 

The cause of this wide dispersion and low shear 
strengths is immediately apparent upon studying the os- 



24ST Alclad D.-C. Current—^RuiUts Unsatufactory (See Fig. 
3(A)) 
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cillogram of the 0.125 24ST Alclad setting (Fig. 8). 
The forge pressure was applied ahead of the second im* 
pulse thereby nullifying the benefit to be derived from 
this flow of current. 

A 25-spot shear strength panel was nm as a recheck 
on the 0.125 material to substantiate the findings. The 
forge delay timer was increased 0.02 of a second. The 
balance of the setup was not changed. The strength dis¬ 
persion of this recheck is shown in Fig. 3 (A). The recheck 
results show a considerable improvement in consistency. 
The dispersion range was considerably narrowed; ^ 
out of the 25 specimens were within 10%. The one re¬ 
maining specimen was only 0.6% above 10% of average. 
No specimens fell below specification minimum require¬ 
ments. 

No recheck was run on the tension strengths as it was 
assumed that factors which corrected the shear disper¬ 
sion would also correspondingly correct the tension dis¬ 
persion. 

The oscillogram shown in Fig. 7 covers setup used for 
0.091 to 0.091 24ST Alclad. This oscillogram also shows 
that the forge pressure was applied early coming in just 
when the current had reached its peak. Some good was 
derived from the second impulse as the forge came at the 
time the peak was reached. The weld at this point was 
completely formed The effect of the balance of the sec¬ 
ond impulse was not of sufficient magnitude to cause a 
scatter in weld strengths. Its action on the weld was 
more or less in the effect of postheat. 

The dispersion charts on the 0.156 24ST Alclad re¬ 
vealed that the a.-c. pulsation welder produced welds of 
better consistency, as shown by comparing Fig. 4 D.C. 
welder #17 with Fig. 5 A.C. welder #7. 

However, the welds on the d.-c. welder showed accept¬ 
able consistency. One spot weld out of the 47 tested had 



a dispersion of plus 21.3%, an increase of only 1.3% 
above the upper limit. The significance of this weld was 
disregarded inasmuch as the ultimate strength was above 
the upper limit. The dispersion chart (Fig. 4) shows 40 
out of 46 welds were within 10% of averj^e and the bal¬ 
ance within 20% of average. This ratio is well within 
specification requirements. Further, study of the chart 
show that the possibility of a spot strength falling 
below the —20% lower limit is rather remote which is 
indicative that the current output of the welder is of 
sufficient magnitude to form welds of satisfactory 
strength in 0.156 24ST Alclad. 

The oscillograms shown in Fig. 9 relate conditions 
present during formation of the welds in the 0.156 24ST 
Alclad. 

Comparing the foi^e application time on this oscillo¬ 
gram with oscillograms Figs. 7 and 8, it is readily appar¬ 
ent that the forge pressure came in later and was more 
ideally timed. 



Fig. 5—Shear Strength Dispersion Chart 0.156 24ST Alclad— 
AC. #7 Set-Up No. 1 


Metallurgical examination revealed small microscopic 
cracks and porosity under high magnification on this 
particular setup. These minute defects are characteris¬ 
tic of all spot welds in heavy gage materials and should 
in no way reflect on the quality of the weld structure. 
However, there still lies a possibility that slight variance 
in forge time application, increases in weld pressures 
and/or forge pressures may materially eliminate this 
characteristic. The oscillogram shows that the forge 
pressure could have been applied 0.01 to 0.02 sec. sooner 
without any detrimental effects on the mechanical prop¬ 
erties. This earlier forge application would allow the in¬ 
creased pressure to come in on a slightly more plastic 
material, the results of which can be assumed to a be a 
finer grain structure. 

No specimens for physical testing were run on setting 
shown by oscillogram. Fig. 10. This picture was taken 
primarily to determine the wave form and magnitude of 
current peak using 486:1 turns ratio and top voltage. 
Comparing this setup with Fig, 9, setup used to conduct 
tests, the former setting appears to be the better. Note 
that the forge application comes in sooner and slightly 
higher up on the decaying current wave. 

At this point it may appear confusing, inasmuch as 
oscillograms were taken, as to why the setup was not per¬ 
fected prior to running the actu^ specimens for labora¬ 
tory tests. The reason for this was that difficulties with 
forge delay timer setting were anticipated. As this in¬ 
vestigation was as production-wise as research-wise, it 
was deemed advisable to observe how much difficulty 
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Table 3—BAetallographio Summary 
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would be encountered by the operator in obtaining a 
correct setting through just visual observation of the 
outer surfaces and inner structure appearance and physi¬ 
cal testing of sample spot welds. 

The results obtained were quite evident that the forge 
delay settings should not be left to chance. 

The tension strength results as indicated by the ratio 
of tension to shear streng^ are indicative of very ductile 
welds. Table 2 shows the per cent ratio of tension to 
shear strengths to be above 50% for all the three gages 
tested. The LAC “A” specification 1421 specifies that 
the tension to shear streng^ ratio “shall be at least 
0.25.” 

The tensile strength of the spot is derived from pulling 
a single spot using “U” test coupons as shown in Fig. 
24 in Appendix 2. The direction of the applied load is 
indicated by the arrows. 

The tension test will give an indication of the ductility 
of the spot weld. This is based on the assumption that 



there is a concentration of stresses at the outer edges of a 
brittle sp>ot when it is tested in tension. The concen¬ 
tration of these stresses causes the spot to fail at a low 
tensile load. In a ductile spot weld deformation reduces 
concentration of stresses and the resultant total tension 
strength is correspondingly higher. 

Setup No. 2 run on A.C. welder #7 failed to meet 
specification requirements as to consistency (see Fig. 6), 
although all specimens were above established Lockheed 
“A” minimum requirements of 2700 lb. per spot for 
0.156 24ST Alclad. The failure of this setup to meet 
satisfactorily consistency requirements is attributed to 
insufficient pressure at the time of the first weld pulse. 
Comparing setups Nos. 1 and 2, see machine settings 
Table 5 in Appendix 2. In setup No. 2 a 10-in. radius top 
tip was used whereas a 6'in. radius tip was used in setup 
No. 1, a current increase of 6 points on the heat dial and 
a pressure increase of 175 Ib. at the time of the first weld 
pulse. The only change which could result in this in¬ 
consistency, naturally, was the tip radius. The pressure 
increase of 175 lb. was not sufficient to give an equivalent 
pounds per square inch pressure distribution when using 
a 10 in. radius as compared to the 6 in. radius used on 
setup No. 1. 


Tabl«4 


Flow 

Sequence 

Immersion Time, Min. 

0.091 24ST 



0.15624ST' 

Hot soap cleaner 

10 

10 

mm 

10 

Hot water rinse 

1 

1 

1 

1 

Hot etch solution 

8 

8 

10 

12 

Hot water rinse 

1 

1 

1 

1 

Hotair blast 

3 to 5 

3 to 5 

3 to 5 

3 to 5 


All specimens were welded within 6 hr. after etching. 
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Fig. 13—0.156-In. A. C. Weld—Two-Zone Cast Structure. 
SO X 


A —0.091 24ST Alclad—Double-Impulse D. C. Current 


B —0.125 24ST Alclad—Double Impulse D. C. Current 

Fig. 11—Photomacrographs of Spot Welds in Alclad Made on 
D.-C. Equipment. 7 X 


Longer etch times are required on the heavier gages of 
24ST Alclad. Too short an etch time results in flashing 
at the faying siufaces, cracks and porosity. Slightly 
overetched parts( (etchant 84A) can be welded satis¬ 
factorily whereas specification welds cannot be made in 



underetched parts. The heavier gagis of aluminum al¬ 
loys evidently are capable of supporting heavier alu¬ 
minum oxide coatings. Flow sequence and immersion 
times used on the various gages are shown in Table 4. 

Spot welds realized in between tip cleaning operations 
D.C. #17 


0.091 24ST Alclad.65 spots 

0.102 24ST Alclad.60 spots 


Fig. 12(A)—Photomacrograph of Spot Weld in 0.156 24ST 
Alclad Using DouMe-Impulse A. C. 6 X 
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Metallograpliic Examination 


0.125 24ST Alclad 
0.156 24ST Alclad 


40 spots 
20 spots 

Spot welds were cross sectioned, mounted, polished 
and etched. The welds were examined for size, nugget 

0.156 24ST Alclad.15 spots penetration, structure and sheet separation by ^e Met- 

The number of welds obtained on the double-impulse allurgical Laboratory. These results are listed in Table 
D. C. is quite high considering the heavy gages being 3. 

welded. It should be noted that a greater number of Photomicrographs (Figs. 13 and 14) represent sec- 
spots obtained on the D.-C. welder when compared to the tions through 0.156 A.-C. weld using setup No. 2. This 
A.-C. welder on the 0.156 24ST Alclad material. setup failed to meet consistency requirements. The 

The adoption of the D.-C. double-impulse method on decrease in pounds per square inch in weld pressure is 
^e lighter gages should result in a greater number of inunediately apparent upon comparing Fig. 14 to Fig. 16 
welds between cleaning than is now being realized. The (setup No. 1). Considerably coarser grain size is evident 
two low-current peaks in lieu of one high-current peak 

would give cooler electrode tip operation. Photomicrographs (Figs. 15 and 16) represents sections 

through 0.156 A.-C. weld using setup No. 1. Figure 15 












FICUBE "A” 


nOURE *B’ 


Fig. 19—0.102.IU. D..C. Weld—Corona Area. 50 X 


Fig. 21 


shows zone through corona area and extrusion of eutectic 
into and along dad boundaries. 

The spot welds on the A.-C. pulsation welder dearly 
showed two distinct weld nuggets giving the ap^arance 
of one small weld within a large weld. Close study of 
Fig. 16 will show a central cast zone coaxial in structure, 
a dendritic or columnar structure representing the inner 
weld. The next zone outward again returns to the co¬ 
axial structure which represents the central zone of the 
outer weld. The next zone outward not shown in photo¬ 
micrograph was dendritic in structure. This unusual re¬ 
petitive formation of normal zones is due to the six-cycle 
cooling period between current pulses. 

Figures 17 and 18 represent sections through 0.156 
D.-C. weld. Zone through “Corona Area” shows intru¬ 
sion and extrusion of the eutectic into and along the 
grain and clad boundaries. The central cast zone ap¬ 


pears to be a combination of coaxial and dendritic struc¬ 
ture. 

Figures 19 and 20 represent sections through 0.102 
D.-C. weld. Corona area shows slight intrusion into the 
grain boundaries. The cast structure portrays a zone of 
fine-grain structure coaxial in nature. 


Thicknesses: 0.091, 0.102 and 0.125 24ST Alclad 

Fig. 22—Shear Strength Consisiency Pan^ 

All panels were band-sawed into single-spot specimens after all 
spot-welding and corrosion tests were completed. 

Panels were held togetiier with Yates wire clamps and welded 
from left to right in one continuous run. 


Extrusion or intrusion to some degree was present id 
most of the welds. The 0.125 gage was the only structure 
that was entirely free of extrusions or intrusions. 

This condition is generally indicative of too much heal 
or too sharp a tip radius. Correction can be made 
through increasing the weld pressure and/or changing to 
greater tip radius. 
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Fig. 20—0.102-Iii. D.-C. Wald—Cast Structura. 200 X 


Thickness: 0.156 24ST Alclad 
Fig. 23—Single-Spot Shear Specimen 











Conclusions 

1. Spot welds of acceptable consistency and strength, 
soond structure, good penetration and minimum sheet 
separation can be made on material thicknesses up to 
2-^ Alclad using the double-impulse D.-C. raethcwd or 
double-pulse A.-C. method. 

2. Longer etch times are required on the heavier 
gages of 2^T Alclad. 

1 Double-impulse method on D. C. produces welds 
of high ductility as indicated by the high ratio of tension 
to shear strength. The Lockheed "A” specification spe- 
dhes a minimum equal to 25% of the average shear 
strength. Results obtained were above 50% of the 
average shear strength. 

4. The A.-C. pidsation welder produced welds with a 
narrower scatter range than those welded on the D.-C. 
double impulse. However, both methods produced 
welds of acceptable strength, consistency and structure. 

5. It is possible to make more welds in between tip 
cleaning on the condenser discharge than on the A.-C. 
equipment. 

6. Lockheed “A” minimum shear strength require¬ 
ments for 0.156 24ST Alclad aluminum alloy sh^l be 
2700 lb. per spot and the shop minimum set-up value 
shall be 3240 poimds. 

7. Forge delay timers cannot be satisfactorily set by 
visual observance or physical testing of the weld. .\U 
settings must be verified by oscillograms. 

Recommendations 

1. The maximum single-sheet thickness permissible 
to spot weld be increased from 0.125 24ST alclad to 
0.156 24ST Alclad. Total joint thickness not to exceed 
0.312. 

2. Oscillogram should be taken at each turns ratio 
•rtting starting at the minimum capacitance setting to 
the maximum setting; repeating this sequence of os¬ 
cillograms at each turns ratio setting. 


3. Further test be conducted on lighter gages of 24ST 
Alclad using the double-impulse D.-C. method to deter¬ 
mine: 

(a) If a corresponding percentage increase can be 
realized in the ratio of tension strength to shear 
strength. 

(5) If the application of two low-current impulses 
will materially increase the number of spots 
possible between tip cleaning. 

4. Immersion times for the gages tested should be 
^ 1 min. of the immersion times listed under Material 
Preparation (Table 4). 

5. Process Specification No. 1421 be changed to in¬ 
clude minimum shear strength requirements for 0.156 
24ST Alclad aluminum alloy. 
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Appendix 1 

Definition of Sheet Separation 

Sheet separation, as referred to in the report, is con¬ 
sidered to ^ an abrupt and distinct parting of the faying 
surfaces of the joined sheets immediately adjacent to the 
corona area (Fig. 21 (5)). Any parting of the faying 
surfaces immediately adjacent to the weld nugget was 
considered as sheet separation regardless of what form 
the parting assumed (Fig. 21 (C)). The condition as 
presented by Fig. 21( A) was not considered as sheet 
separation. 


Table 5—Machine Settings 


Hachlna 


Type Federal D»C. #17 _ Federal A. C. #7 


Material 

24ST Aided 

.091 



.125 

Reoheek 

.156 

.156 

4*1 


LockJiiW "A" 

Spec* MlnlBiai 

uoo 

1600 

2100 

2100 

2700 

2700 

2700 

Weld Button Ola. 

0.304 

0.275 

.300 

.300 

.360 

0.320 

0.320 

Electrode 
Dlaaeter ft 
Redlufi 

Top 

Contact 

Face 

1 l/4"-M #3 

5/8--4" f 

1 i/r^OI 

7/8"-4" R 

1. V4 *^J^ 

7/8"-4" R 

1 l/4"-M #3 

7/8 "-4" R 

1 l/4"-M #3 

3/4"-6" R 

1 l/4*-Mf'3 

3/4«-6" R 

1 l/4"-« #3 

1" -10* R 


1 

1 l/4-«M #3 

1 lA"-M h 

l“i74"-5 #3 

1 l/4"-M #3 

1 l/4"-« #3 

1 1/4"-M #3 


Contact 

Face 

lA'-lO-F 

7/8"-10*'H 

7/8"-10-R 

7/8"-10"R 

7/8"-6"R 

1" .10"R 


Priaary Vol 

-A so 

2700 

2656 






Heat Settlm 





SiiBi 

SEiiiHn 


68 

Vlerofared 

SettioffB 

let Pulse 
2ad Pulse 

240( 

600 

2400 

600 


IHEIuSHii 

2400 

2400 



Cycles 

Ist On 

Off 

2ai On 




■n 


8 

6 

8 

8 

6 

8 

Rubber 

Deflection 

Veld 

28-2400* 

J9-2500* 

31-2700* 

31-2700* 

31-2700* 

14-1350* 

16-1525* 

yorgA 


51-43O0V 

58-4800* 

58-4800* 

75-6500* 

46-4500* 

50-4700* 

Treoe. Tap Settlzurs 

C-2 

C-2 

B.3 


C-2 

C-3 

C-3 

Turns Ratio 

u-456d. _ 

456:r 

486:1 

486:1 

456:1 



Porfls Delay 

.06 

.04 

.06 

.08 

.05 Sec. 



Porae Valve 

.15 

.20 

.20 

.20 

.20 Sec. 



Hold TIjm 

10 

10 

10 

10 

26 

10 

10 

Sqneese Tlse 

None 

None 

None 

Rone 

None 

10 

10 


* Slectrcda fTaaaure la Fouoda 
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Appendix 3 



Fig. 24—"U" Tension Specimens 


Appendix 2 

Material Preparation 


Type cleaner.. 
Concentration 
Temperature.. 
Type of etch. 
Concentration, 
Temperature.. 
Type of rinse 
Temperature.. 


.Nobs No. 744 
6 oz. per gallon 

.180® F. 

... Oakite 84A 
6 oz. per gallon 

.180® F. 

.. .Hot water* 
.150° F. 


* Rinae tanka are provided with a continuous flow of fresh water and are 
air agitated. 


Principle of Double-Impulse Condenser-Discbetrge 
Federal l^chine #17 

The welding circuit on spot welder #17 has been re¬ 
worked to incorporate a double impulse of current flow, 
the second impulse of current being electronically con¬ 
trolled. 

The utilization of such a circuit arrangement was 
brought about due to the desire to weld gages of 24ST 
Alclsid aluminum alloy up to and including 0.156 using 
available D.-C. equipment. 

The double-impulse arrangement is accomplished 
through the use of two separate banks of condensers cap¬ 
able of being fired singly. The diarging of the two banks, 
however, is still controlled from one voltage control and 
one rectifier transformer. 

Through this circuit arrangement a continuous flow 
of current can be maintained in the welding transformer 
without reaching a point of saturation although the cur¬ 
rent is traveling in one direction. This is made possible 
through the design of the electronic firing circuit which 
allows the first impulse of current to rea^ its peak and 
decay to a determined lower level before firing of the 
second bank. This circuit can be arranged to incorporate 
three or more impulses of current fired in the same se¬ 
quence. The circuit may be further modified to incor¬ 
porate a controlled time delay in between pulses thereby 
making possible a controlled cooling period in between 
each flow of current. The amplitude of each current 
peak can be varied to give quantities of heat as desired in 
each individual ciurent impulse. An arrangement of 
this nature can be advantageously used in welc^g armor 
plate and low-alloy steels such as 4130 chrome-molyb¬ 
denum steel. The separate condenser banks may be set 
for different values so as to produce a desirable preheat, 
weld heat and postheat flow through the weld. 

The circuit arrangement is such that it may be easily 
changed from normal operation (single impulse) to 
double impulse through the manipulation of one switch 
located on the welder control panel. This change in set¬ 
ting can be easily carried out by the machine operator. 

^nsidering the inherent advantages of welding equip¬ 
ment which utilizes a three-phase current over that 
equipment which utilizes single-phase current, this par¬ 
ticular type of pulsating D.-C. current should be highly 
desirable when high-current demands are required. 


CORRECTION 


f In the August 1944 issue of the Supplement there is 
published an article on '^alue of Preheating in 
Welded Ship Construction" by I. H. Wilson of the 
U. S. Maritime Commission. Several typographiced 


errors app>eared in the Laborato^ Report of the last 
table reproduced on page 416. The corrected tahU 
is reproduced herewith. 


Fr«« Band Twt of Wolded Spoeimens 

Gage Length 


Specimen No. 

Before 

Bending 

After 

Bending 

Difference 

Percent 

Difference 

Remarks 

1. ‘/i cold 

0.68 

0.96 ■ 

0.28 

41.2 

Defect 1 in. 

2. Vi cold 

0.68 

1.05 

0.37 

54.4 

Defect Vi in. 

3, ‘/» preheat 

0.74 

0.98 

0.24 

32.4 

Defect Vi in. 

4, */# preheat 

0.78 

1.18 

0.40 

51.3 

Defect '/i in. 

6, */# room temp. 

0.76 

1.04 

0.28 . 

36,8 

No defect 

6.V# ■■ 

0.72 

1.06 

0.34 

47.2 

Defect Vi in. 

1.1 V« cold 

1.04 

1.30 

0.26 

25.0 

Fracture */< in. 

2 . IV 4 cold 

0.96 

1.40 

0.44 

45.8 

Fracture 1 in. 

3, 1 Vi preheat 

0.74 

1.48 

0.74 

100.0 

Fracture '/,«in. 

4, 1 Vi preheat 

0.82 

1.38 

0.56 

68.3 

Fracture Vg in. 

.■j, l */4 room temp. 

1.05 

1.18 

0.13 

12,4 

Fracture Vi in. 

6,1 Vi room temp. 

0.88 

1.30 

0.42 

47.7 

Fracture */t in. 
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The Biaxial Fatigue Strength of Low-Carbon 

Steels* 

By George K. Morikawa and LeVan Griffis^ 


Abitxact 

Thin-walled cylindrical specimens of 
structural steel have been investigated in 
welded and tmweided forms, and in an¬ 
nealed and normalized states, imder cyclic 
combined tensile stresses, and with vari¬ 
ous constant principal stress ratios of cir¬ 
cumferential stress to axial stress fnmi 
0 to 2. Fatigue data are presented which 
show that there is only slight effect of 
principal stress ratio upon the endurance 
limit for this S.A.E. 1020 steel. In general, 
the maximum stress theory is shown to 
apply for this material, modified by the 
anisotropy of the bar stock. This aniso¬ 
tropy remains a major factor even after 
annealing, and the endurance limit is 
about 15% lower when stresses in the 
transverse direction are predominant. 
The fatigue strength of the welded mate¬ 
rial is about 15% less tWn for unwelded 
material for the principal stress ratio used. 
Strain data u-e presented for tubes tested 
at various principal stress ratios for com¬ 
parison with other investigations in the 
field of plastic flow and ruptme. 

Shortcomings of the present equipment 
are noted, and proposals are made for 
investigations to study heavier material 
at higher speed in order to obtain more di¬ 
rectly useful data on welded structural 
elements. 

• 

Introduction 

Purpose of Investigation 

T he general purpose of this investiga¬ 
tion has been to obtain basic informa¬ 
tion on the fatigue strength of metals, un¬ 
welded and welded, subjected to cyclic 
combined stresses. During the period of 
this work, which has been sponsored by 
the Weld Stress Committee of the 
Ambrican Welding Society, interest in 
combined-stress fatigue investigations has 
been intensified by several failures under 
service conditions of large welded struc¬ 
tures. 

The investigation, so far, has been re¬ 
stricted to biaxial or two-dimensional 
stresses, synchronized in phase, with both 
stresses tensile. This is due to the nature 
and design of the combined internal pres¬ 
sure-axial tension type of fatigue machine. 
Material investigated has been limited to 
common ductile structural steel; S.A.E. 
1020 fully silicon killed. 

Specifically, certain questions were pro¬ 
posed at the time this investigation was 
established, among which are the follow¬ 
ing: under combined stress conditions . 


• Presented at the Twenty-Fifth Annual 
Meeting, A.W.S., Cleveland, Ohio, Oct. 16 to 18, 
1944. 

fAssistant in Mechanics Research and Asso¬ 
ciate Professor of Mechanics, respectively, at 
Illinois Institute of Technology, Chicago 16, Ill. 


with different values of the principal stress 
ratio n » ot/oi (where oj « circumferen¬ 
tial stress, and » axial stress) over a 
range from 0 to 2, 

1. Is the endurance limit affected by 
the principal stress ratio ? 

2. Is it possible to verify or establish a 
theory for failure in fatigue? 

3. Is the endurance limit affected by 
the ratio of 

4. What is the relation of the endur¬ 
ance limit to the yield point of ductile 
steel for certain ratios of <rmbi./irinai.^ 

5. Can welded structural elements'be 
studied with the specimens used in this 
investigation? 

6. What fatigue data can be obtained 
for a specific material such as S.A.E. 1020 
structiual steel, fully killed, in various 
conditions such as (a) annealed, (b) nor¬ 
malized, (c) welded? 

7. What are the strain relations ac¬ 
companying failure? 

Although some of these questions can¬ 
not yet be answered, it is believed that 
enough data have been obtained to justify 
certain conclusions and to permit reor¬ 
ganization of ideas concerning the future 
purpose and program of this investigation. 

Historical Note 

A survey of the literature shows that 
a considerable amount of theoretical and 
experimental work has been devoted to 


•trtst.O’, 


the study of the behavior of metals sub¬ 
jected to cyclic stresses, commonly called 
"fatigue.” However, practically all of 
these investigations have dealt with the 
uniaxial stress condition as obtained in 
direct tension or compression, bending or 
torsion tests. A large portion of such 
testing in this country has been carried 
out during the past 26 yr. by Professor 
H. F. Moore of the University of Illinois. 
This work has been of great value in the 
development of methods for pursuing fu¬ 
ture work in fatigue studies and of direct 
practical use in engineering problems 
where this type of stress condition exists. 
Generally, however, it is realized that in 
most engineering applications a biaxial 
or triazial stress condition exists. Con¬ 
cerning the fatigue properties of metals 
under combined stresses, very little in¬ 
formation is available in the literature and 
such results are, as yet, inconclusive and 
at times contradictory. 

Under cyclic biaxial stress conditions, 
the field of investigation may be sub¬ 
divided as follows: 

1. One principal stress constant, and 

one principal stress cyclic. 

2. Both principal stresses cyclic and in 

phase. 

3. Both principal stresses cyclic but 

not in phase. 

An additional variable, mean stress or 
stress range, must be defined for each of 
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the three cases in order to control all of the 
possible stress conditions.. For example, 
the stress may be completely reversed 
during each cycle from a given tensile 
stress to an equal compressive stress; or 
the stress may be fluctuating between 
zero to a given tensile stress. The various 
possible cases are shown schematically in 
Pig. 1. The present investigation has 
been confined to case (2) with both prin¬ 
cipal stresses in the tensile, range. 

As yet, the exact nature of fatigue fail¬ 
ure has eluded investigators. It is, there¬ 
fore, natural to compare experimental re¬ 
sults obtained under cyclic stress condi¬ 
tions to theories advanced for the condi¬ 
tion of yielding in a static stress system in 
an attempt to obtain a relationship or law 
governing failure for different stress ratios, 
providing that the fatigue strength is be¬ 
low the so-called yield point of the mate¬ 
rial. It appears quite feasible to consider 
the fatigue limit as the primary elastic 
limit or state of initial plastic yielding of 
a given metal. The various theories of 
strength proposed since Rankine’s "maxi¬ 
mum stress theory” are very well known 
and have been discussed in many publica¬ 
tions. These theories are shown dia¬ 


grammatically for biaxial stress condi¬ 
tions, in Fig. 2. 

With regard to the experimental in¬ 
vestigations on combined fatigue stresses, 
two references are noted here: 

1. A. P. Maier^ has published results 
of a few tests performed on tubes sub¬ 
jected to cyclic internal pressure using 
mild steel and cast iron. However, only 
two stress ratios, n » 2 (internal pressure 
only) and » •« » (circumferential tension 
stress only), were tested. The conclusions 
reached on these few tests were that the 
intermediate principal stress had no effect 
upon the fatigue strength of either ductile 
or brittle materials, or in other words, the 
maximum principal stress determines the 
fatigue strength. However, it must be 
pointed out that due to the meager amount 
of data obtained, these results might be 
deemed inconclusive. 

2. The second investigation to which 
reference is made was performed by H. J. 
Gough and H. V. Pollard.* A very com¬ 
prehensive series of tests was made using 
stress combinations obtained by com¬ 
pletely reversed combined bending and 
torsion stresses on solid specimens tested 
in, a specially designed, high-speed (2000 


rpm.) fatigue machine. Results are given 
for three different metals: (1) normalized 
0.1% carbon sted; (2) heat-treated 3*/»% 
nickel-chromium steel and (3) “Silal” 
cast irtm. Comparison with the various 
theories indicates the fdlowing; (1) the 
mild steel apparently follows the maxi¬ 
mum distortion energy theory, (2) the 
nickel-chromium steel falls according to 
the maximum total strain energy theory 
and (3) cast iron corresponds to the maxi¬ 
mum principal stress theory. Unfortun¬ 
ately, no control tests were made to indi¬ 
cate the effect of possible anisotropy of 
the ductile metals due to the rolling proc¬ 
ess. 

With regard to the theoretical investi¬ 
gations on combined fatigue stresses, one 
reference is noted here: J. Marin* has ad¬ 
vanced a theory for combined stresses (in 
the elastic range only) in which the effect 
of the mean stress is taken into considera¬ 
tion. From experimental results pre¬ 
viously obtained for cyclic uniaxial 
stresses, he assumes a direct linear varia¬ 
tion of fatigue strength (endurance limit) 
with the mean fatigue stress. The stress 
condition for failure is assumed to follow 
the maximum distortion energy theory for 
any given value of mean stress. Thus, if 
the theory holds, the stress condition for 
failure for any stress combination or 
value of mean stress may be predicted by 
running a single uniaxial endurance limit 
test. However, sufficient experimental 
results have not yet been obtained to con¬ 
firm this theory. 

Experimental Work 
General Type oj Tests 

The condition of biaxial fatigue loading 
is obtained by subjecting a thin-walled 
cylindrical specimen to fluctuating inter¬ 
nal pressure, synchronized in phase with a 
fluctuating axial tension load. The ratio 
of biaxial principal stresses n — vjot is 
held constant during any one test. Al¬ 
though a triaxial stress condition exists, in 
all this work the radial compressive stress, 
ffr has been disregarded because of its 
relatively small size. The present ma¬ 
chine operates at 300 cycles per minute; 
and all tests to date have been at room 
temperature. 

The variables investigated are: 

(o) Ratios of principal stresses, n - 
from 0 to 2. 

(b) Welded vs. unwelded material. 

(r) Normalized vs. annealed unwelded 

material. 

The following fatigue testing program 
was originally planned in three phases for 
determining the endurance limit: 

(а) Stresses eg and vi varying from zero 

to maximum: 

(1) vi/vf 0 (axial tension only) 

(2) et/<rg - Vi 

(3) e,/<rg - Vj 

( 4 ) ei/eg - 1 

(5) et/<rg - Vi 

(6) vj/ffi «* 2 (internal pressure only) 

(б) Stresses and v* varying from ‘/i 

to maximum (same stress ratios). 

(c) Stresses <r, and a, varying from */* 

to maximum (same stress ratios). 

In these tests, the endurance limit has been 
defined as the stress producing failure at 


Oi'AXIAL STRESS AT ENDURANCE LIMIT FOR VARIOUS RATIOS 
0;« TANGENTIAL STRESS AT ENDURANCE LIMIT 

AXIAL STRESS ONLY, ENDURANCE LIMIT FOR n>0 


Oi 



SHEAR ENERGY THEORY 
SHEAR THEORY 
STRESS THEORY 

. Fig. 2 
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PIPE THREAD 



Fig. 3—Test Specimen 


3,000,000 cycles. A minimum number of 
five specimens at each constant ratio of 
stress is needed to establish a curve for 
finding the endurance limit as thus de¬ 
fined. To date, {b) and (c) above have not 
been investigated because the stresses 
required for failure in case (a) are already 
of yield stress intensity, and practical ap¬ 
plication of the results does not at present 
seem to warrant raising the mean fatigue 
stress. 

The Specimen 

The design of the specimen is shown In 
Fig. 3. The wall thickness is uniformly 


0.050 in. for a gage length of IVt in., with 
smooth fillets of 4 in. radius at the ends. 
This design has been found more satis¬ 
factory than the nonuniform wall thick¬ 
ness used in the earliest phases of the pre¬ 
liminary investigation,* on the basis of 
the number of cycles required to produce 
failure with stresses at or slightly above 
the yield point. Analysis shows that for 
internal pressures used in these tests, the 
bending stress produced in the uniform 
gage thickness is less than 3000 psi. maxi¬ 
mum, and experiment seems to verify this 
figure. In general, fatigue failure occurs in 
the center of the gage length as desired. 


The material tested thus far is fully 
silicon killed S.A.E. 1020 steel of the 
following chemical composition, expressed 
in per cent; 0.21 C, 0.02 Si, 0.^ Mn, 
0.016 P, 0.030 S. This material is received 
in the form of hot-rolled round solid bars 
of 2*/* in. diameter, from which the un¬ 
welded specimens are rough turned, heat 
treated, bored and finish-machined and 
finally polished. The welded specimens 
are prepared by rough-turning the speci¬ 
men and milling a 60** slot longitudinally 
along the full length of the unbored speci¬ 
men at opposite extremities of a diameter. 
This slot is Vt in. deep and is filled with 
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notes: m 

1. ROUGH MACHINE l^dlo. 

2. ANNEAL 

3. SLOT ft WELD 

4. FINISH MACHINE ft GRIND 

Jig. 4—Welded Specuuen Rough Machined 


POSITION OF SPECIMEN WALL- 
SECTION A’A 
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Fig. 5—Biaxial Fatigua Teating Machine^—Specimen at the Left 


weld metal prior to boring and finish 
machining of the specimen (see Fig. 4). 
The slot depth is such that the final 0.050- 
in. wall thickness of the specimen is lo¬ 
cated at the approximate center of the 
weld which is probably the soundest part 
of the weld. The specimens are X-rayed 
after final machining and polishing to study 
the soundness of the weld. 

Three groups of specimens have been 
tested: 

1. Annealed; for which the specimens 

were heated to 1650-1700® F. for 
IVi hr. and cooled in still air, 
followed by heating to 1250- 
1300® F. for I'/t br. and cooled 
in still air. 

2. Normalized; for which the speci¬ 

mens were heated to 1650-1700® 
F. for IVx hr. and cooled in still 
air. 

3. Annealed as in (1) and subsequently 

welded, using A.W.S. Spec. No. 
E 6010 weld rod. Five specimens 
only have been tested, for pre¬ 
liminary comparison. 

The Testing Machine 

Design of the testing machine in its 
early form is described in detail in a paper 
by Dr. Joseph Marin entitled "Strrtigth of 
Steel Subjected to Biaxial Fatigue 
Stresses,” presented at the Annual Meet¬ 
ing, American Welding Society, Cleve¬ 
land, Ohio, October 12, 1942. A photo¬ 
graph of this machine is shown in Fig. 5, 
and a schematic drawing of the mecha¬ 
nism is shown in Fig. 6. 

The machine applies essentially a con¬ 
stant tensile deformation to the specimen 
during each cycle, rather than a constant 
tensile load. The tensile load is measured 
by a tension dynamometer in the lever sys¬ 
tem. which is replaced by a solid bar after 
establishing the load for a given cam 
setting. The load can be adjusted by 


setting the eccentricity of the axial loading 
cam to give any desired stress range on 
the specimen from 0 to 100,000 psi. As 
the specimen elongates during a test, this 
elongation is compensated for by manual 
readjustment of the link connecting the 
cam to the axial loading lever. The pres¬ 
sure is adjusted by the motion of the pres¬ 
sure loading cam. and the pressure range is 
measured by the two gages. 

Tests 

Preliminary Tests .—These were con¬ 
ducted prior to May 1042 on fully an¬ 
nealed S.A.E. 1020 silicon-killed steel, 
using specimens of nonuniform wall thick¬ 
ness tapering gradually to minimum wall 
thickness of 0.050 in. at the center of the 
gage length. 

Endurance limit curves for these non- 
uniform specimens were obtained for (a) 


equal biaxial tension and (5) uniaxial ten¬ 
sion with stresses ranging from zero to 
maximum. These data have not been in¬ 
cluded here because of diffic^ilties expe¬ 
rienced in correlating early calibration 
curves for the machine. 

Control Tests .—This material in an¬ 
nealed condition shows by standard ten¬ 
sile test about 40% elongation at failure, 
average jdeld stress of about 35,000 psi., 
and ultimate stress of about 55,000 to 
60,000 psi. Figure 7 shows the initial por¬ 
tion of the engineering stress-strain curve 
obtained from an axial specimen with 2 
in. gage length and 0.505 in. diameter. 

For comparison, similar smaller tension 
specimens were cut from the diameter of 
the bar stock (see Fig. 8). Izod impact 
specimens were cut longitudinally and 
transversely from the bar and tested in a 
120 ft.-lb. pendulum Izod machine. These 
Izod specimens were about half the size 
of standard A.S.T.M. Izod specimens but 
were machined with standard shaped 
notches. 

The transverse tensile properties were 
rather inconclusive, but seemed to indi¬ 
cate higher yield stresses (about 40,000 
psi.) and lower ultimate stresses (50,000 
psi.). The gage lengths were measured 
between shoulders at the ends of the 
threads. 

Izod values were obtained of 9.6 ft.-Ib. 
for the axial specimens (with transverse 
notches) and 7.3 ft.-lb. for transverse 
specimens. These impact specimens had 
identical geometry, but the magnitude of 
the test results has little significance due 
to the small size of the specimens. Results 
indicate that anistropy of the material 
exists in the fully annealed state. 

In the normalized condition, the yield 
strength and ultimate strength for axial 
specimens of this steel were of the same 
magnitude as corresponding values for the 
annealed stock. 

Fatigue Tests .—Table 1 records the en¬ 
durance test data and strains at failure, 
for various ratios of principal stresses 
tested. These endurance results are 
plotted in Figs. 9 and 10. 

Discussion of Results 

Endurance Limit Tests .—In Fig. 9, for 
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annealed unwelded S.A.E. 1020 steel, the 
maximum principal stresses at failure are 
shown for Tarious principal stress ratios 
R aa as a function of the number of 

cycles at failure. From these ctu~ves the 


endurance limit for » -■ 3 X 10* cycles 
may be obtained. The endurance limits 
thus defined are shown for various stress 
ratios in Fig. 11. These results indicate 
some effect of principal stress ratio upon 


the occurrence of fatigue failures. The 
endurance limit for n ^ ^/i is about 5% 
greater than the endurance limit for the 
uniaxial case n — 0. The distortion energy 
criterion predicts an increase of about 15% 
for the same comparison. Somewhat 
larger differences in strength are found for 
failures at a smaller number of cycles, such 
as one million. 

In interpreting these results, however, 
certain additional factors must be consid¬ 
ered. Even for failure at 3,000,000 cycles, 
this indicated endurance limit is equal 
to or greater than the static yield strength 
of the material. The permanent plastic 
flow in the direction of the maximum 
principal stress at three million cycles is 
about 2% for all stress ratios. Also, the 
endurance limit for n = ‘/* is about 20% 
higher than the endurance limit for n ^ 2. 
This may suggest that rather serious 
anisotropy exists in the material which is 
not removed by thorough annealing, and 
which is perhaps more strikingly exhibited 
under fatigue loading than under static 
tension loading, although the notch im¬ 
pact indicates a similar result. 

Prom practical design considerations, it 
seems that the fatigue strength of this 
steel subjected to cyclic biaxial tensile 
loading may be taken as the yield point, 
unaffected by the principal stress ratio. 
This is, of course, in accordance with the 
maximum stress criterion. 

The fatigue strength of the normalized 
steel is not appreciably different from that 
of the annealed steel for n *■ 2, as shown 
in Fig. 10. This result seems also to be 
verified by the results of the static control 
tests. 

The preliminary comparison between 
welded and unwelded specimens (both 
previously annealed) for n * 2 is shown 
in Fig. 10 and indicates weakening of the 
parent metal due perhaps' to presence of 
the weld or to the heating process involved. 
Of the five welded specimens tested, two 
failed at the weld in the fillet, one broke in 
the weld at the center of the gage length, 
and one failed 90^ away from the weld at 
the center of the gage length. X-ray pic- 
ttires were taken of specimens 22AW and 
25AW before testing. The former appeared 



Fig. 7—Engineering Stress-Strain Curve—S.A.E. 1020 Hot- 
Rolled Annealed 


tohavea sound weld and failed accordingly, 
while 25AW failed as would be predicted 
at the fault or crack in the weld. In any 
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interpretatioD of these results on welded 
specimens, failures in the weld must be 
distinguished from failures in the parent 
metal. After testing of all five welded 
specimens, subsequent X-ray pictures 
disclosed little noticeable effect of re¬ 
peated loading. The X-ray picture of the 
fault in 25AW was entirely unchanged. 
However, macroscopic examination of the 
failure in 22AW discloses pronounced 
Luders' lines at the extremities of the 
short crack which produced fracture of 
the specimen. 

Anisotropy 

Both the fatigue tests and control tests 
indicate inherent weakness in circumfer¬ 
ential or transverse direction compared 
to the axial direction.' It will be noted 
especially that stress ratios which pro¬ 
duced longitudinal seams or failures, i.e., 
ratios of 0, ’/», Vip show about 20% lower 
strength in fatigue than ratios producing 
circumferential failures. Under equal 
principal stress, i.e., for n — 1, failures 
were, without exception, longitudinal 
fractures. 

Strain Relationships 

Measurements of plastic deformation 
were recorded; and it is observed that the 
plastic strain at failure, for any number of 
cycles, is zero in the direction of the inter¬ 
mediate principal stress, for stress ratios 
H ■> */] and 2. The data are presented 
in Table 1. This result verifies, for fatigue 
conditions, similar results obtained in 
other investigations for static and creep 
tests on tubular specimens of ductile met¬ 
als. This situation is apparently un¬ 
affected by the anisotropy in strength 
noted above. 


Description of Failures 

Compared to fractures under static 
loading, regions of fatigue failure which 
are apparent are very small and become 
less noticeable with increasing numbers 
of stress cycles preceding failure. 

Longitudinal or circumferential failures 
at low cycles to failure are preceded by 
extensive bulging followed by a wide rup¬ 
ture which may be up to an inch long. The 
failure is of a ductile shear tjrpe, on a sur¬ 
face at 45° to the outer surface of the tube. 
No brittleness is evident. In general, the 
failures seem to start at the inner surface, 
with other tiny incipient cracks occa¬ 
sionally evident on the inner surface. 

Longitudinal fractures near the endur¬ 
ance limit seem to be of two kinds: those 
beginning at the outer surface and those 
beginning at the inner surface. For those 
which seemed to fail at the outside first, a 
fairly smooth line, perhaps Vs in. long, is 
evident in the outer layer of metal, as if 
cut with a razor blade and then allowed 
to spread slightly. Local plastic flow is 
not evident on the outer surface but ap¬ 
pears on the inner surface in the shape of 
local necking with an “hout glass" profile, 
with an irregular crack along the center of 
the axis of the "hour glass." This plas¬ 
tic flow produces dimming and wrinkling 
of the polished surface over the area near 
the section of failure. For those speci¬ 
mens which start to fail on the inside, 
the picture is just reversed with the smooth 
"cut" on the inside and plastic flow at the 
outside. 

These two kinds of fracture were ob¬ 
served for all stress ratios in which longi¬ 
tudinal cracks occur. Possibly the effect 
is due to surface cracks or irregularities 
in machining of the specimens. It may 


likewise be due to the fact that the stresses 
are m the plastic range and it b no longer 
always true that the highest stresses occur 
on the inner siuface. 

A circumferential fracture near the en¬ 
durance limit usually appears on the outer 
surface as a small, slightly irregular crack 
up to */i in. long with ioc^ plastic necking 
evident only on the inner siuface paralld 
to the crack. Occasionally the necking 
is evident on the outer surface instead of 
on the inner surface, and occasionally it 
appears at both surfaces. 

For large numbers of cycles before fail¬ 
ure, the cracks appear brittle as expected 
in fatigue, extending almost perpendiculai 
to the surface of the tube. 

Conclusiona and Remarks 

A particular technique of testing has 
been described for investigating the fa¬ 
tigue properties of low-carbon steel under 
cyclic combined stresses, with two prin¬ 
cipal stresses in tension at a constant ratio 
for any one specimen, and with the third 
stress of a low compressive magnitude. 
The experimental data obtained lead to 
the following conclusions: 

1. For cyclic stresses ranging from zero 
to maximum (vaaB./<tm*x. “ 0) the endur¬ 
ance limit from practical considerations 
b not apprecbbly affected by the princi¬ 
pal stress ratio. The endurance limit b 
apparently of the same magnitude as the 
sriefd stress for these test conditions. 

2. The results do not seem to permit 
verifying or establbhing a theory of fa¬ 
tigue failure under combined stresses which 
b apprecbbly different from the maxi¬ 
mum stress theory for thb ductile mate¬ 
rial. The effect of plastic deformation. 



Fig. 9 
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Fig. 10 


or cold working on the fatigue strength is 
still to be determined. 

3. Anisotropy of this rolled steel re¬ 
mains a major factor in the occurrence 
of failure, even after annealing. Fatigue 
results indicate a decrease of 15 to 20% in 
the endurance limit when stresses in the 
transverse direction are predominant. 
Failure always occurred in the longitu¬ 
dinal direction when the stress ratio was 
1:1. Static control tests and Izod impact 
tests verify this decrease in strength. 

4. The fatigue strength of welded 
specimens of this steel appears to be less 
than that of unwelded specimens. This 
is for the case only of n <*» 2 (internal 
pressure only) and although the fatigue 
strength is about 15% le.«5s, this result 
must be considered only as preliminary 
due to the small number of specimens 
tested and because of the design of the 
specimens. It may be significant, how¬ 
ever, that this result was observed both 
when tlje fractures occurred in the welds 
and in the parent metal. It will be impor¬ 
tant to check this result for some stress 
ratios at which the failure occurs circum¬ 
ferentially. Whether this weakness is due 
to residual stresses or heat effects is not 
yet established, and the extremely thin 
wall is a great disadvantage in interpret¬ 
ing this matter. 

5. The strain distribution in the plas¬ 
tic range under cyclic combined stresses 
for all cycles up to the endurance limit 
shows zero strain at failure in the direc¬ 
tion of the intermediate principal stress 
for n and n ™ 2. This is in agree¬ 
ment with results found in other investi¬ 
gations for static and creep conditions, 
and is unaffected by the anisotropy. 


. Proposed Continuation Plans 

It appears to be of value to investigate 
a few specimens of the same design as de¬ 
scribed above, tested as follows: 


(o) Normalized, and tested at some 
additional stress ratio such as '/i. 

(() Welded as described above, and 
tested at a stress ratio such that 
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circumferential failure occurs, as 
at » » Vi¬ 
ce) Welded by a thin metal technique 
so that the finished complete 
weld is incorporated into the 
specimen. 

(d) Wdded by a thin metal technique 
with excess weld metal ground 
off. 

It is believed that circumferential as 
well as longitudinal welds should perhaps 
be investigated. Other materials likewise 
might be investigated with this machine 
for purposes of correlation of properties. 

However, there are two inherent dis¬ 
advantages of the present testing machine, 
namely, the extremely low speed of opera¬ 
tion, and the necessity for thin-walled 
specimens. It seems highly essential to 


devote some effort now to development 
of a faster machine capable of handling 
thicker material. It is likewise proposed 
to investigate some other types of speci¬ 
mens which would be suitable for biaxial 
as well as triaxial control of stresses in 
the tension range. The present test 
machine can be kept operating at very 
low cost, but its chief usefulness has 
probably been served in the establishment 
of conclusions to date and in dictating 
what direction future tests should take. 
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Spot Welding High-Tensile Steels with 
Automatic Post-Heat Treatment* 

By W. S. Simmie and A. I. Hippeison 


Introduction 

T he object of this investigation was to determine 
the extent to which spot welds in certain high- 
tensile steels can be made sufficiently free from 
brittleness for structural purposes by means of the pas¬ 
sage of a post-heat treatment current of short duration in 
the spot-welding machine, following the actual welding 
cycle. 

It had been shown previously by Hess and Herrschaft' 
that the shear strength and, more particularly, the 
tensile strength of spot welds in low-alloy and medium- 
carbon steels could ^ substantially improved by passing 
a current of reduced magnitude through the weld, while 
still subject to the welding pressure, at a definite time 
interval after the weld had been made; that the "time 
off" between welding and heat treatment was the most 
critical variable; and that an effective temper could be 
imparted to the spot weld, which would otherwise be too 
brittle for structural purposes, in a matter of a few cycles. 
The average time required for the whole cycle, viz., 
welding, cooling or time off, and post-heating, would be 
still sufficiently short to render the process of spiot welding 
high-tensile steels an economic and speedy process adapt¬ 
able to large production purposes. 

The data given in this article are taken from detailed 
results, the program for which was originally instigated 
by the Advisory Service on Welding, Ministry of Supply, 
as an attempt to overcome production difficulties which 
were arising at the time, '^e investigational work was 
undertaken by the laboratories of the Pressed Steel Co., 
Ltd. 

The theory underlying the process is a simple one, and a 
brief analysis of the various steps involved may be of 
value in interpreting the results given later; 

1. Immediately after the weld has been formed, a 
very rapid cooling takes place, due to heat extraction by 

* Reprinted from Shtel Mtlal Indusiries, September 1944. 


the surrounding cold plate and the water-cooled elec¬ 
trodes; this rate of cooling is of a similar order of mag¬ 
nitude as a water quench. The formation of martensiie 
is invariably unavoidable in spot welding high-tensile 
steel, and indeed may often occur in spot welds in plain 
carbon steels containing as little as 0.20% C. 

2. After the post-weld cooling and martensite forma¬ 
tion, reheating the weld to a temperature below the crit¬ 
ical by means of another shot of current of reduced mag¬ 
nitude results in a tempering of the hard martensitic 
structure, and, after cooling, a tougher and more ductik 
weld is produced. This tempering treatment should not 
commence before quenching to martensite is completed, 
but for economic reasons, it should commence as soor 
thereafter as possible. 

The above considerations make it evident that a funda 
mental approach to the question of spot welding a variety 



Fig. 1—Diagram of ConnactionB Showing Circuits Used lor 
the Conversion of a Standard Spot Welder for the Hdat Treat¬ 
ment of Spot Welds 
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Fig. 2 (a)—Tenail* Test Speciin«n 


)f high-tensile steels of different thicknesses involving 
lemperature measurements of the weld during the post- 
leat stage would necessitate an enormous amount of 
■vork. For this reason, it was decided to make a more 
Dractical approach to the problem, i.e., to investigate the 
effect of each main variable (“time off’’ and tempering 
time) on the properties of the tempered weld. It was 
rurther decided experimentally to sdect what was con¬ 
sidered to be the most suitable tempering current, and 
maintain this at a constant value for each series of tests. 
That this was permissible is shown from previous work,* 
which indicates that tempering time and tempering 
current are somewhat complimentary, i.e., a higher tem¬ 
pering current for a shorter time would give similar results 
to a lower current for a longer time, within wide limits. 


Steels Under Consideration 


The steels used in these spot-welding experiments were 
as follows: 

(1) Carbon manganese steel (En. 15-V7, STA 5 
schedule). 


Analysis C. 0.33% 

Mn. 0.81% 

Si. 0.20% 

P. 0.02% 

S. 0.28% 


The specified properties of this steel in the “as-rolled” 
or normalized condition are: 


Ultimate stress. 40 tons per sq. in., minimum 

Yield point. 24 tons per sq. in., minimum 

Elongation. 20% on 2 in. 

(2) Manganese-nickel-molybdenum steel (En 13-V8). 

‘/s-In. Plate Vie-In- Plate 

Analysis C. 0.19% 0.18% 

Si. 0.10% 0.10% 

Mn. 1.37% 1.51% 

S. 0.022% 0.022% 

P. 0.040% 0.041% 

Ni. 0.39% 0.39% 

Mo. 0.25% 0.26% 


The specified mechanical properties of this steel in 
plate form after normalizing and tempering are: 

Ultimate stress. 40 tons per sq. in., minimum 

0.5% proof stress— 30 tons per sq. in., minimum 

Elongation. 17% on 8 in. 

Izod. 40 ft.-lb. minimum 


(3) Nickel-chromium-molybdenum steel (Vilbrac V. 
30). 

The chemical analysis of this steel was as follows: 


C. 0.25% 

Si. 0.19% 

Mn. 0.60% 

Ni. 2.69% 

Cr. 0.65% 

Mo. 0.71% 


This analysis was well within the specified limits, with 
the exception of C, which was rather lower than expected 
(0.25%, instead of 0.30%). 

The range of properties of this steel as given by the 
manufacturers is: 


Harden. 825° C. 

Temper. 200 to 650° C. 

Max. stress. 55 to 100 tons/sq. in. 

Elongation. 22 to .12% 

Red. of area. 60 to 40% 

Izod. 70 to 15 ft.-lb. 

Hardness. 255 to 444 Brinell 




Fig. 2 (ib) —U-Tenaile Test Specimen 
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Test Equipment 

Welding Equipment .—The machine used for the tests 
was an experimental Metropolitan-Vickers fully auto¬ 
matic 250-kva. spot and projection welder. Figure 1 
shows diagrammatically the circuit used to convert the 
standard connections to those required for heat-treat¬ 
ment purposes. It will be seen that it has been necessary 
to supplement the equipment with three additional tim¬ 
ing units and two contactors. On the general layout 
shown, T is the welding transformer the primary of which 
is connected to the main supply through a main contac¬ 
tor ; a series of tappings are provided on the primary side, 
and the selected tappings used for welding and post¬ 
heat treatment can be connected to the main supply 
through contactors C\ and Ca, respectively. 

The method in which the circuit operates is briefly 
as follows: 

The main control timer. No. 1, is set to time the com¬ 
plete cycle of operations, and is energized by means of a 
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Mechanical Tests 



(1) O.MCttMl ^ in. thick 

(2) 0.20 C atMl 0.40 in. thick 

(3) MnNiMo ttccl i in. thick 

(4) HnNlMottMl -h in. thick 
jS) CMn ttMi i in. thick 

(0) NiCrHostncii in. thick 
(7) NICrMettMi in. thick 

Fig. 3—Comparison ol As^welded Hardness in Spot Welds in 
Mild and High-Jensile Steel 


foot switch. It controls the air supply valve which ad¬ 
mits air under pressure to the air cylinder controlling the 
movement of the upper electrode of the welding machine. 
When the air pressure has built up in this cylinder, an air 
switch is closed and timers Nos. 2 and 3 come into opera¬ 
tion, timer No. 3 being set to time the welding time, plus 
the cooling time. The weld is, therefore, made, and 
after a predetermined cooling period post-heat is applied 
by automatically bringing timer No. 4 into operation. 
At the conclusion of the post-heat period, the main 
control timer falls out, air is exhausted from the system 
and the air switch opens. All the timers are de-energized 
and the foot switch is opened. By using suitable inter¬ 
locking contacts, the foot switch can be released at any 
time during the operation and the entire system will be 
automatically controlled by the timing system. 

Although the arrangement described may not be the 
most economical one from the point of view of equipment, 
it is probably the most simple one to use in the conversion 
of a standard spot-welding machine for the purposes of 
welding high-tensile steels. In these tests, the arrange¬ 
ment described was found to be perfectly satisfactory, 
and no difficulties regarding its operation were encoun¬ 
tered. 


Table I 

■ Best \Vsi.ding Conditions eor Producing Short-time 
Welds in the Materials Considered (not Heat Treated) 


Steel. 

Thick¬ 

ness. 

Time. 

Current. 

Tip 

diameter.' 

Elec¬ 

trode 

pisssure. 


In. 

Cycles. 

Amps. 

In. 

Lb. per 
sq. in. 

Mild steel 
(0.06% C.) 

1/16 

12 

9.720 


12.000 

CMn steel ... 


20 

18.000 

R 

25,000 

MnNiMo 

1 /16 

12 

10.600 

I 

25,000 

.steel 

i 

20 

18,000 ' 

i 

25,000 

NiCrMo 

1/16 

16 

10.800 , 

5/16 

15,600 

steel 


23 

18,700 

13/32- 

7/16 

30,000 


(a) Shear Tests. —The shear test specimen used for all 
materials is shown in Fig. 2(a). It is a single spot sped- 
raen in material, 4Vi in. long and 1 */« in. wide, overlapped 
1 in. for spot welding. All specimens were pulled in an 
.\msler 10-ton tensile testing machine. 

(b) "U” Tensile Tests. —^The “tensile” strengths of 
welds were determined using the specimens shown in 
Fig. 2(6). These specimens were all tested in the same 
machine used for the shear tests, employing an approfm- 
ate modification to transmit the load from the machine 
to the specimen. 

(c) Impact Shear Tests. —A limited number of tests 
were carried out using a specimen as shown in Fig. 2(c). 
A special clamp was made for anchoring the specimen to 
the bed of an Izod machine of 120 ft.-lb. capacity. 
Much promise was shown by this test, but it was discon¬ 
tinued at an early stage in the investigations, due to the 
fact that although “as-welded” specimens failed at about 



40 ft.-lb., the welded and tempered specimens remained 
unbroken after the maximum blow of 120 ft.-lb. 

Cycle Recording. —Records of welding time, “off” time 
and post-heat time were taken by means of a G.E.C. cycle 
recorder, which recorded every half-cycle of welding time, 
“off” time and post-heat time. 

'Current Measurement. —Welding current and post-heat 
current were measured by means of a current transformer 
placed around one arm of the welder, in conjunction with 
a pointer stop ammeter; current measurements were re¬ 
corded to an estimated accuracy of 5%. 

Electrode Pressure Measurement. —The pressure was 
measured directly by closing the electrodes on a metal 
container filled with oil, the pressure developed in the oil 
being registered on a gage. The container was in the 
form of two saucer-shaped disks welded together at the 
circumference. The gage was calibrated on a standard 
Amsler testing machine. 

Hardness Testing. —Hardness surveys were made across 
sections of representative welds by means of a Vickers 
Diamond hardness testing machine, using a load of 5 kg 


WELDING RESEARCH SUPPLEMENT 


176.8 


Digitized by v^ooQle 


MARCH 




Test Procedure 

Before heat-treatment tests were carried out, optimum 
conditions for producing welds of consistent size were 
determined for each material. The aim was toward 
short-time high-current welds, in order to minimize the 
over-ail time required for the complete cycle to be deter¬ 
mined later, which was to include the “off" time and 
tempering time. Details of surface preparation of the 
materials are referred to later in this report. 


The following points were observed for the determina¬ 
tion of optimum welding conditions: 

(а) To avoid excessive plate indentation. 

(б) To obtain consistent weld size. 

(c) To obtain consistent weld shape. 

(d) To avoid or minimize sparking. 

The optimum welding conditions established in these 
preliminary stages for each type and thickness of material 
were kept constant for all subsequent heat-treatment 
tests. 

A series of specimens, including U tensile and shear, 
was made in each t)rpe and thickness of material; using 
the appropriate optimum welding conditions. The U 
tensile and shear specimens were tested as described pre¬ 
viously, while the remaining specimens were sectioned, 
and hardness surveys were made across the weld along 
a line parallel and close to the fusion surface. Figure 3 
shows the distribution of hardness across the sections of 
welds made in the high-tensile steels, and includes addi¬ 
tional surveys taken across welds made in 0.06% and 
0.20% plain carbon steels for comparison purposes. 
It will be seen from the graphs that weld nugget hardness 
approximately averages 200 V.D.H. for the 0.06% C 
steel, 400 for the 0.20% C steel, 460 for the MnNiMo 
steel, 500 for the CMn steel, and 550 for the NiCrMo 
steel. These hardness surveys illustrate the unsatis¬ 
factory conditions obtaining in “as-welded" spot welds in 
all the steels with the exception of the 0.06% C steel. 

Having established optimum welding conditions for 
the actual welding operations, experimental work was 
continued to determine heat-treatment time and the 
cooling interval between welding and heat treatment, 
using a constant value of heat-treatment current as men¬ 
tioned previously. In each case, an estimated cooling 
time was first tried, and specimens were prepared for 
examination using various times for heat treatment. 
An optimum heat-treatment time was thus established 
for the estimated cooling period which was kept constant 
during this part of the tests. Keeping the heat-treat- 


Table II 

Typical Test Results as obtained from Tests on NiCrMo Steel J in. thick 

SHEAR TESTS 



As Welded 



Machine Heat-Treated 


Furnace Heat-Treated (650®C.) 

Speci- 

Welding 

Break- 

Type 

speci- 


Time 

Heat 

Break- 

Type 

Speci- 

Welding 

Break- 

Type 

men 

ing 

ing 

of 

men 

Weldinp 

oQ in 

Treat- 

ing 

of 

men 

time 

ing 

. of 

No. 

time 

(cycles). 

load. 

failure. 

No. 

time 

(cycles). 

cycles. 

ment 

(cycles) 

load. 

failure. 

No. 

(cycles). 

load. 

failure. 

74 

23 

7.700 

S 

62 

23 

197 

22 

11,700 

s 

52 

23 

9,200 

1 

S 

75 

23 

6,100 

s 

63 

23 

198 

22 

11,100 

PO 

53 

23 

8,400 

S 

76 

23 

7,000 

S 

64 

23 

198 

22 

12.100 

PO 

54 

23 

8,900 

PO 

77 

23 

6.700 

s 

63 

23 

198 

22 

11,400 

PO 

55 

23 

9,500 

s 

78 

23 

6,500 

s 

66 

23 

198 

22 

11,700 

s ' 

56 

23 

1 

9.300 

S 


.Average 

6,800 





Averapi 

11,600 



Average , 

9,460 



Table III 


Typical Test Results as obtained from Tests on NiCrMo Steel ( inch thick 

U-TENSILE TESTS 


79 

23 

1.200 

S 

67 

23 

198 

22 

4,000 

PO 

57 

23 

5.200 

PO 

80 

23 

1,050 

S 

68 

23 

198 

22 

3,750 

PO 

58 

23 

4,200 

PO 

81 

23 

1,270 

S 

69 

23 

198 

22 

3,400 

PO 

59 

23 

4.500 

PO 

82 

23 

1,580 

S 

70 

23 

198 

22 

3,600 

PO 

60 

23 

4,200 

PO 

83 

23 

1,270 

S 

71 

23 

198 

22 

3,700 

PO 

61 

23 

5,800 

PO 


Average 

1,274 

1 ‘ 


Average 

3.69D 


Average 

4.780 



S = Weld failed by direct shear through centre. 
PO s Failure caused by weld pulling out of sheet. 
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Table IV 


Best Welding Conditions for Producing Single Heat-Treated Spot Welds in the Materials as Tested 


Steel. 

Thickness. 

Tip. 

Electrode 

pressure. 

Welding 

current. 


Off 

period. 

Heat 

treatment 

current. 

Heat 

treatment 

time. 


In. 

In. 

Lb. sq. in. 

Amps. 

Cycles. 

Cycles. 

Amps. 

Cycles. 

CMn steel 

i 

1 

25,000 

18,000 

20 

107 

11,000 

21 

MnNiMo steel . 

1/16 

i 

25,000 

10,600 

12 

33 

8,600 

16 


I 

i 

25,000 

18,000 . 

20 

85 

11,000 

20 

NiCrMo steel 

1 /16 

5/16 

15,600 

10,800 

16 

104 

8,400 

13 


i 

13/32-7/16 

30,000 

18,700 

23 

198 

12,800 

22 


merit time constant at the established optimum value, 
specimens were then prepared for examination at various 
cooling times. This process was continued until an 
optimum combination of cooling and heat-treatment 
time was established, at which setting a full series of 
specimens was prepared for hardness examination, U- 
tensile testing and shear testing. This process was re¬ 
peated for each thickness of each material under consider¬ 
ation. 


Table V 

Comparative Shear Strength of Welds made with and 
WITHOUT Heat Treatment 


Steel. 

Thickness. 

Shear 

strength 

as 

welded. 

Shear 

strength 

heat- 

treated. 

Improve¬ 
ment by 
heat- 

treatment. 

Mild steel 

In. 

0.04 

Lbs. 

1,550 

Lbs. 

1.720 

Per cent. 
11 

0.20% C. 
CMn steel ... 

i 

6,700 

9,266 

38.3 

MnNiMo 

1/16 

3.074 

3,310 

7.7 

steel 

1 

7,520 

9.080 

20.8 

NiCrMo 

1/16 

3.225 

5,144 

59.5 

steel 

i 

6,800 

11,600 

70.6 


All the tests were carried out using electrode tips of a 
truncated cone shape, the included angle being 120®. 

Test Results 

In Table I are shown the machine settings arrived at 
for the welding of each thickness of steel. The aim in 
each case was toward short-time welds. In the case of 

Table VI 


Comparative U-tensile Strengths of Welds made with 
AND without Heat Treatment 


Steel. 

Thickness. 

U-tensile 

strength 

as 

welded. 

U-tensile 

strength 

heat- 

treated. 

Improve¬ 
ment by 
heat- 
treatment. 

Mild steel 

Ins. 

0.04 

Lbs. 

800 

Lbs. 

1,700 

Per cent. 
113 

0.20% C. ; 
CMn steel .. - 


1,407 

2,670 

90 

MnNiMo 

1 /16 

358 

942 

163 

steel 


1,722 

2,316 

34.5 

NiCrMo 

1 /16 

282 

1,399 

396 

steel 


1.274 

3.690 

190 


Table VII 


Strength of Heat-Treated Spot-Welds in Different Steels 


Steel. 

Thickness. 

Average 
load at 
faUure. 

Method of 
failure. 

Weld 

diameter. 

Weld 

area 

Shear 
stress at 
failure. 


In. 

Lb. 

Per cent, of 
series P.O. 

In. 

Sq.in. 

Tons 

per sq. in. 

Low C steel (0.06 per cent.) . 

1/16 

1,720 

or S. 

100 P.O. 

0.25 

0.049 

17.0 

Mild steel (0.20 per cent. C.) . 

0.04 

1,866 

100 P.O. 

0.23 

0.0415 

18.5 

CMn steel . . 

i 

9,266 

100 P.O. 

0.375 

0.1106 

37.7 

MnNiMo steel . 

1/16 

3,310 

100 P.O. 

0.24 

0.0451 

32.8 



9,080 

100 P.O. 

0.375 

0.1106 

36.8 

NiCrMo steel ... . 

1/16 

5,144 

40 P.O. 

0.28 

0.0614 

37.4 


i 

11,600 

60 PO 

0.406 

0.129 

40.2 


P.O. » Pulling out of weld from one sheet. 

S. Shearing of weld across the sheet to sheet contact plane. 


Table VIII 


Steel. 

Thickness. 

U-tensile strength. 

Per cent, improvement. 

As welded. 

Heat 
treated in 
machine. 

Heat 
treated in 
furnace. 

By machine 
heat 

treatment. 

By furnace 
beat 

treatment. 


In. 






CMn . 

i 

1,407 

2,670 

3,100 

90 

120 

MnNiMo. 

1/16 

358 

942 

987 

163 

176 


i 

1,722 

2,316 

3,030 ! 

34.5 

76 

NiC-l-Mo. 

1/16 

282 

1,399 

1,685 

396 

498 


i 

1,274 

3,690 

4.780 

190 

275 


Comparison of improvement in U-tensUs strength effected by machine tempering and full furnace tempering. 
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Fig. 6 (a)—Comparative Hardness Surrey CMn Steel ^/i In. 
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Fig. 6 (c)—Comparative Hardness Survey MnNiMo Steel Vi In. 


he 0.06% carbon steel, no surface treatment was re- 
[uired, since it was a steel of auto-body quality received 
n a p^ectly bright condition; the high tensile steels, 
lowever, all required surface treatment of some descrip- 
ion, being in rather a scaly condition, and this was car- 
ied out by shot blasting. The removal of slightly 



Fig. 6 (i>)—Comparative Hardness Survey MnNiMo Steel '/k In. 


4S 


roUed-in scale on some of the material left the surface in a 
clean, but rather irregular condition, and in order to 
minimize splashing, high welding pressures were neces¬ 
sary. The machine settings shown in the table were only 
finalized after a good consistent weld shape was obtained 
in each case; this was necessary in order to give closely 
comparable results for subsequent heat-treatment tests; 
again, high pressures were necessary tojgive consistent 
weld size. 



Fig. 6 (cO^-Comparattve Hardness Survey NiCrMo Steel */i« In. 
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Fig. 6 (•)—Comparative Hardness Survey NlCrMo Steel ^/% In. 

A series of specimeos was made in each thickness of 
the materials imder consideration, using the best set¬ 
tings as shown in Table I. These specimens were as 
follows for each thickness of material: five shear speci¬ 
mens; five U-tensile specimens; specimens for chisel test; 
specimens for hardness surveys; specimens for impact 
test. 

The settings established in these tests were main¬ 
tained throughout the post-heat treatment tests which 
followed. Figure 3 shows the distribution of hardness 
across each weld, welded without post-heat treatment. 

After approximate conditions for post-heating had 
been established, the cooling or “off” time and the post¬ 
heat time were varied in turn, keeping the other variable 
constant. A typical set of hardness curves obtained 
from these tests is given in Figs. 4 and 5, as obtained for 
the Vs-in. thick NiCrMo steel. It will be seen that at a 
constant post-heat-time cooling time, varied over a mat¬ 
ter of four cycles (196 to 200 cycles), makes an appreci¬ 
able difference to the resultant weld hardness, and at a 
constant cooling or “off” time, the post-heat-treatment 
time, varied from 20 to 24 cycles, had a similar effect. 
It would, therefore, appear that accurate timers would 
be necessary to give consistent results in production. 
Tables II and III show the correspondingly physical 
properties of a series of single spot specimens made 
with and without the best tempering treatment so estab¬ 
lished for this thickness of NiCrMo steel. 

It should be noted here that with an “off” period 
shorter than a certain value, very little improvement 
on weld properties results. This time would appear 
to be the minimum necessary for cooling of the weld to a 
temperature within the martensite forming temperature 
range. 

As mentioned previously, the mechanical tests carried 
out were shear, U-tensile, and impact tests, the latter 
being discarded at an early stage in the investigations 
due to the inability of the Izod machine to break the 
heat-treated specimens. Supplementary qualitative tests 
were also made at an early stage in each series of tests in 
the form of chiseling tests, in which one plate is pried 
apart from the other by means of a chisel and hammer; 


this test was found to be very useful, inasmuch as in 
most of the high-tensile steels considered, non-heat- 
treated welded specimens broke easily with a light blov, 
whereas when the correct heat-treatment conditions wen 
being approached, excessive deformation of the specimen 
was necessary before separation of the sheets and frac¬ 
ture finally took place leaving a button on one sheet; 
fracture of the non-heat-treated welds took place through 
the fusion zone. 

In Table IV is shown the finalized settings for produc- 



Fig. 7 (a)—Photomicrographa of Spot-weld Sectiona in CMc 
Steel (500 X) 

(Top) as-welded; (center) machine tempered; (bottrc 
furnace tempered 
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Fig. 7 (jb)—Photomicrographs of Spot'Weld Soctions in MnNiMo Fig. 7 (c)—Photomicrographs of Spot-weld Sections in MnNiMo 

Steel (500 X) Steel (500 X) 

(Top) MnNiMo steel, as-welded; (center) MnNiMo steel, (Top) NiCrMo steel, as-welded; (center) NiCrMo steel, 

machine tempered; (bottom) MnNiMo steel, furnace tempered machine tempered; (bottom) NiCrMo steel, furnace tempered 
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ing heat-treated spot welds in the various steels as used 
in these tests. Longer quenching times are necessary 
on the thicker steels in order to allow the temperature to 
drop to martensite forming temperatures before post¬ 
heating commences. Better consistency appeared to be 
obtained from allowing this quenching stage to become 
properly completed, and for this reason the later tests 
were carried out using rather longer “off” periods than 
in the earlier tests. As previously stated, if the post¬ 
heating is brought on before martensite has formed, it 
has little effect. 


In Table V are shown comparative shear strengths of 
welds made with and without heat treatment. Each 
figure given is the average of six tests, and in no case did 
the scatter exceed =*=10%; increase in shear strength was 
70% in the case of the Vs-in. thick NiCrMo steel. 
Much smaller increases were obtained in the cases of the 
lower tensile steels. 

In Table VI is given comparative U-tensile strengths 
of welds made with and without post-heating. Each 
figure given is the average of a series of five tests. It will 
be seen that the maximum improvement occurred in the 









Conclusions 


case of the Vi«-in. thick NiCrMo steel, in which the in¬ 
crease in U-tensile strength by post-heating the weld was 
nearly 400%. The corresponding increase in shear 
strength in this case was 59.5%. Thus it would appear 
that the U-tensile test gave a good evaluation of spot- 
weld brittleness, whereas little difference is shown in the 
normal shear test between brittle and ductile welds. 

In Table VII the "shear test” on the weld at failure has 
been tabulated for all the materials tested. These 
figures of shear strengths were calculated by dividing 
the average load by the average weld area for each series 
of specimens. The method of failure also is shown by a 
percentage representing the proportion of specimens in 
each series which failed by the weld nugget pulling com¬ 
pletely out of one sheet. It will be seen that this type of 
failure which is indicative of weld ductility in these thick¬ 
nesses of plate, occurred throi^hout, wi^ the exception 
of the NiCrMo steel, where 40% and 60% (for the Vn-in. 
and ^A-in. thick material, respectively) were "plug” 
failures. The stress at failure in these two cases, how¬ 
ever, was extremely high, viz., 37 and 40 tons per sq. in., 
respectively. 

The series of graphs numbers 6 (fl) to 6 (e) shows a 
comparison of hardness surveys taken across the weld 
nugget of each material when the weld has been made: 

{a) Without post heat. 

(6) Post-heating, using optimum machine setting. 

(c) Post-heated (tempered) in furnace. 

In all cases it can be seen that a substantial improve¬ 
ment has been made as regards reducing the weld hard¬ 
ness by machine tempering. Although the improvement 
does not approach that obtained by fully tempering the 
welds in a furnace, the resultant weld properties are sub¬ 
stantially better than the "as-welded” properties, inas¬ 
much as they are tougher and more ductile, as shown by 
the chiseling and U-tensile tests. The corresponding 
improvements in U-tensile strengths are shown in Table 
VIII. Photomicrographs of typical structures of the 
"as-welded,” machine heat treated, and furnace heat 
welds are shown in Figs. 7 (a) to 7 {e). It can be seen 
that a considerable alteration of the as-welded Marten¬ 
sitic structure is effected by machine tempering. 

Remarks 

It was noted during the tests that suitable heat- 
treatment conditions can be more readily obtained on 
the thinner sheets due, no doubt, to'the fact that the 
heat can be more rapidly and unifoimly taken from the 
weld area. 

During the heat-treating process the electrode tips 
do not flatten out and increase in diameter as is usual in 
spotwelding mild steel. They tend to wear around the 
periphery and the actual diameter of the tip is gradually 
reduced. 


1. The properties of spot welds produced in all the 
high-tensile steels tested were greatly improved by auto¬ 
matic tempering especially in the case of the steels of 
high-tensile strength. 

2. The U-tensile test was found to be the quickest 
and best quantitative test in discriminating brittle welds 
from more ductile ones. 

3. The U-tensile strength of welds may be substan¬ 
tially increased by tempering, a maximum value of four 
times that without heat treatment being obtained in the 
case of the NiCrMo steel. 

4. Considerable choice of cooling time is possible, 
so long as it is above the minimum time required for 
the weld to cool to martensite-forming temperatures. 
The tempering time must be adjusted accordingly, in 
order to reach a temperature in the weld at which tem¬ 
pering may occur, but which will not raise the weld tem¬ 
perature above the upper critical. 

5. Once the correct setting for the various stages 
has been established, it should be maintained to an 
accuracy of about =*» 1 cycle in order to ensure con¬ 
sistency. 

6. For production work on steels which require heat 
treatment, it is suggested that due consideration be 
given to the following: 

(o) Means of providing a constant line voltage. 

(6) Suitable electrode material. 

(c) The cooling of electrode tips by refrigeration. 

{d) Means for selecting and controlling accurately 
the welding, post-heat and the cooling periods. 

(e) The effect of shunting of current through adjacent 
welds. 

(/) The effect of surface condition of the steel sheet 
on the welding process. 

The authors are indebted to Dr. H. J. Gough, C.B.. 
M.B.E., D.Sc., Ph.D., M.I.Mech.E., F.R.S., Director- 
General of Scientific Research and Development, Minis¬ 
try of Supply, for his kind permission to publish this 
work, and to Mr. G. A. Knight, A.Met., of the Pressed 
Steel Co., Ltd., for his valued assistance on the metallurgi¬ 
cal side of the investigation. 
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Correction 


In the January Supplement, the author of .the article 
on Tri-axial Tension, starting on page 9 should be listed 
as Dr. L. H. Donnell, Illinois Institute of Technology. 
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Summary of Observations of Cracking 
in Spot Welds in Alclad 24S-T 

By Robert A. Wyant* 


AT THE Lancaster meeting of the Aircraft Weld- 
/\ ing Research Committee on May 5, 1944, the 
Jw Chairman, Mr. Merriman, asked for a discussion 
of the need for a standard of acceptability of cracks in 
spot welds. After considerable discussion a motion was 
made that the writer prepare a summary of observations 
of cracking that have resulted from the aircraft spot¬ 
welding research at the Rensselaer Polytechnic Insti¬ 
tute, t 

The purpose of this paper is to summarize the informa¬ 
tion on cracking that has been more fully discussed in the 
progress reports from this laboratory. The original re- 
jx)rts should be consulted for further details. 


Description of Cracks 

The cracks which occur most frequently and give the 
most trouble are those which radiate from the center of 
the weld in planes perpendicular to the sheets. In 
extreme cases they are visible at the surface of the sheet, 
but more frequently they are entirely internal and in¬ 
visible to the eye. 

Cause of Cracks 

Fundamentally, cracks are caused by shrinkage stresses 
which are set up in the vicinity of the weld during its 
formation High temperature gradients exist between 
the metal in the weld zone and the metal in the surround¬ 
ing sheet. During heating the metal in the weld zone 
expands under the restraint of the surrounding metal and 
the electrode force, which results in plastic flow. During 
cooling the metal in the weld zone contracts against the 
restraint of the surrounding metal, which results in 
shrinkage stresses and cracks. 

Conditions for Cracking 

The formation of cracks is favored by low electrode 
force, electrode tip contours which provide too great an 
area of contact, excessive heat, poor surface preparation, 
and sometimes by certain characteristics of the current 
wave-form. Cracks will form when the unit force over 
the electrode contact area is inadequate to deform the 
metal plastically to a sufficient degree to compensate for 
shrinkage. Cracks are most likely to form in large 
welds having high sheet penetration as a result of exces¬ 
sive heat. Cracks are frequently found in welds from 
which metal has been expelled as a result of poor surface 
preparation. The formation of cracks is also favored 
by some current wave-forms which do not permit enough 

* Welding Laboratory. Rensselaer Polytechnic Institute, Troy, N. Y. 

t These observations were largely made in the course of research conducted 
under contracts with the National Advisory Committee for Aeronautics whose 
permission has been obtained for the publication of this summary. 


heat to flow into the metal adjacent to the weld zone be¬ 
fore cooling starts. 

Detection of Cracks 

The only sure method of determining the presence of 
cracks is by radiography. The method of sections is very 
unreliable since there is always a chance that the plane 
of the section will not intersect the cracks. Furthermore, 
cracks are frequently obsemed completely by faulty pol¬ 
ishing practice. When the cracks extend to the surface, 
they may be detected by visual examination, but this is 
very inadequate since the cracks are usually internal and 
invisible at the weld surfaces. The presence of cracks 
may also be determined by means of tensile-impact tests 
of sheet-efficiency specimens of the stressed attachment 
type. The strength of such a specimen is greatly re¬ 
duced by the presence of a crack in the spot weld. 


Effects of Cracks 

The effect of cracks in a spot weld depends primarily 
upon how the weld and adjacent metal are stressed and to 
a lesser extent upon the size of the weld. When a weld is 
employed in a lap joint, cracks do not affect its shear 
strength under either static or impact loads. Under 
repeated loads its fatigue strength in shear is appreci¬ 
ably reduced by the presence of cracks. With the same 
loading the fatigue strength of very small or very large 
welds is slightly affected by the presence of cracks. 
It should be mentioned that all the conclusions in this 
summary are based upon tests of single-spot specimens. 

When a spot weld is employed to fasten an attachment 
to a stressed sheet, the effect of cracks upon the efficiency 
of the sheet must be considered. The effect depends 
upon whether the attachment is stressed or unstressed, 
and upon whether the weld is subjected to static, impact 
or repeated loads. Furthermore, the different proper¬ 
ties of the sheet are affected to different degrees. The ef¬ 
fects are summarized in Table 1. These effects are in¬ 
dependent of weld size. 

While a report on the corrosion resistance of spot welds 
has not yet been prepared, specimens and data are being 
examined to determine the effects of cracks in this re¬ 
spect. 

Avoidance of Cracks 

The best way to avoid cracks is to employ welding 
conditions which produce sound welds, free from cracks 
and other defects, over a wide range in welding current. 
When the magnitude of the welding current is adjusted 
to a value slightly above the middle of the range, there is 
the least probability of getting either dud welds or 
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T«bl« 1—ES«cts of Cracks on the Efficiency of Spot-Wsldsd 

Sheet 

-Effects on Sheet Efficiency*-^ 


Type of 

Attachment 

Yield 

Ultimate 

Total 

Load 

Loading 

Strength 

Strength 

Elongation 

Static 

Stressed 

Not affected 

Slightly 

Greatly 




reduced 

reduced 


Unstressed 

Not affected 

Slightly 

Slightly 

Impact 

Stressed 


reduced 

Greatly 

reduced 

reduced 




Unstressed 

Slightly 

reduced 

Repeated 



Stressed 

Greatly 

reduced 




Unstressed 


Greatly 



reduced 


* Based upon comparison with similar specimens containing 
crack-free welds. 


cracked welds unless there is a major change in condi¬ 
tions. The most important requirement for fulfilling 
these conditions is that the unit force over the electrode 
contact area be adequate to deform the metal enough in 
the vicinity of the weld to prevent the development 
of shrinkage stresses while the weld is cooling. The weld 
may be allowed to cool either under the influence of the 
welding-force or under a higher forging-force applied at 
the proper time during the cooling of the weld. The 
two methods present different problems. 

When a weld cools under the influence of the constant 
electrode welding-force, the occurrence of cracks is con¬ 
trolled by the magnitude of that force and the contour of 
the electrode tip. The effects of varying these two 
factors are shown in Table 2. While cracking can some¬ 
times be avoided by increasing the electrode force or 
decreasing the radius of curvature of the tip-face, an in¬ 
crease in sheet separation frequently results. This fact 
is of great importance in spot welding Alclad 24S-T be¬ 
cause sheet separation often becomes the limiting factor 
in controlling cracking by this method. Table 2 indi¬ 
cates that it is usually necessary to compromise in making 
a decision to change either the electrode force or tip 
contour. Furthermore, a change in one may require a 
compensating change in the other in order to secure the 
desired results. Current capacity of the equipment and 
the required weld strength are also factors which some- 


Tabl« 2~ES»cta of Varying EUectroda Forca and Tip Contour 
on Charactariatica of Spot Walda That Ara Allowad to Cool 
Under tha Influanca of the Elaotroda Walding-Forca 


Effect of — j 

1 

1 Increas- 

Decreas¬ 

Increas¬ 

ing 

Radius 

Decreas¬ 

ing 

Radius 

on 

1 ing 

ing 

of 

of 

1 1 

1 Electrode 

Electrode 

Tip-Face 

Tip-Face 

1 Force 

Force 

Curvature 

Curvature 

Cracking 

Less 

More 

More 

Less 

Sheet separation 

Mwe 

Less 

Less 

More 

Expulsion 

Less 

More 

Less 

More 

Weld strength* 

Higher 

Lower 

Higher 

Lower 

Tip pickup 

Less 

More 

Less 

More 

Tip deformation 

Faster 

Slower 

Slower 

Faster 

Current magni¬ 
tude t 

More 

Less 

. More 

Less 

Current range f 

Wider 

Narrower 

Wider 

Narrower 

Surface indenta¬ 
tion 

More 

Less 

Less 

More 


* Maximum strength obtainable in sound, crack-free welds, 
t Magnitude of current required to produce a weld of a given 
strength. 

t Range in current over which sound, crack-free welds can be 
pr(^uced. 


times limit the usefulness of this method of controUing 
cracking. When welding with a constant electrode force, 
the current range, over which sound, crack-free welds 
can be produced, is narrow at best and becomes non- ’ 
existent for the heavier gages of material. i 

A much better method of controlling cracking consists 
of subjecting the weld to an electrode forging-force that 
is obtained by suddenly increasing the electrode force 
at the proper time during the cooling of the weld. In 
this method the electrode welding-force and tip contour 
are chosen with due regard to their effects on sheet sepa¬ 
ration, expulsion, current, weld strength, and tip life, as 
indicated in Table 2, but without reference to their ef¬ 
fects on cracking. The cracking is controlled entirely 
by means of the electrode forging-force. The forging- 
force should be from two to three times the magnitude 
of the welding force. The application of the forging- 
force must be carefully timed with respect to the current. 
If applied too early, excessive sheet separation, expulsion 
or dud welds may result. If applied too late, it is inef¬ 
fective in avoiding cracks. The proper time of applies- , 
tion of the forging-force depends primarily upon the I 
current wave-form. By this method of cracking control, 
sound crack-free welds can be produced over an ex¬ 
tremely wide range in current. Fiulhermore, sound 
crack-free welds, having higher strengths, can be more 
readily obtained by this method than by that previously 
described. 

Good surface preparation is another important re¬ 
quirement for the avoidance of cracks. This requires 
^at the sheet material be thoroughly degreased and then 
subjected to a chemical surface treatment which will 
leave the sheet with a very low surface resistance. There 
are several good methods of chemical surface treat¬ 
ment, which are equally satisfactory in this respect, pro¬ 
vided that they are kept under control. 

The occurrence of cracks is sometimes affected by the 
current wave-form. Too steep a condenser discharge 
narrows the range between duds and cracking. Too 
gradual a discharge appears to make a proper applica¬ 
tion of forging difficult. In a.-c. welding cracks can be 
eliminated by increasing the time during which the cur¬ 
rent is allowed to flow. This permits more heat to flow 
into the metal adjacent to the weld, thus causing it to 
expand. During cooling the weld and surrounding 
sheet contract simultaneously and the shrinkage stresses 
are minimized. The same principle probably applies, 
but to a lesser degree, in spot welding with electromag¬ 
netic energy-storage welders where a preheating current 
flows for a considerable peiiod of time. Any such bene¬ 
ficial effect of the preheat, however, appears to be over¬ 
shadowed by the effect of forging in these machines. 

Frequency of Occurrence 

While no quantitative data are available, laboratory 
experience indicates that the occurrence of cracks has 
probably been very frequent in production. It is be¬ 
lieved that this is particularly true for the welding of the 
heavier gages (>0.032 in.) at the low values of electrode 
force that have been commonly used, and without the 
benefit of forging. With more widespread use of welding 
machines equipped with dual-pressure systems, with im¬ 
proved surface-treating practice, and with more exten¬ 
sive use of radiography, the occurrence of cracks is ex¬ 
pected to become much less frequent. There is no doubt 
but that millions of cracked spot welds have been in serv¬ 
ice. Since very few failures, if any, have ever been 
attributed to cracked spot welds. Ibis would indicate 
that the spot welds have been so employed as to give a 
high factor of safety. 
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Susceptibility of Other Alloys to Crackiiig 

With any given electrode welding-force and tip con¬ 
tour 3 S-V 2 H, 14S-T, 52S-V2H, and 61S-T are less sus¬ 
ceptible to cracking than 24S-T, 75S-T and R-301-T. 
This means that under some conditions the first four al¬ 
loys can be satisfactorily welded without forging. 
For the last three alloys forging is highly recommended. 


Concluding lUmarks 

It is anticipated that in the future, individual spot 
welds may be required to carry larger loads with safety, 
as a result of trends toward more efficient use of material 
in aircraft structures and less fabrication time. It there¬ 
fore becomes extremely important that the effects of 
cracks in spot welds be understood and that cracks be 
avoided particularly in those applications of spot welding 
where the occurrence of cracks might have serious conse¬ 
quences. 


Normalizing vs. Stress-Relieving* 

( 

By O. Schmidt emd E. Ibllenbeck 


A CORRECT and lucid conception of the rela¬ 
tive advantages offered by normalizing and 
stress-relief heat treatment is essential—espe¬ 
cially so in the steam boiler industry. 

Generally, stresses in pressure vessels are conditioned 
by the following two basic factors: 

1. Mechanical—rolling, heat, internal pressure, etc. 

2. Chemical—involving corrosive influences. 

In welding, the difference between the two heat treat¬ 
ments is depicted in the resulting microstructure of the 
weld and of the transition zone enclosed between weld 
and base metal, i.e., of any point of contact between the 
deposited molten weld metal and the parent metal. 
Any pronounced difference in the effect produced by 
normalizing and stress relieving would become especially 
evident when the service conditions are of such a nature 
as to fav'or a basic change in the intrinsic properties of the 
metal. 

The present research was carried over a five-year pe¬ 
riod and aimed to establish any differences which the two 
heat treatments would produce on (a) the structural 
characteristics and (6) the mechanical properties of 
welded joints. 

Metallurgical Considerations 

(o) Normalized Welds 

Normalizing involves heating to above the upper criti¬ 
cal point (Acj) followed by cooling in still air. The 

* Extended abstract of an article appearing in Eltklroschwtissung, 13 (10), 
141-148: (ID 156-162 (Oct.-Nov. 1942). Abstracted by M. A. Cordovi. 
Research Metallurgist, The Babcock and Wilcox Tube Co. 


metal undergoes two structural changes—on passing 
through the Acg point on heating and by passing tlirough 
the Atj point on cooling. 

For example, the microstructure of a rolled boiler plate, 
Fig. 1 {A), is unaffected by heating to 721° C. (1330° F.) 
(Aci) but would change to the one shown in Fig. 1 {B) 
upon exceeding this temperature range. The trans¬ 
formation process continues with increasing temperature 
up to the Acj point, Fig. 1 (C), above which, the original 
(as-rolled) microstructure is completely replaced by fine, 
equiaxed crystals. This transformation mechanism is of 
the utmost importance in welding for it makes possible 
the change of a given structure—usually coarse or Wid¬ 
manstatten—to a new, refined microstructme. Grain 
refinement is accomplished only by carefully controlled 
heating to above Aca and cooling below Ati. The process 
of grain refinement is further illustrated by the photomi¬ 
crograph in Fig. 2 (6). In properly heat-treated weld¬ 
ments, the grain size changes from 130-250/i* in the base 
metal to 10-30 m* in the weld.* 

Welded joints which have been subjected to a normal¬ 
izing heat treatment possess a homogeneous micrcstruc- 
ture which is independent of factors such as: plate thick¬ 
ness, welding technique and conditions, etc. This homo¬ 
geneous raicrostructure enhances the mechanical proper¬ 
ties and the resistance to corrosive influences of the 
weldment. 

The desirable characteristics produced by normalizing 
are a function of the heat-treating temperature, holding 
time and rate of cooling. The results of incorrect pro¬ 
cedure are depicted in Figs. 3 and 4. The coarse micro- 

* means area of cross section of a grain in sq. mm. v ~ 0.001 mm. 
(Abstr. note). 



Fig. 1—Effect oi Normalizing on Microstructure of Boiler Plate (0.18% C) 

A —"As-rolled" structure; B —^beginning of grain refinement; C—continued grain refinement; D—refined 

structure. 
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(See footnote page 185-s.) 

Figs. 2 (a) and 2 {b )—Macro and Microstructure of a Normalized Weldment 
Figs. 2 (c) and 2 (d)—Recrystallization in a Normalized Weldment 

Figs. 2 (e) and 2 (/)—Macro emd Microstructure of a Stress-Relief Heat-Treated Weldment 
Figs. 2 (g) and 2 (i 2 )—Macro and Microstructure of a NonReat-Treated Weldment 


structure in the base metal, transition zone and in the 
weld, Fig. 4, are the result of prolonged heating in the 
Acs zone followed by an exceedingly slow rate of cooling, 
as indicated by the graph in Fig. 3. These illustrations 
were taken from actual practice, the improper heat 
treatment being due to inadequate finnace design which 
did not permit accurately controlled conditions. The only 
remedy in this case (involving the heat treatment of a 
boiler drum) was to repeat the normalizing treatment 
under proper conditions. Fig. 5, as a result of which, the 
structure shown in Fig. 6 was obtained. The data sum¬ 
marized in Table 1, clearly indicate that incorrect heat 
treatment and its concomitant microstructure are es¬ 
pecially detrimental to notch-impact strength. 



(6) Stress-Relieved Welds 

Considering plain carbon steel, a stress-relief heat 
treatment consists of heating to below the lower critical 
range (Aci) that is, to below 700° C. (1292° F.). Hence 
no structural changes are involved. 

A concise picture of the significant changes in micro¬ 
structure which evolve from single and multilayer weld¬ 
ing is furnished by the data in Table 2. On the basis of 
thepe data the following observations are made regarding 
multilayer welding which, a« a rule, is used in boiler con¬ 
struction: 

1. The individual beads (except the last) are repeat¬ 
edly Subjected to a normalizing heat treatment. 



TIME, HOURS 
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Figs. 3 and 4—Normalized Microstructure niustratiug Effect Figs. 5 and 6—Normalized Microstructure Depicting Correct 

of Incorrect Heat Treatment Heating and Cooling Conditions 
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Tabu 1—^Effact of Haat*Traaiting Tima and Tamparatura on Maohanical Pro p artiaa 


Property ' 

First Heat Treatment* 
t - 900-950” C. 

Slow Cooling Between A} and At 

Second Heat Treatment* 
t - 900-910* C. 

Fast Cooling Between Aa and Ai 

Limiting Values 

Av. 

Limiting Values 

Av. 

Tensile strength, psi. 

67,460-58,360 

67,900 

58,020-69,720 

58.870 

Bend angle, degrees 

180 

180 1 

180 

180 

Bend ductility, %t 

48-60 

49 

55 

55 

Notch-impact value, mkg./cm.*t 

7.6-12.1 

10.2 ! 

20.4-24.5 

22.0 


• See Figs. 3 and 5. 
t 1 - 0.79 in. 
i DMV specimen. 


« 

\ 

% 



Fig. 7—Microftnictuza in Wald Transition Zone ol a Nonhaat* 
Treated Weldment 


2. The weld transition and heat-affected zones are 
refined by the heating cycle to which the individual beads 
are subjected. 

These observations suggest the following recommenda¬ 
tions in actual practice; 

1. Deposition of light beads so that the succeeding 
layers will refine the structure of the underlying bead 
tl^oughout its entire thickness. 

2. Use of electrodes of adequate thickness and as 
quick a welding procedure as possible. 

3. Deposition of each bead in such a manner that it 
covers the entire width of the weld groove. 

If these conditions are fulfilled there will be coarse 
microstructure left only in the last (top) layer which, 
however, too may be refined by mechanical means after 
welding. In this way, the structure of both weld and 
transition zone will be uniform and refined. The macro 


and microstructures shown in Figs. 2 («) and 2 (/) are 
typical of stress-relieved boiler plate weldments and 
indicate the grain size produced by multilayer welding. 

(c) Nonheat-treated Welds 

Conspicuous differences in weld and transition zone 
microstructures of stress-relieved and nonheat-treated 
weldments, Figs. 2 (g) and 2 (h) are not observed when 
stress-relief heat treatment is performed at 600-650® C. 
(1112-1202° F.), that is, when the heat-treating tempera¬ 
ture in no instance exceeded 680° C. (1256° F.). Typical 
microstructures of nonheat-treated and stress-relieved 
weldments are depicted in Figs. 7 and 8. 

(d) Recrystallieation 

By recrystallization is meant the formation of new 
crystals following cold deformation of the metal. The 



Fig. 8—Microstruchiro in Weld Transition Zone of a Stress- 
Relieved Weldment 


Table 2—-Effect of Single and Multilayer Welding on Micrpstructure 


1 . 

2 . 


3. 

4. 


Location 

Single Layer Welding* 

-Microstructure - ■■■,. ...- 

Multilayer Weldingt 


Parent metal 

Unaffected structure consisting of 
ferrite plus pearlite 

ti < Ac, 

Unaffected structure consisting of 
ferrite plus pearlite 

It «: Ac, 

Heat-affected zone 

Beginning of solution of pearlite 
Refined structure 

Beginning of grain coarsening 
Overheated coarse grains near heat- 
affected zone 

/, *3 Ac, 

/, = Ac, to Ac, 
ti > Ac, 

> Ac, 

Beginning of solution of pearlite 
Refined structure 

ti *s Ac, 
ti = Ac, to Ac, 

Weld transition zone 

Overheated structure (Widmanstat¬ 
ten) 

/, » Ac, 

Refined structure 

ti » Ac, 

Weld 

Overheated structure (Widmanstat 
ten) with columnar cr 3 rstals 

ti » Ac, 

Overheated structure with columnar 
crystals superseded by fine grains 
due to subsequent weld layers 

/,» Ac, 

ti W Ac, 


• /[ = temperature during single-layer welding. 

t /j ~ temperature of the already solidified weld metal during deposition of a subsequent bead in multilayer welding 
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Fig, 9—Recrystallizatioii in Soft Iron (0.05%C). After Hanemann 

newly formed grains may be smaller, equal to or larger 
than the original grain size of the metaJ considered. 

According to results reported by Hanemann, Fig. 9, 
recrystallization is especially favored by cold reduction 
over 5% and temperatures above 600-700° C. (1112- 
1292° F.). The cross-sectioned curves, Fig. 9, indicate 
what degree of deformation is necessary at certain tern- 
fwratures, to promote recrystallization. The plotted data 
likewise show what grain growth is to be expected at 
given temperatures. Accordingly, it will be noticed that 
grain growth (a phase) assumes considerable proportions 
following a deformation of 7-8% at temperatures of the 
order of 750° C. (1382° F.). At this point, it should be 
mentioned that recrystallization is a process with definite 
time dependence. 

As long as the newly formed crystals are equal to or 
smaller than the original grains, recrystallization in 
welded joints is of secondary importance. However, if 
the new ^ain structure is considerably larger than that 
of the original metal, this grain coarsening may, under 
some circumstances, adversely affect certain mechanical 
properties of the metal—for instance—the notch-impact 
toughness. Recrystallization is liable to occur in the 
base metal adjacent to the weld due to the cold work to 
which it has t«en subjected prior to welding and the in¬ 
fluence of the critical temperature attained during the 
welding process. Fig. 10. 

It becomes necessary, therefore, to determine whether 



Fig. 10—Temperature Distribution in Electric Arc Welding. 

After Bomefeld 

Material, mild steel (St 37); thickness, 0.12 in.; welding speed, 
10.5 ft./hr. 

recrystallization after stress relieving has the same effect 
as after normalizing. 

1. Recrystallization in Normalized Plates. —Normal¬ 
ized weldments are heated above the Acs point and un¬ 
dergo a complete change in raicrostructure. It may be 
expected, therefore, that recrystallization does not take 
place. Actually, however, normalized weldments, too, 
can undergo this transformation as shown by the typical 
macro and microphctographs in Figs. 2 (c) and 2 (d). 

The narrow light and dark stripes appearing adjacent 
to the transition zone, Fig. 2 {c) are shown in Fig. 2 {d) 
to be well-defined zones, the microstructures of which 
vary in grain size. The fine-grained portions of these 
zones are similar to the grain size distribution .in ade¬ 
quately normalized weldments (50 to 130/i*). Between 
these refined zones lies a coarse-grained zone in which the 
grain size may be of the order of lO.OOOju^i Fig. 12. This 
is a case of undesirable recrystallization in that the ferrite 
due to its excessive grain growth has completely engulfed 
the pearlite (pearlite islands are formed). Under nor¬ 
mal circumstances, the pearlite would occur on the fer¬ 
rite grain boundaries. Several such cases were found 
especially with fine-grained and virgin base metals. 

2. Recrystallization in Stress-Relieved Plates. —The 
microstructure of stress-relieved weldments remains un¬ 
changed by this subcritical heat treatment. The grain 
refinement produced by multilayer welding is similar to 
that of normalized welds. For the purpose of compari- 


Fig. 11—Undesirable Recrystallization in Base Metal 
Due to "Normalizing’' of Fine-Grained Steel. 500 X 




Fig. 12—Undesirable Recrystallization in Original Metal 
and, ‘Therefore, Also in Stress-Relieved ^Weldment. 
500 X 
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son with normalized welds, stress-relieved weldments 
which had been cold reduced 1.65 to 7% were employed. 
The previously discussed characteristics exhibited by 
the normalized welds, Fig. 11, were not found in stress- 
relieved welds, cold worked 1.65 to 2.25%. Plates which 
bad been cold worked to a greater extent (5 to 7%), how¬ 
ever, did exhibit some recrystallization as per Fig. 12. 
The position of the pearlite, which previous to cold work¬ 
ing was within the ferrite grains, remained unaltered in¬ 
asmuch as stress-relief heat treatment does not involve a 
basic change in microstructure. It should be pointed 
out that in the case under consideration the recrystalli¬ 
zation phenomenon did not decrease the notch-impact 
strength of the weldment; hence it was inconsequential. 

The relative advantages and disadvantages of normal¬ 


izing and stress-relief heat treatment having been dis¬ 
cussed, the following may be stated regarding their effect 
on the microstructure of weldments: 

1. Normalized welded joints are composed of uni¬ 
form, fine-grained (usually homogeneous) microstruc¬ 
ture. This desirable microstructure may be obtained 
only through carefully controlled conditions of tempera¬ 
ture, holding time and rate of cooling. With fine-grained 
virgin metals, undesirable recrystallization often occurs. 

2. Stress-relieved weldments have a refined micro¬ 
structure which, however, is not always homogeneous. 
Under certain circumstances this microstructure is de¬ 
pendent on welding technique type and thickness of 
electrode, etc. 
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Fig. 13—Test Data for Normalized and Stress-Relieved Weldments 
* k, ,= Calculated strength of plate material. 
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Fig. 14—Notch'Impact Toughness of Weld, TrenBition Zone 
and Base Metal in Stress^Relieved Weldment (Plate Type MII) 


In view of the established relationships, the two heat 
treatments may be considered technically equivalent 
under circumstances involving adequate electrodes, and 
correct welding and heating conditions. 
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TRANSVERSE SECT 


Fig. 15—Notch'Impact Toughness of Weld, Transition Zone 
and Plate After Cold Reduction of 7% 

Material, structural steel; piate thickness, 2.33 in.; weldment 
in stress-relieved condition. 


Mechanical Characteristics 

The following tests were conducted using normalized 
and stress-relieved specimens to determine whether the 
microstructure produced by these heat treatments af¬ 
fected the mechanical properties of the weldments. Ac¬ 
cordingly, all sections of the welded joint, i.e., the weld 
proper, the transition zone and the heat-affected zone 
were investigated. 

I. WM 

Series a .—The tensile strength, bend ductility and 
notch-impact strength of several hundred stress-relieved 
and normalized weldments in the unaged condition were 
investigated over a five-year period. The results ob¬ 
tained for boiler plate quality steels designated M I, 
M II, M III and M IV are represented in Fig. 13. The 


plotted relationships fail to show significant differences 
in the mechanical properties of stress-relieved and nor¬ 
malized weldments. 

Series b .—In this experimental series was tested the 
notch-impact strength of unaged and artificially aged 
(Va hr. at 482° F.) weldments in the normalized and 
stress-relieved conditions. The normalized specimens 
were machined from four flat plates containing 0.10 to 
0.18 C, trace to 0.15 Si, 0.60 to 0.81 Mn (composition of 
welds; 0.05 to 0.06 C, 0.16 to 0.21 Si, O.W to 0.85 Mn). 
The chemical composition of the stress-relieved plates 
ranged from 0.16 to 0.21 C, 0.23 to 0.31 Si and 0.56 to 
0.64 Mn, and the welds contained 0.07 to 0.08 C, 0.25 to 
0.32 Si, 0.57 to 0.66 Mn. 

The notch-impact values of aged specimens, irrespec¬ 
tive of heat treatment, were considerably lower than 
those obtained with unaged specimens. Thus the notch- 


Tabl« 3*-Notoh-Impact Value of Weld Transition Zone in Normalised Weldments 


Plate type. 

M II 

M III 

M IV 

Cu-Mo II 

Plate thickness, in. 

1.57 

0.98 

1.38 

2.00 

Chemical analyses 

C 

Si 1 Mn 

C 

Si 

Mn 

C t Si 

Mn 

C 1 Si 1 

Mn 

Cu Mo 

Plate, 7o . 

0.13 

0 15 1 b 81 

0.18 

0 19 

0.66 

0,25 1 0.23 

0.64 

0.12| O.Il 0.67 

0.23 U.4U 

Weld, %. 

0.06 

0.21 (0.85 

0.05 

0.22 

0.90 

O.O 9 I 0.17 

0.96 

0.06! 0.25 1 0.87 

0.14 i0.3(t 

Welder. 

A 

A 

A 

A 

Cross section of specimen, sq. in. 

0.233x0.233 

0,233x0.233 

0.155x0,119 

0.233 x 0.233 

0.155x0.233 

KUl, mkg./cm.* 


17.8 


11,1 


8.4 


16.7 


14.3 

KU2, mkg./cm.* 


13.7 


10.7 


8.4 


16.6 


11.4 

fCU3, mkg./cm.* 


21.2 


10.0 


10.4 


17.3 


13.4 

KU4, mkg./cm.* 


20.4 


10.4 


10.0 


33.4 


10.9 

KtUS, mkg./cm.* 


19.4 


11.4 


10.4 


32,3 


12.2 

IvU6, mkg./cm.* 


19.3 


8.8 


10.0 


23 9 


12.2 

K.II7, mkg./cm.* 


16.7 


9.1 


8.1 


31.2 


13.7 

Kl'S, mkg. cm.* 


18.3 


10.1 


11.0 


17.1 


12.4 

Kl'P, mkg. 'em.* 


16.7 


16.8 


9.7 


16.0 


13.3 

Kl' 10, mkg./cm.* 


17.0 


16.7 


9.7 


15.9 


13.1 

ICr 11, mkg 'cm.* 


19.8 


14.1 


9.9 


25.5 


10.9 

Kl' 12, mkg. ciTi * 


21.1 


12.0 


9.9 


19.3 


9.8 
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Table 4—Reaulte e£ Notch>Impact Test in Weld, Transition 
Zone and Base Metal. Specimens Obtained £ram Stress- 
Relieved Flat Plate Type M II 


Plate thickness, in. 

1.14 

1.14 

Cold work. %. 

0 

0 

Welder. 

F 

G 

Plate type. 

M II 

M II 

Chemical analysis. 

C Si Mn 

C Si i Mn 

Plate. %. 

Weld, %. 

0.170.210.61 

0.050.220.89 

0.170.22 0.60 
0.04i0.22l0.79 

Cross section of specimen, sq. in. 

0,233 X 0.233 

0.233 X 0.233 

Kl, mkg./cm.* 

K2-T, mkg./cm.* 

K3—0.19 in., mkg./cm.* 

K4—0.39 in., mkg./cm.* 

K5—0.79 in., mkg./cm.* 

K6—1.18 in., mkg./cm.* 

K7—1.97 in., mkg./cm.* 

13.2 

13.2 

9.6 

8.6 

11.8 

9.6 

10.4 

11.8 

9.8 

8.0 

8.0 

8.8 

8.8 

7.6 


impact strength of unaged normalized specimens varied 
from 6.5 to 120 mkg./cm.* whereas that for the artifi¬ 
cially aged specimens ranged from 1.0 to 4.90 mkg./cm.* 
(in one case only, the value was 6.72 mkg./cm.*). The 
corresponding values for the stress-relieved specimens 
were: 9.0 to 17.8 mkg./cm.* in the unaged condition and 
3.0 to 9.6 mkg./cm.* in the aged. On the basis of these 
findings it is evident that both types of welds are weak¬ 
ened by an aging treatment. The notch-impact strength 
values of normalized welds were somewhat inferior to 
those of stress-relieved welds but the general trends ob¬ 
served with both types of heat treatment were alike. 

II. Transition and Heat~Affected Zones 

Conditions favoring recrystallization accompanied by 
undesirable grain coarsening and a drop in notch-impact 
toughness are present, in an ideal form, in every weld¬ 
ment. This is so in view of the cold work to which 
boiler plate is subjected in the finishing stage of its manu¬ 
facture and the critical temperatiu-e, often in excess of 
700® C. (1292® F.), which is developed in the neighbor¬ 


Table S^Details of Welded Dnims 






Degree of 



Thickness, 

Drum Diam., 

Cold Work, 

Type of Plate 

In. 

In. 

% 


■ 

1.02 

59.0 

1.75 



0.88 

47.2 

1.88 



0.70 

31.6 

2.25 

Boiler plate M II< 


1.67 

1.18 

23!6 

7.0 

6.0 



1.18 

16.1 

7.0 



1.18 

23.6 

5.0 



1.18 

16.1 

7.0 

Structural plate (M II) 

2.36 


7.0 

Boiler plate M III 

0.90 

55.1 

1.66 


hood of the transition zone diuing welding. To eluci¬ 
date this question, the experiments described in the fol¬ 
lowing paragraphs, were conducted using both flat plates 
and drums. Inasmuch as tensile tests, bending tests, 
etc., failed to show any essential difference between nor¬ 
malized and stress-relieved plates, notch-impact value 
was employed as a criterion in this case. 

{a) Normalized Welds. —Notch-impact specimens 
measuring 0.233 x 0.233 in.* and 0.155 x 0.119 in.* in 
cross section were machined from boiler quality steel 
plates, the thickness and chemical composition of which 
are listed in Table 3. The microstructure of these plates, 
after normalizing, was very homogeneous and no “af¬ 
fected zone” was present between weld and base metal. 
The values obtained. Table 3, are in general high, at any 
rate they are higher than those obtained in the origin^ 
(unheat-treated) plate. 

(b) Stress-Relieved Plates. —This experimental series 
comprised tests on stress-relieved specimens machined 
from flat plates drawn 0% and rounded plates (drums)— 
drawn 1.65 to 7%, as per Tables 4 and 5. 

Flat Plates: in this case the notch was machined in the 
middle of the weld (specimen Kl), in the transition zone 
(specimen K2-T) or in the base metal 0.20 to 1.97 in. 
from the weld transition zone (specimens K3 to K7, 


Table 6—Results of Notch-Impact Tests in Weld, Transition Zone and Base Metal for Boiler Plates M II and M III and 
Structwal Plate M II. Specimens Obtained from Circumferential Welds in Materials Varying in Inside Diameter, Wall 
Thickness and Degi«e of Cold Reduction. Weldments in Stress-Relieved Condition. Series I, Electrode A 


Plate thickness, in. 

0.90 

1,02 

0.88 

0.70 

1.57 


2. 

36 


Cold work, %. 

1.65 

1,75 

1.88 

2.25 

7.0 


7. 

0 


Welder. 

A 

E 

H 

A 

Plate type. 

M III (Boiler) 

M II (Boiler) 



C 1 Si |Mn 

C 

Si 

Mn 

C 

Si 

Mn 

C 

Si 

Mn 




0.27 

0.53 





0.24 

0.42 

Weld, %. 



0.27 

0.74 





0. 

17 

0.74 

Cross section of specimen, sq. in. 






Longitudinal 

Transverse 









0.233X 


0.233x 

0.155X 












0.119 

Series I 












Kl-W, mkg./cm.* 

15.9 

19.3 

17.6 

16.6 


15.2 


18.0 

12.9 

■19.7 

12.8 

K2-T, mkg./cm.* 

19.8 

14.5 

19.7 

18.8 


15.3 


11.9 

8.9 

17.2 

14.3 

K3—0 19 in., mkg./cm.* 

16 6 

11.5 

14.8 

15.2 


13.3 


14.0 

11.0 

11.9 

9.1 

K4—0.39 in., mkg./cm.* 

15,4 

12.8 

11.2 

11.8 


14.4 


10.9 

5.2 

2.8 


K7—0.79 in., mkg./cm.* 

15.8 

11.8 

13.2 

15.4 


12.6 


13.4 

10.7 

13.1 

4.2 

K8—1.18 in., mkg./cm.* 

15.4 

9.2 

13.8 

16.3 


13.4 


6.7 

9.4 

12.4 


KIO—1.97 in., mkg./cm.* 

15.6 

11.7 

14.5 

16.8 


18.5 


13.7 

8.7 

14.8 

8.1 

Kll—3.15 in., mkg./cm.* 

15.4 

14.1 

12.4 

16.8 


13.1 


15.0 

11.7 

14.2 

2.6 

Series II 












K13-W, mkg./cm.* 

15.4 

17.7 

18.2 

19.1 


L6.0 


18.4 


18.7 


K14-T, mkg./cm.* 

19.7 

17.6 

17.6 

19.4 


18.9 


30.0 


11.2 


K16—0.19 in., mkg./cm.* 

16.6 

11.0 

13.6 

12.9 


13.3 


16.6 


14.2 


K17—0.39 in., mkg./cm.* 

16.8 

12.4 

12.0 

17.3 


17.4 


16.2 


12.8 


KI9—0.79 in., mkg./cm.* 

16.9 

12.5 

11.9 

16.8 


14.8 


15.8 


12.6 


K20—1.18 in., mkg./cm.* 

15.0 

13.8 

15.3 

16.7 


13.0 


16.3 


7.9 


K22 —1.97 in., mkg./cm.* 

16.9 

13.8 

13.9 

17.4 


13.6 


15.8 


14.5 


K23—3.15 in., mkg./cm.* 

16.4 

12.7 

15.3 

18.4 


14.2 


17.9 

■■ 
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Tabl« 7—RMults of Notch-Impact Taata in Transition Zona 
and Basa Matal for Plata Tyna M II. Spacimans Obtainad 
from Circumfarantial Walds in Matarial SubjMtad to 
Varying Dagraas of Cold Raduction. Sarias II, EUactrodes 
A and B 



1 1-18 1 

1. 

18 




.5 

1 


7 




Electrode. 

A 

1 


B 

Plate type.j 

! M ir 

Welder. 

A 

i D 

A 

1 B 

Chemical analysis. 

C 

1 Si , 

Mn 

Plate. %. 

0 14 

0 

19 i 

0 61 

Weld, % . 

0.05 

0. 

15 i 

1.00 

Cross section of specimen, sq. in.... 

lo.233 x 0.233 i 

0.233 x 0.233 

Series I 





Kl-T, mkg./cm.* 

15.9* i 

19.3 

20.0 

16.4 

K2—0.12 in., mkg./cm.* 

13.2* 

13.3 

: 24.9 

27.2 

K3—0.19 in., mkg./cm.* 

13.9* 

15.9 

22.1 

12.8 

K4—0.27 in., mkg./cm.* 

18.6* 

14,3 

21.6 

17.6 

K5—0.19 in., mkg./cm.* 

16.1* 

15.2 

20.2 

17.0 

K6—0.12 in., mkg./cm.* 

15.8* 

19.0 

28.9 

, 25.3 

K7—0.19 in., mkg./cm.* 

14.9* 

14.9 

18.2 

15.8 

K8—0.27 in., mkg./cm.* 

13.7* , 

18.0 

, 20.0 

17.3 

K9—0.19 in., mkg./cm.* 

16.5* 

16.5 

, 20.9 

15.9 

KIO—0.12 in., mkg./cm.* 

15.9* 

29.7 

21.4 

17.0 

Series 11 





Kll-T, mkg./cm.* 

19.5 

17.5 1 

22.4 

18.3 

K12—0.12 in., mkg./cm.* 

32,6 

15.4 ! 

30.6 

17.2 

K13—0.19 in., mkg./cm.* 

21.2 

14.6 1 

25.0 

14.5 

K14—0.27 in., mkg./cm.* 

21.6 

14.2 ! 

20.5 

15,0 

K15—C. 19 in., mkg./cm.* 

23.2 

1 16.4 ' 

21.4 

18.6 

K16—0.12 in., mkg./cm.* 

32.7 

1 27.5 . 

23.7 

22.6 

K17—0.19 in., mkg./cm.* 

32.6 

17.7 

23.4 

18.2 

K18—0.27 in., mkg./cm.* 

19.2 

19.6 

24.9 

16.7 

K19—0-19 in., mkg./cm.* 

24.0 

: 17.0 

1 20.7 



• Nonheat-treated. 


Table 4). The findings from these tests as given in 
Table 4 and Fig. 14 indicate that the notch-impact 
values were sufficiently high—at least as high as in the 
base metal. 

Drums: this test series comprised specimens obtained 
from boiler quality steels M II, M III and structural 
steel M II (chemical composition given in Table 7). 
In order to obtain a comprehensive picture, ten circum- 
ferentials were made by five different welders using two 
types of electrodes. Details regarding the thickness, di¬ 
ameter and degree of cold work of the plates employed 
are listed in Table 5. 

Series I, Electrode A 

In Series I was investigated the notch-impact resist¬ 
ance of weld, transition zone and heat-affected zone. 
The notch was machined with its center in the weld, in 
the transition zone and in the base metal at a distance of 
0.19, 0.39, 0.79, 1.18, 1.97 and 3.15 in. from the transi¬ 


tion zone. The specimens were 0.233 x 0.233 in.® (boiler 
and structural steels) and 0.155 x 0.119 in.® (structural 
steel) in cross section. The results are given in Table 6. 

Boiler plate steels M II and M III exhibited good 
notch toughness. Highest values were obtained in the 
weld and in the transition zone. The values beyond the 
transition zone (in the base metal) were, as a rule, some¬ 
what lower but high values were still prevalent in many 
locations. A sharp, systematic drop in notch-impact 
strength was not observed in any case. 

The thickness (2.36 ip.) of the structural plate per¬ 
mitted use of longitudinal and transverse (to direction of 
rolling) specimens. The inconsistency in the notch- 
impact values obtained with transverse specimens. 
Table 6 and Fig. 15, is due to the inadequate heat treat¬ 
ment of the original (unwelded) plates and is not to be 
ascribed to the stress-relief heat treatment after welding. 
Highest and lowest values were recorded at 1.18 in. 
(longitudinal specimen 0.233 x 0.233 in.*) and 0.39 in. 
(transverse specimen 0.233 x 0.233 in.®) from the transi¬ 
tion zone. In the latter case one notch-impact value 
was as low as 2.8 mkg./cm.® 

Series II, Electrodes A and B 

The purpose of the experiments in this series was to 
determine the notch-impact value in the neighborhood of 
the weld and transition zone. In so far as the results 
plotted in Fig. 14 revealed a drop in strength in the heat- 
affected zone, the test specimens had the notch machined 
in the transition zone and at 0.12, 0.19and0.27 in. from 
it in the base metal. 

Electrode A .—The test details and results are given in 
Table 7. For comparison, in Group I were tested both 
nonheat-treated and stress-relieved specimens. Acccrd- 
ingly, the values in Table 7 reveal a considerable increase 
in notch-impact toughness due to the heat treatment. 
No sharp drop in impact strength was observed at any 
point in the 0.27-in. long test zone. 

Electrode B .—The results from these tests are likewise 
given in Table 7. The same basic relationships obser\*ed 
with Electrode A held true in this case. The notch-im¬ 
pact value did not drop appreciably anywhere in the 
0.27-in. area enclosed between transition zone and base 
metal. 

Conclusion 

On the basis of the experimental data obtained in his 
and other investigations* dealing with normalized and 
stress-relieved weldments, the two heat treatments 
should be considered as technically equivalent. 


*£r{. d. RWiM, March 6, 1940, and December 15, 1941. 
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A Study of the Tensile Properties of 
Heavy, Longitudinally Welded Plate 
Specimens Simulating Deck and 

Shell Joints* 

By Leon C. Bibber^ 


Backgroimd 

T he failure of a number of welded ships during 
recent years has brought into sharp focus a great 
many questions pertaining to the performance of 
steel as welded in such large structures. Many in¬ 
vestigations are imder way in this country seeking to 
determine the fundament^ causes for these failures. 
The many very capable investigators are using the most 
modem strain-measuring equipment in their work and 
their efforts will imdoubtedly add a great deal to the total 
of our knowledge about the behavior of steels. It 
was felt, however, that more information was needed on 
the performance of steel in large heavy structures loaded 
in tension. Accordingly, it was decided to conduct a 
series of tensile tests on certain large and unusual speci¬ 
mens simulating in so far as was possible constructions 
existing in actual ships. 

One phase of the ship failure problem has caused a 
great deal of comment; namely, that most of the ship 
fractures have been square, sharp breaks with no ap¬ 
parent elongation, suggesting to some the unwarranted 
conclusion that the steel was brittle. It was hoped that 
test specimens, large and thick enough, could be made 
which would fail with square fractures with little or no 
elongation; in other words, we wanted to duplicate the 
failures in the ships. This hope was not realized as will 
be seen later. 

No illusions were entertained that these tests would 
provide the complete and final solution of the problem 
of the cracking of ships. On the contrary, it was clearly 
realized that the information gained from these experi¬ 
ments would add but another small amount to our store 
of knowledge on the behavior of large welded structures. 
It is believed that the data on the performance of heavy 
flat specimens will be useful to engineers, in general, and 
will prove helpful to other experimenters desiring to 
undertake similar work. These tests are in a sense a 
continuation of a series conducted by the author at the 
Bureau of Standards and reported in the Transactions 
of this Society in 1932. 

* Presented at the Annual Meeting of the Society of Naval Architects and 
Marine Engineers, Nov. 16 and 17. 1944. 

t Welding Engineer, Camegie-Illinois Steel Corp. 


Object 

The general object of the study was to observe the 
mode and extent of flow in ordinary commercial heavy 
mild steel plates of known tensile properties in the form 
of specially shaped, welded and variously conditioned 
tensile specimens. There were, however, many second¬ 
ary objects of the test as follows: 

(a) To determine the strength, elongation and man¬ 
ner of deformation and failure of 

1. Specimens simulating the comer type of gunwale 

construction as it exists on certain Great Lakes 
ore carriers. 

2. Specimens simulating the T-type of gunwale con¬ 

struction as it exists on certain oil tankers. 

3. Short, wide, flat plate specimens designed to re¬ 

strain the lateral reduction of the material and 
simulate conditions existing at points of re¬ 
straint in the ship structure. 

4. Long, wide, flat plate specimens designed to sim¬ 

ulate the stress conditions in tension existing in 
flat stmeture of considerable length. 

(ft) To determine the effect upon behavior under ten¬ 
sion of 

1. Stress-relief annealing applied to virgin base metal 

and welded specimens. 

2. Transverse locked-up stress. 

3. The welding process used (Unionmelt welding, 

manual arc welding.) 

4. Temperature of testing. (70® F. and 20® F.) 

(c) To .determine the tensile properties throughout 
the cross section of the specimens by means of small- 
specimen tensile testing. 

Apparatus 

The specimens were tested in the large 4,000,000-Ib. 
hydraulic eye-bar testing machine of the American Bridge 
Co. at their Ambridge plant. This machine, shown in 
Fig. 1, is capable of testing eye bars 40 ft. long. The 
great length of the machine girders can be seen extending 
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into the background of the picture. The load is trans¬ 
mitted from the moving head shown in the immediate 
foreground to the specimen by means of pin connections. 
On ^e larger specimens pins 16 in. in diameter were used. 
The movement of the head of the machine is indicated 
by means of a pointer indicator attached to the top tie rod 
as shown. 

All tensile test data on small standard round speci¬ 
mens were taken by means of automatic load-extensibn 
recording devices. 

Procedure 

Special procedures will be described in discussing the 
individual tests. The following procedures were com¬ 
mon to all large specimens: 

Gage points were center-punched into the specimens 
at various locations along the length, and many length, 
width and thickness readings were taken before the speci¬ 
men was tested. 

The Pneumercator gages for indicating pressure were 
calibrated with a dead weight gage tester immediately 
before or after the completion of each set of tests. All 


data in the tables of this report show loads and stresses 
after gage corrections have been made. 

A record of the total movement of the head of the 
testing machine was obtained throughout each test by 
marking the movements of the pointer for each signi¬ 
ficant load on a sheet of paper as can be seen in Fig. 1. 
These data enable what we have called a “load-head- 
movement” curve to be plotted. This resembles a con¬ 
ventional load-extension curve except that it contains a 
certain amount of strain error in that the head movement 
includes some slight movement of the end links and pos¬ 
sibly some crushing of the pin connections. 

The yield-point load could be detected readily by the 
movement of the pointer. However, the cracking of mill 
scale from the specimen also proved to be an interesting 
indicator. It was found that the use of brilliant photo¬ 
graphic floodlights enable the smallest particles of falling 
mill scale to be detected. 

As soon as practicable after failure of the specimens, 
the clean fractures were photographed. Those specimens 
which had been immersed in brine had to be photographed 
rapidly before appreciable rusting occurred. 

The lengths between gage points and fractures were 
measured so that the actual elongation measurements 
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Fig. 2—General Viewa of Angle Test Specimene 

aftei; fracttire could be obtained. Final measurements 
of width and thickness were made at the fracture and also 
at the same points at which the original readings had 
been taken. The fracture measurements were used in 
the determination of the reduction of area at the fracture. 
The average reduction of area over the entire reduced 
section (including the fracture) was calculated from all 
thickness and width readings. 

Several hours were necessary to bring the specimen 
down to the predetermined low temperature, but once 
that temperature had been attained, it was easily main¬ 
tained due to the large volume of liquid involved. As a 
matter of general interest it should be noted that in one 
case we were able to attain a temperature of 6° F. with 
salt and ice in the metal container. The temperatmes 
were measured by means of mercury and dial ther¬ 
mometers. 

Throughout the entire paper it must be carefully 
borne in mind that the words “yield p>oint,” when used 


in connection with small coupons which have been de¬ 
signed to give practically uniform stress over the entire 
cross-sectional area, may be considered, as a result of 
extensive standardization over many years, as representa¬ 
tive of that property of the material. On ^e other 
hand, when the words “yield point” are used in con¬ 
nection with the large specimens which contain weld 
metal and heat-aifected zones of different properties 
from that of the virgin base metal and are in some cases 
designed deliberately to give nonimiform stress distribu¬ 
tion, the term “yield point” means that average stress 
(load -r original section area) at which a marked de¬ 
formation of the large specimen occurred and signifies 
merely a nominal yield point. 

The same reasoning applies to the strength of the ma¬ 
terial. The total load at which the large specimens failed 
divided by the original cross-sectional area gives an 
average value which is really only a nominal ultimate 
tensile strength, though after deformation the stress is 
probably nearly uniform. 

In the case of elongation, the values obtained over 
many years from the small specimens have been con¬ 
sidered representative of the property of ductility. In 
the case of the large specimens, the elongations obtained 
are merely the elongation of the unusual-shaped large 
specimens containing a nonuniform stress distribution. 
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Fig. 3—Assembly of Longitudinally Welded Heavy Steel Ship 
Plate Corner Joint Specimens with Special End Connections 


Table 1.—List of Angle Type Specimens 
Welding conditions 


Reduced 


,- 



Temperature 


section 



Restraint 

Post 

of 

Mark 

length, 

Type of 


during 

heat 

test. 

(1 each 

in. 

specimen 

Process 

welding 

treatment 

deg F 

required) 

72 

Welded long. 

Unionmelt one 

None 

None® 

62 

203A 


comer joint 

side. Manual 


Normalized'’ 

65 

203B 


metal-arc one 


None 

55 

203C 



side 


None 

65 

203D 





None 

20 

203E 

_46 



That in ship 

None 

20 

203B1 


* Cold straightened after welding. 

^ Straightened and normalized (1610 degrees P, IH hours cooled in air). 


TESTS OF HEAVY WELDED PLATES 


194S 


Digitized by LnOOQle 


19S-8 















Testing the Comer Type of Gunwale Construction 

General Description of Specimens 

A general view of the original specimens is shown in 
Fig. 2. The specimen itself was made of lV 4 -in. thick 
plate having the identical comer construction that is used 
on certain Great Lakes ore carriers. It will be seen that 
the angle-shaped specimen simulating the junction of 
the deck stringer and sheer strake is attached directly 
to S-in blocks which are in turn joined to large eye¬ 
shaped end connections. The specimen is so located on 
the blocks that the center of gravity of the specimen is 
coincident with the center line of the eyes so that no ec¬ 
centricity of loading is introduced. No machining of 
this assembly for a reduced parallel section was possible 
without introducing eccentricity. 

It was thought ^at with large well-faired, complete- 
penetration wdds connecting the I'A-in. thick plate to 
the 8-in. end blocks the full strength of the specimen 
could be developed. It was found, however, that the 
concentrations of stress at the end welds were so great 
that failure occurred in the base metal at the toe of the 
welds. In Fig. 7 can be seen the effect of the restraint 
exercised by the large end welds on the reduction in 
width and thickness. Accordingly it was necessary to 
provide transition pieces which would enable the change 


from the V/a-xh. thick plate to the 8-in. block to be made 
in two steps to lessen the stress concentrations. This 
was accomplished through the agency of 2-in. thick angle- 
shaped sections. These are shown in Fig. 3. They can 
also be seen in the lower view in Fig. 6. 

The foregoing experience indicates the undesirability 
of connecting plates to thick sections even by well- 
faired complete-penetration welds. 

The list of specimens tested is shown in Table 1. This 
table also includes the specimen cut from an actual ore 
carrier. The testing of the latter will be discussed in 
detail later. 

Material 

In Table 2 are given details of the analytical data and 
tensile tests of the steel used for this series of experi¬ 
ments. Both the standard flat plate specimens required 
by the American Bureau of Shipping and standard 
A.S.T.M. 0.505-in. round specimens were used in de¬ 
termining the tensile properties of the material. Plates 
from which Specimens 203D and 203E were made had 
ultimate tensile strengths slightly below the 58,000 psi. 
value of the American Bureau of Shipping; all other 
material complied with the requirements of the Bureau. 
The chemical analyses given are quite usual for this class 
of material. 


Table 2.—Properties of Plate Material Used 


Analysis 

Ladle 

Check 

Ladle 

Check 

Ladle 

Check 

Carbon. 

0.24 

0.26 

0.24 

0.26 

0.24 

0.22 

Manganese. 

0.41 

0.53 

0.41 

0.43 

0.41 

0.37 

Phosphorus. 

0.021 

0.023 

0.021 

0.024 

0.016 

0.016 

Sulphur. . 

0.030 

0.034 

0.035 

0.034 

0.032 

0.024 

Silicon. 


0.028 


0.020 

0.04 

0.032 

Copper. 


0.01 


0.02 


0.02 

Nickel. 


0.03 


0.06 


0.03 

Chromium. 


0.02 


0.04 


0.01 

Molybdenum. 


0.00 


0.00 


0.00 


Tensile data 


Individual specimen results 


Type of specimen 

Yield point, psi 

Ultimate strength, psi 

Elongation in 2 inches, per cent 

Elongation in 8 inches, per cent 

Proportional limit, psi 
Reduction in area, per cent 

Fracture 

Used for specimen marked 


Standard 

Standard 

Standard plate 

Standard 

Standard 

0.505 in. 

plate 


0.505 in. 

plate 

diameter 



diameter 


30,950 



32,960 

29,410 

30,950 

35,300 

36,400 

27,960 

30,490 

32,450 



29,460 


66,900 



57,920 

58,280 

66,650 

62,730 

68,540 

57.420 

57,120 

66,650 



57,420 


32.0 



35.0 


32.5 



35.0 

.. 

32.5 



35.0 





. 

33.7 


26.5 

21.5 


34.7 

30.'^3 



28,’^ 


54.7 



58.6 

53.6 

53.3 

48.1 

39.6 

58.6 

53.7 

53.3 



59.9 


M cup 



% cup 

Angular 

M cup 



H cup 

Angular 

H cup 



Cup 


203A, 203B 

Deck stringer 

203D and 203E 

and sheer 

of 203C 



strake of 203C 





Charpy impact (key- 

Temperature of test, deg F. i 

-f70 

+20 

-20 

+70 

+20 

-20 

+70 

+20 

-20 

hole-notch parallel 

Individual values 

20.5 

5.0 ! 

1.0 

20.0 

6.0 

1.5 

24.0 

5.0 

3.0 

to plate surface) 


19.0 

3.5 

1.0 

23.0 

5.0 

2.5 

39.0 

20.0 

1.0 




2.0 

1.5 

20.5 

. 

1.5 

23.0 

23.0 

15 









31.0 




Average value 

19.8 

3.5 

1.2 

21.2 

5.5 

1.8 

29.2 i 

IG.O 
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Table 3.—Details of Fabrication and Welding 


Specimen mark 
Details of fabrication 
before welding 


Details of Angle Test Specimens 
203A-203B-203C 

Flame cut, flattened, and machined 


Details of Making Longitudinal Welds 

Electrode data 


203D-203E 
Flame cut, flattened, 
machined, and reflattened 




Bead No. 



Arc- 

Current, 

Mark 

Process 

(see Fig. 3) 

Brand 

Size, in. 

volts 

amps 



1 

Fleetweld 5 

^6 

30 

210 

203A 

Manual shielded metal- 

2 

Fleetweld 6 

He 

30 

210 

203B 

arc 

3 

Wilson 98 

H 

26 

120 

203C 


4 

Fleetweld 5 


32 

300 


Unionmelt 

5 

Oxweld 36 

He 

37 

1400* 



1 

Fleetweld 6 

He 

30 

210 

203D 

Manual shielded metal- 

2 

Fleetweld 6 

He 

30 

210 

203E 

arc 

3 

Fleetweld 5 

H 

26 

120 



4 

Fleetweld 9 


32 

300 


Unionmelt 

5 

Oxweld 36 

He 

37 

1400* 


203A 

203B 

203C 

203D 


203E 

Treatment after 

welding Cold 

Cold 

None 

None 


None 


longitudinal joint 
Type of end connection 


straightened 

1 in. X 2-in. 
fillets direct to 
eye-blocks. 
Ends not ground 


straightened and 
normalized* 

1 in. X 2 in. 
fillets direct to 
eye>blocks. 
Ends ground 
smooth 


Vt in. X 1-in. 
fillets direct to 
eye-blocks. 
En(k not ground 


Faired welds to special 12 in. long 
2 in. X 2 in. X 10-in. angle ends 
to minimize stress concentrations 


* 1010 dez F, IH hours air cooled. 

* Speed ~ 0 inches per minute. Grind of melt ~ 20-200. 


In the lower part of the table will be seen the Charpy 
notched-bar impact values for the different plates. The 
tests in this case were made with the notch parallel to 
the plate surface. It will be noted that these values at 
-1-20® F. are low and at —20® are lower. This is char¬ 
acteristic of thick mild steel plate as has been pointed out 
by various experimenters*”* over the past 10 yr., and 
similar values will be seen on other plates throughout the 
paper. It should be noted that the notch-bar test is not 
a specification requirement for ship steel, and that struc¬ 
tural steel is not sold on that basis. 

Accurate proportional limit tests were made on the 
0.505-in. specimens and it will be seen that the propor¬ 
tional limit when properly made approximates the yield- 
point fairly closely in this steel. It should be pointed out 
also .that proportional limit tests should not be made on 
flat bar specimens because of the danger of eccentric 
loading and bending influencing the residt. 

Fabrication of Specimens 

The design of the welded joint shown in Fig. 3 is exactly 
that used in the construction of certain Great Lakes ore 
carriers. The details of the fabrication before welding 
are given ip Table 3. All edges Were machined. 

The details of the welding shown in Table 3 were also 
practically the same as those used on the ship, except 
that the interior manual fillets were made downhand on 
the specimen whereas they were made overhead on the 
ship. 

The treatment after welding of the individual speci¬ 
mens is also shown in Table 3. The first specimen made 
was 203C. This bowed, due to the welding on the corner, 
more than ®/i« in. in 72 in. The distortion can just barely 
be seen in Fig. 4. The bowing of this specimen gives an- 
indication of the shrinkage stresses tending to bow the 
plating in the ship, but prevented from doing so by the 
restraint of the large surrounding structure. 

As a result of this experience, the next Specimen 
203B was cold straightened and then normalized to re¬ 


move the effects of the cold working. This treatment 
also removed all heat effects of the welding. Of course, 
normalizing cannot be applied to a ship, but it was de¬ 
sired to see just what effect this treatment would have. 



Fig. 4—Specimen in Testing Machine 
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specimen 203A was cold straightened without subse¬ 
quent heat treatment. The remaining specimens were 
tested as-welded. 

All were X-rayed before testing. A typical radio¬ 
graph is shown in Fig. 5. Isolated blowholes occurred in 
the specimen as can also be seen in Fig. 11. These 
blowholes also existed in the ships at intervals of every 
foot or so throughout the entire length of the ship. It is 
believed that these holes are the result of the gas en¬ 
trapped in the incompletely penetrated root of the weld 
and are due to that design of joint. 

The chemical analyses of the one plate, the wire and 
the resulting weld were as follows: 


Element 

Plate 

Wire 

Weld 

Carbon 

0.26 

0.18 

0.12 

Manganese 

0.53 

1.88 

0.57 

Phosphorus 

0.023 

0.023 

0.028 

Sulphur 

0.034 

0.033 

0.038 

Silicon 

0.028 

0.036 

0.32 

Copper 

O.OI 

0.11 

0.08 

Nickel 

0.03 

0.03 

0.04 

Chromium 

0.02 

0.00 

0.02 

Molybdenum 

0.00 

0.01 

0.00 

Vanadium 

0.00 

0.00 

0.01 

Titanium 






Fig. 5—X-ray and Photomacrograph Through Blowhole in 
Unionmelt Weld 


The similarity except for carbon and silicon of the 
weld metal and the base metal is noteworthy. 

The construction of the flanged type expansion joints 
is shown in Fig. 6. After the testing was completed, 
the simplest way to remove the tank was to pull it apart 
as illustrated in the lower view. 

Results 

The results of the tests are given in Table 4. Each 
specimen will be discussed in detail. 

The terra longitudinal efficiency used herein may be 
defined as follows: Longitudinal efficiency is the ratio of 
the longitudinal strength of the large welded or un¬ 
welded specimens to the strength of srhall standard plate 
coupons used in the normal testing of materials. 

(a) Specimen 203C .—This was the first one tested. 
Cracking of the scale on the Unionmelt weld was noted 
at a fairly low stress. The yield point, as determined 



Fig. 6—Method of Making Lowered Temperature Tests 
(Specimen 203E) 


by the shimmering of the flaking mill scale, under the 
lights, was slightly lower than that of the coupon. 

Due to the failure at the toes of the end fillets where 
nonuniform stress existed, the full potential strength and 
elongation of the specimen were not developed. 



— CHALK LlNtS POINT TO 
INCIPIENT CAACK* IN r,a.CT WELC« 


JNSlOe VIEW 


•CMALA LINES POINT TO INCIPIENT CRACKS IN IINIOKAIL-’ 


PDACTURC 


_ OUTER Mn>-LeNCTH 

Views AfTER FAILURE AT USAD Of” 


INCIPIENT CRACK AT 
PONT Of WCLO SPLATTER, 


■VISIBLE RCOUCTTON IN T., 


UNfRACTURED END eCTORE fAILURCAT lOAO Of (46^000LA O 


Fig. 7—Details of Failure of Specimen 203A (Straightened 
After Welding and Tested Without Heat Treatment) 
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Table 4.—Summary of Test Results 



APPEARANCE OF 
SPECIMENS AFTER 
COMPLETION OF TEST 


SPECIMEN MARK 


TEMPERATURE OP TESTING (*?) 


MAXIMUM WARPING AT 

START OF TESTING (INCHES) I 0OvV IN HEEL 


TREATMENT AFTER WELDING 


TYPE OF END CONNECTION 


OBSERVED CRACKING OF SCALE 
ON UNIONMELT WELD 


GENERAL CRACKING OF MILL SCALE 
ON LEGS OF ANGLES (YIELD POINT) 


MAXIMUM LOAD 


BETWEEN GAGE POINTS 


PERCENT OF TOE-TO-TOE LENGTH 




TOTAL 

ELONGATION 


592.000 


25.060 


733.000 


31,030 


1,490.000 


63.060 


9.640* 


14 13 


592.000 


25,250 


626.000 


35.320 


1,490.000 


63,560 


14.144” 


20.64 


AVERAGE REDUCTION 
IN THICKNESS 


REDUCTION IN WIDTH 
OF SHEERSTRAKE 


REDUCTION IN WIDTH 
OF DECK STRINGER 




AT FRACTURE 


AT FRACTURE 


AVERAGE 




.083" = 6.56%! .lie* s 9.39% 


5/6*xr 
FILLETS 
NOT GROUND 


477,000 


20.400 


606,000 


34.470 


1,360000 


59,020 


5.966* 


6.45 


.050* s 3.95% 


BUTT WELDS BUTT WELDS 
TO SPECIAL TO SPECIAL 


12* LONG X 
2^X2"XI0* 
ANCLE 


12* LONG X 
ANGLE 



I.36&000 


56,670 


2.252* 


17.24 


6001,000 


33,855 


1,431,000 


60,560 


15.900* 


22.50 


.064* s 6.65% .116* «9.34% 


-036* s 3.01% 

.226* 


.200* s 15.64% 

.161* e|2.74% 

.7 1 7" 7,16% 

.9 53" 


.492* s 4.69%| 


.963* s 9.61 % 


.147" s l.47%l.673* = 




REDUCTION IN AREA 


LONGITUDINAL EFFICIENCY 


0707 X BOW AT HEEL 

BASED UPON *AS ROLLED* STRENGTH 

FROM LOAD(HEAO-MOVEMENT)CURVC ■ 



AT FRACTURE 


PERCENT 


.165* s 1.64% 


.466* s 4.9 IH 


.145“ 


.0660*= 6.64% 


.4e9(i"s 2.09% 


94.1 


1.200* s 11.96 */6 


.703* « 7.06% .939* » 9.45% 


1.255* a|2.64% 


.273o*:t6.06 % 
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(b) Specimen 203A .—In this specimen the end fillets 
were greatly increased in width and length in an endeavor 
to force failure into the center of the specimen. These 
efforts were not successful, and show the difficulty of de¬ 
veloping the full potential strength of a fillet welded 
joint even with a moderately abrupt change of section. 
Better results were obtained, however, from the larger 
fillets. A lower apparent 3 deld point was found for 
the specimen than for its coupon. The ultimate strength 
and longitudinal efficiency were good despite the fact 
that failure occurred tit the end and not in the center por¬ 
tion where thinning had been occurring. 

This thinning and narrowing can be seen in Fig. 7 
and is also shown in the reduction of area values in Table 
4. An average reduction of 13.10% had obtained over 
the center portion when failure occurred at an end with 
little local reduction of area. The zone of considerable 
reduction of area was unexpectedly extensive. 


rUlet Welds 


have been very similar to the cooling in air of the origin 
rolled plate. The ultimate strength was also va 
similar to that of the coupon resulting in a longitudin 
efficiency of 101.3%. 

Normalizing enabled the welded joints at the ends 
transmit sufficient tension so that failure of the specimi 
occurred in the parallel length. Some necking occurr 
as can be seen in the table and also in the increase of tl 
reduction of area at the fracture over that obtaining ov 
the center 52 in. Ultimate failure was a sharp squa 
break, after great elongation had occurred. 

{(i) Specimen 203E .—In this specimen a higher a 


Fig. 8—Typical Appearance of Incipient Surface Cracka in 
Face of Unionmelt Weld 


(r) Specimen 203B .—The normalized specimen had 
most of the locked-up stresses produced by the welding 
and cold working removed; however, a certain amount 
of residual stress would exist in the specimen as a result 
of the differential cooling between the heel and the toes, 
as would be the case in any rolled angle of these propor¬ 
tions. In other words, Specimen 20311 was in effect a 
rolled angle with a zone which had the properties of 
weld metal. 

The yield point of the normalized specimen was very 
close to that of the as-rolled coupon. This is not sur¬ 
prising because the cooling in air of the specimen could 


Fig. 10— Appearance and Location of Frector* (a 3D9B (TWta 
at -1-20'' F. A*-Welded Without dtrughMBiagj 
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ig. 11—Appearance and Location of Fracture in Specimen 

W (TmM at +65” F. Aa>Welded Without Straightening) 


wt yield point was secured than was obtained from 
coupon. This is one of the few specimens in the test 
ere such was the case. 

I strength in excess of that of the coupon was ob- 
led resiting in a longitudinal efficiency of more than 


food elongation, about as good as was obtained from 
' long welded or base metal specimen in the entire 
«• was secured. This elongation was distributed 
t the length of the specimen and little necking either 
ridth or thickness ()ccurred. This can be seen by a 
iparison of the reduction of area at the fracture with 
reduction over the center 52 in. where the gage points 
t located. The break was square and sharp and can 
ieen in Fig. 10. If the performance of the specimen 
^ to be judged by the appearance of the fractiue 
je, one might say that the material was brittle, 
was it erhibited great elongation. 

^ fracture can also be seen in the lower view of Fig. 
iThis view shows the expansion tank after having 
1 pulled apart. 

bs fracture (which occurred after 22.5% over-all 
ration!) is of the same square type that is found on 
Ued ships. In Fig. 10 can also be seen “chevrons” 
pows’’ pointing to the origin of the fracture in the 
K'\ zone. They are not as clear in this view as they 
Wy are at times; however, other views of them will 
tti in the other fracture pictures herein. So far as 
Titer’s experience is concerned, they seem to be an 
We indicator of firigin of failtue in the case of 
t fractures. In the 45° shear failures, they gen- 
’ do not appear. 

Specimen 203D. -Good strength and longitudinal 
ncy were obtained. 

t reason why less elongation was developed by 
pwn 203D tested at 65° F. than by Specimen 203E 
^20° F. is shown in Fig. 11. Failure occiured 
igh the blowhole. It is interesting to note, how¬ 


ever, that this failure did not occur until the steel had 
developed its full strength as indicated by the longi¬ 
tudinal efficiency and had exhibited a degree of elonga¬ 
tion far more than could ever be endiued by an actual 
ship. In other words, this test indicates that, so far as 
static loading is concerned, the presence of a neat round 
blowhole ne^ not be cause for alarm. 

Failure started by a tear appearing at the blowhole 
and progressing across the specimen and resulted in a 
45° shear failiue over most of the section. In the small 
area of the square granular fracture, the chevron pattern 
can be clearly seen indicating the origin of failiue. 

(/) Angle Specimens in General .—In Fig. 7 it will be 
seen that cracks occiured in both the Unionmelt weld 
and in the hand weld at various points throughout the 
length of the sp)ecimen. These points are indicated by 
chalk marks. The appearance of these incipient cracks 
is shown magnified in Figs. 8 and 9. It is interesting to 
note that the hand weld, while very rough in appearance 
when compared to the Unionmelt weld, seemed through¬ 
out these tests to be but little more likely to initiate ul¬ 
timate failure of the specimen in static tension than the 
Unionmelt weld. The cracks in the weld metal usually 
became apparent only at an elongation exceeding 10%. 

These cracks are due to the fact that the ductility of 
the weld metal (see Fig. 13) is not as great as that of the 
surrounding base raet^, and the weld metal, in order to 
accommodate itself to the greater elongation of the base 
metal, cracks at intervals. These cracks, of course, 
occur at elongations far greater than can ever be utilized 
in ship structiues. 

It will be seen in Fig. 7 that a small weld splatter on the 
comer contained several small cracks. More discussion 
of weld splatter and its effects will be given later. 

In Fig. 12 is shown a typical load head-movement 
curve. It will be noted that this curve is very similar in 
appearance to that of a load-extension curve obtained 
from sensitive strain gage measurements of a small 
specimen. A pronounced yield point was obtained. It 
will be remembered that Specimen 203E elongated uni¬ 
formly over its entire length and failed with a sharp square 
break. This is reflected in this curve by the absence of 
any marked falling off of the load, an accompaniment 
of local reduction or necking. 

Supplementary Small Tests 

In order to determine the standard tensile properties 
of the weld metal and the heat-affected zones in the base 



54 ^ » 1 t 9 to i\ 

«f H*od In 


Note; Specimen tested while immersed in brine and therefore no direct 
strain measurements possible. 

Fig. 12—Load-fHead-Movement) Curve for Specimen 203E (Teeled 
at +20° F. Without Straightening or Heat Treatment But with 
Special End ConnectionB) 
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metal, many standard 0.505-in. test specimens were 
taken across the welded joint as shown in Fig. 13. The 
results of these tests are shown therein. 

It will be seen that the tensile properties of the weld 
metal and the heat-affected zones are very similar; 
both have higher ultimate strength, yield point and pro¬ 
portional limit values than the base metal. As would be 
expected, the elongations and reductions of area are 


somewhat less than the base metal, but the abscdute re¬ 
sults are very good. The elongation of location 9 is un- I 
doubted ly not representative due to flaws at the root of | 
the weld. These values corroborate the inferences from 
the tests in the big specimens; namely, that the welded 
joint in the large specimens has slightly less capacity for 
elongation than that of the unwelded base metal. 

In order to shed some light on the effect of notches on 





ANGU LAR 

ANGULAR 


42000 


UZ CUP 


IRREGULAR 


ELONG. 
IN 2" 

REDUCTION 
IN AREA 
(PERCENT') 

26.7 

39-6 


48.2 

30.8 

60 0 


5 1-3 

30.5 

55.7 

3 1-5 

55.4 

31.3 

5A.2 

3 2.7 

54,5 

22.8 

33.3 

3 1.0 

5 1.9 


Fig. 13—Results of Tensile Tests on 0.505-In. Specimens 
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the particular steel used in this test, the notched speci¬ 
mens shown in Fig. 14 were made. The radius of the 
notch was about 0.0017 in. The great increase in yield 
point and ultimate strength as a result of the notching is 
interesting. This shows the increase in load that may 
be sustained by this mild steel when a triaxial stress con¬ 
dition obtains. The inherent ductility, although pos¬ 
sibly great, could not provide an elongation sufficient to 
be measured by ordinary means in this specimen of so 
short an effective gage length. These figures should be 
borne in mind when considering the results of the short 
flat specimens described later. 


Testing Specimen Cut irom Actual Great Lakes 
Ore Carrier 

General Description of Specimen 

In Fig. 15 is shown the actual section of the ship as 
received from the shipbuilder. In view of transverse 
frame welding, and pieces cut out for test specimens on 
the ship, it was possible to secure a parallel length of only 
46 in. for testing. This, however, was adequate for our 
purposes. 



STANDARD 0.505“SPECIMENS 
(SILKY 1/2 CUP FRACTURES) 


ft XI.33 

SPECIAL 60°V-NOTCH SPECIMENS 
(GRANULAR FRACTURES) 


AVERAGE VALUES 


YIELD POINT 64,700 PSI 

ULTIMATE STRENGTH 85.750 PSI 


AVERAGE VALUES 


YIELD POINT 
ULTIMATE STRENGTH 
ELONGATION IN Z" 
REDUCTION IN AREA 


32,450 PSI 
66,733 PSI 
32.7 Vo 
54.5 Vo 


X0.67 


X0.67 


Fig. 14—Tensile Specimens irom Unaffected As-Rolled Plate Used in Welded Angle Tests Numbers 203 A, 

BandC 
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Tablb 5.—Properties op Material Tested (as Taken from Ship after Failure) 

Check Analysis 


Deck stringer Sheer strake 


Uniooindt 

weldioetal 


Carbon. 

Manganese... 
Phosphorus.. 

Sulphur. 

Silicon. 

Copper. 

Ni^el. 

Chromium... 
Molybdenum. 


0.22 

0.33 

0.017 

0.036 

0.06 

0.02 

0.02 

0.02 


Tensile Data 


0.20 

0.42 

0.021 

0.038 

0.05 

0.03 

0.04 

0.04 

0.01 



Charpy Impact (Keyhole-Notch Parallel to Plate Surface) 


Stand&rd 
0.505 in, 
diameter* 

41,000 

41,945 

65,030 

21.2 

32!4 

Angular 



Average of 2 specimens. 


Material 

Tests on the material from the actual ship gave the 
results as shown in Table 5. It will be seen that these 
mechanical properties of the steel are very similar to 
those described previously. It will also be noted that 
the notched-bar impact v^ues at —20° F. are low. The 
strength and yield point of the weld metal are about the 
same as those in the previous tests but the elongation is 
considerably less. This was undoubtedly due to the 
fact that the welds in the actual ship were not as well 
made as those in our large test specimens for the very 
good reason that the welds in the ship were made in the 
overhead position whereas the welds in the shop were 
made downhand. However, an absolute value of 21% 
is good. 

Fabrication of Specimen 

Due to a mistake in the shop, the weld was machined 
flush as shown in Fig. 16, so that the original Unionmelt 
welded surface and top of the sheer strake as it existed 
in the ship was not tested. This planing revealed the 
blov/holes at intervals in the weld. 

Results 

The results of the test are shown in Table 6. It will 
be seen by comparison with Table 5 that the yield point 
was somewhat higher than the yield point obtained from 
the coupons and the average ultimate stress was somewhat 
low. The elongation and reduction of area obtained were 
also low. The lesser strength and ductility could readily 
have resulted from flaws to be described later. The load- 
head-raoveraent curve is shown in Fig. 17. The yield point 
was not as pronounced as it has been in some cases and it 
is possible that inability to locate that point exactly 
may account for the high value. 


The actual fracture is shown in Fig. IS. Failure did 
not occur through a blowhole, but started in a transversr 
hand weld which was apparently made for the purpose of 
attaching something to the deck stringer in the course 
of the building of the ship. It will be seen that a frag¬ 
ment fell out of the sheer strake, probably as a result of 
secondary cracking starting from the weld globules 


Table 6.—Rbsxjlts op I^sts on Spbcimbn Cut pwm 
Actual Grbat Lakbs Orb Carribr 

Specimen mark 203B1 

Temperature of testing, deg F 20® 


Type of end connection 


Yield point from 
head movement 
curve 

Maximum load 


Elongation in 46 f inches 
uu^es \per cent 

Average reduction fat gage points 
in thickness *\at fracture 

Reduction in at gage points 
width of sheer- at ^acture 
strake 

Reduction in atgagepoints 
width of deck - at fracture 
stringer 

Reduction in area fat gage points 
\at fracture 

Longitudinal efficiency, per cent 


at fracture 


at gage points 
at fracture 


203B1 

20 ® 

Faired but welds to 
special 12 inches lonl 
by 2 inch by2 inch ^ 
10 inch angl ground 
flush 
878,00 
38,000 


1,386,000 

69,200 

2.69 

6.84 

a. - 3.1% 
1. 3.58% 

1. - 2.25% 
i. - 3.75% 


0.037 in. 
0.044 in. 
0.225 in. 
0.376 in. 


0.186 in. - 2.12% 
0.261 in. - 2.98% 

1.187 sq in. - 

1.6&7 sqin. - S.927C 

97.7 
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•SPECIMEN LX? 
LIMITED BT ra 
OF THIS WELD 


-ORIGINAL 

FRACTURE 


ORIGINAL 


SHEER STRAKC 


VERTED OUTBOARP VIEW OF SHEER STRAKE 


SPECIMEN LENGTH 
LIMITED BY PRESENCE 
OF THIS TRANSVERSE 
GROOVE CUT IN OeCR" 


GUNWALE BAR HAD 
BEEN REMOVED BT 
FLAME CUTTING 


UNIONMCLI WELD 


1*-ORIGINAL 
FRACTURE 
ON SHIP 


SHCCR 

STRAKE- 


TOP SURFACE VIEW OF DECK 

Fig. IS—Location ol Tatt SpBcimoa Cut tiom Section Failad Lake Ore Carrier 


-TEST SPECIMEN 


DECK STRINGER 


ON SHIP 


SHEER STRAKC 


INBOARD VIEW 


FRACTURE 


ON SHIP 


TEST SPECIMEN 


tOCATiO*. “ MAMMl. WCLD SHOVS M r« « 

DECK STRINGER 




la general, however, it should 
be noted that the strength and 
longitudinal efficiency of the ship 
specimen was fairly high even in 
spite of the harm which had been 
done to it. 

In Fig. 20 is shown a portion of 
the actual ship fracture after the 
rust had been cleaned off. The 
chevron patterns indicating the 
path of the failure are clearly 
visible. They definitely point to 
the deck inboard. 

Further tests were conducted on 
this specimen to determine the 
properties of the steel under vari¬ 
ous conditions of straining. Some 
of the 0.505-in. specimens were 
normalized to remove all effects of 
cold working to place the steel as 
nearly as possible in its “as-furn- 
ished” condition. Others were 
tested as removed from the ship^ 
after having endured the construc¬ 
tion of the ship and its failure. 
Still others were tested after hav¬ 
ing been removed from the big 
specimen which we had tested to 
destruction. These results are 
shown in Table 7. It will be 
seen that even after having been 
tested to destruction in the large 
specimen, considerable elongation 
was yet possible from the mate¬ 
rial. The increase in hardness after 
the various tests is interesting. 
The Firth hardness listed is practic¬ 
ally identical with Vickers Brinell. 

Testing Tee Type of Gunwale 
Cons^ction 

General Description of Specimens 

The general view of the speci¬ 
mens is shown in Fig. 21. They 


shown at A and B. The chevron patterns in the fracture 
indicate that failure started in the deck stringer and pro¬ 
gressed into the sheer strake. 

The hardness study in Fig. 19 is most significant. 
When a single bead is deposited on Vi-in. mild steel 
plate, an increase in hardness from about 125 Vickers 
Brinell to about 165 results. For thicker plate the 
quench rate is more rapid and somewhat greater hardness 
will obtain. Under weld globule B, the hardness survey 
indicates that a maximum hardness of 371 obtained. 
The chevron patterns in the fragment indicated that 
that portion of the fracture originated at weld globule B, 
probably slightly after fracture had started in the deck 
stringer. This great hardness in mild steel results 
from the drastic quenching that followed an almost 
instantaneous application and removal of intense heat. 
This very severe heat cycle obtains in weld splatter, arc 
strikes and small tack welds. • 

The testing of the specimen from the actual ship shows 
that, even though the weld contained blowholes, the 
harm done by ill-made attachment welds and weld splatter 
was greater than that of the blowholes. It is believed 
that all welding operators should be instructed to strike 
their arcs immediately in the path of the weld that is to 
be deposited rather than dragging their electrodes across 
the plate and into the joint to be welded. 
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Movem«n+ of Head In Inches 

Fio. 17—^Load-(Head*MovemeDt) Curve for Specimen 203B1 
(Teeted at +20^ F.) 

had practically the exact sheer-strake and deck-stringer 
construction ^at obtains on certain existing oil tankers, 
except that on the tankers the deck stringer was l^/» 
thick and in the specimen both the sheer str^e and deck 
stringer were 1 ‘A inches thick. 

On some of the specimens a small Vs-inch plate was 
attached to the sheer-strake portion of the specimen in 
almost exactly the same manner as the fashion plate w^ 
welded to the sheer strake on the ship. The ends of the 
specimens were attached to 8-in. thick blocks as previously 
described and the center of gravity of the specimen co¬ 
incided with the "center of pull.” In the case of the tee 
shaped specimens, it was possible to machine down the 
plates to a parallel middle section and not create an ec¬ 
centric loading condition. The details of the specimens 
with the attachment simulating the fashion plate at¬ 
tached are shown in Fig. 22. Those without the fashion 
plate are similar. 

A list of the specimens is given in Table 8. 

Material 

In Table 9 are given the complete details of the chemi¬ 
cal analyses and the standard tensile properties of the 
steel used in these tests. Both standard flat plate speci¬ 


mens and standard 0.505-in. round specimens were used. 
All of the steel passed the requirements of the American 
Bureau of Shipping. 

It will be seen again that the notched-bar impact values 
at —20® F. are low. The proportional limit values made 
on the round specimens only are also nearly the same as 
those for the yield point. 

Fabrication of Specimens 

All plate edges of the specimens were machined to size 
after flattening and before welding. 

The precise welding details used on the oil tankers 
were not known, but the conditions shown in Table 10 
were established by experiment such that they produced a 
weld approximating in contour that shown in macro- 
photographs of the welds on a tanker. The hand weld¬ 
ing was done downhand but the automatic Unionmelt 
welding was done with the deck in the horizontal posi¬ 
tion as was the case in the ships. The degree of suc¬ 
cess which was attained in attempting to copy the ship 
welds can be seen in Fig. 23. 

It will be noted that longitudinal cracks existed 
throughout the length of the specimen. The welds were 
ill-formed on the surface as can be seen in Fig. 24 and in 
some cases it was necessary to deposit hand weld beads 
on top of the Unionmelt to fill up the groove as has been 
done on the ships. It is believed that this type of joint 
with the deck plate in the horizontal position should not 
be Unionmelt welded on shipboard; otherwise ill-shaped 
and cracked welds will be obtained as sffown here. 


TaBLB 7.—SUICMARY OP DATA FOR DbCK StRINGBR StBBL 
Tested in Four Conditions of Straining 

As 

removed 
As from 
removed tested 
from 0.605-inch 
tested diameter 
As angle specimen 
removed specimen which was 
from ship which was cut from 
after its taken from tested 



Normal¬ 

failure 

ship after 

angle 


ized 

(strained its failure specimen 


(un¬ 

very 

(double 

(triple 

Condition 

strained) 

slightly) 

strained) 

strained) 

Yield point, psi 

40,690 

33,950 

62,035 


Ultimate strength, 
psi 

64,910 

63,400 

72,275 


Elongation in 2 
inches, per cent 

33.0 

32.8 

22.3 


Reduction in area, 
per cent 

58.6 

54.6 

65.5 


Fracture 

H cup 

^ cup 

J^cup 


Firth hardness 

133 

126 

156 

186 


Notb: "As furnished" data not available due to inability to 
identify heat and slab numbers. 


Table 8.—List of Tee-Type Specimens 

Welding conditions 



Reduced 





Tempera- 



section 



Restraint 

Post 

ture of 

Mark 


length. 

Type of 


during 

heat 

test, 

(1 each 

Trans, center section 

in. 

specimen 

Process 

welding 

treatment 

deg F 

required) 

Without fashion plate 

72 

Welded long 

Unionmelt one side. 

None 

None 

85 

203H 




Manual metal-arc one 



16 

203J 

With fashion plate 

72 

tee joint 

side 

None 

None 

85 

203K 







9 

203L1 







20 

203L2 

206-8 
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All specimens were X-rayed before testing. The 
tachographs showed the cracks but were not satisfac¬ 
tory. 

The chemical analyses of the plate, the welding wire 


and the weld metal were as shown in table on next page. 

Except for higher manganese and silicon content, the 
composition of the weld metal is very similar to that of 
the base metal. 
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Fig. 19—Haidnttsa Survey AcroM Weld Metal Globule "B" 


Element 

Plate 

Wire 

Weld 

Carbon 

. 0.23 

0.14 

0.21 

Manganese 

0.47 

1.91 

0.78 

Phoephoms 

0.030 

0.020 

0.023 

Sulphur 

0.038 

0.029 

0.025 

Silicon 

0.048 

0.06 

0.15 

Copper 

0.03 

0.02 

0.00 

Nickel 

0.04 

0.02 

0.03 

Chromium 

0.02 

0.02 

0.00 

Molybdenum 

0.00 

0.03 

0.02 



WITH FASHION ^ATC 

Viewt of Tee Speameni 


without FASMON platc 


Fig. 21—General 


Results • 

The results of the tests are shown in Table 11. 

(c) Specimen 203H .—The yield point computed from 
load at yield and original cross section of the large speci¬ 
men was very close to the values obtained from the 
coupons as shown in Table 9. 

Due in part, it is believed, to the presence of cracks 
and flaws in the weld, the expected ultimate load was 
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Fig. 20—Sogment of Actual Fracture of Great Lakes Ore 
Carrier (View X-X of Fig. 15) 


not sustained. Failure took place before much elonga¬ 
tion had occurred. 

The square fracture shown in Fig. 25 is typical of this 
failure. The chevrons point to the weld as the origin of 
fracture. 

(6) Specimen 203J ..—The yield point obtained from 
this as well as all the other specimens in this series was 
very close to that of the coupons. Elongation was rela¬ 
tively less than that of regular tensile tests. 

The sharp square fracture can be seen in Fig. 25. 

(c) Specimen 203K .—This specimen was fitted with a 
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Table 9.—Properties of Plate Material Used 


Anal 3 rsis 

Carbon. 

Manganese. 

Phosphorus. 

Sulphur. 

Silicon. 

Copper. 

Nickd. 

Chromium. 

Molybdenum.... 

• 

Ladle 

0.24 

0.49 

0.018 

0.037 

Check 

0.23 

0.47 

0.030 

0.038 

0.048 

0.03 

0.04 

0.02 

0.00 

Ladle 

0.19 

0.41 

0.018 

0.039 

Check 

0.22 

0.44 

0.022 

0.045 

0.05 

0.01 

0.04 

0.00 

0.01 

Tensile data 

Individual specimen results 

Type of specimen 


Standard 

Standard 

Standard 

Standard 



0.505 in. 

plate 

0.505 in. 

plate 



diameter 



diameter 


Proportional limit, psi 

27,960 



29,000 




32,450 



30,000 


Yidd point, psi 


28.460 

34,060 

31,450 

34,590 



33,450 

33,700 

31,700 


Ultimate strength, psi 

64,910 

64,840 

66,900 

63,970 



64,670 

64,050 

65,900 


Elongation in 2 inches, per cent 

34 

.0 



30.0 




34.0 



31.5 


Elongation in 8 inches, per cent 


* 

29.0 

* , 

27.5 





33.2 



Reduction in area, per cent 

57.4 

55.2 

53.3 




58.6 

55.8 

52.0 


Fracture 


H cup 

M cup 

H cup 

Angular 



H cup 

Cup 

Hcup 


Charpy impact 

Temperature of test. 

+70 

-20 

+70 

-20 

(keyhole-notch 

deg F 







paralld to plate 

Individual values 

21 

22 

3 

3 

26 

2 

surface) 


24 

23 

2 

3 

25 

2 



23 

23 

9 

3 

22 

2 


Average value 

23 

23 

5 

3 

24 

2 


“fashion plate,” and failure occurred at the toe of the 
weld joining the fashion plate to the sheer strake, The 
load at failure was below that anticipated from the 
strength of the material in the standard tensile tests. 
The elongation was low also. 

The chevron patterns in the fracture clearly indicate 
that failure started at the fillet weld attaching the fashion 
plate to the sheer strake. 

{d) Specimen 203L2 .—On the contrary, this speci¬ 
men, which also had a fashion plate, devdoped a good 
strength and exhibited moderate dongation, and failed 
at a wdd flaw completdy away from the fashion plate. 
The fracture was square with the chevrons pointing to 
the wdd flaw as the origin of fracture. This specimen 
was made to replace specimen 203L1. 

(e) Specimen 203L1 .—This specimen contained a 
large weld void which so weakened the structure that 
failme occurred outside of the reduced section, and, aside 
from the yield point, the structure did not exhibit the 


strength inherent in the material. The fracture was 
square. 

(/) Tee Specimens in General .—The tee joint in these 
spedmens and in the ships should not have been made by 
an automatic process. It is difficult, if not impossible, 
in the required position to make a properly shaped wdd 
free from cracks. The cracks shown in the cross sections 
in Fig. 23 are longitudinal and, if they remained so 
throughout their length, should affect the strength of 
the spedmen as a whole but little. However, there is 
good reason to believe that such cracks do not remain 
longitudinal; that they may have tributaries which 
branch out transversdy. Such transverse tributaries 
constituting exceedingly sharp notches, could have ini¬ 
tiated failure of many of the spedmens in this series. 

One specimen wi^ a fashion plate failed at the point 
of attachment; the companion spedmen did not. It is 
believed that the performance of the latter does not 
justify the attachment of fashion plates or similar parts 



Table 10.- 

—Details of Making Longitudinal Welds 






Electrode data 



Specimen 


Bead No. 



Arc 

Current, 

mark 

Process 

(see Fig. 22) 

Brand 

Size, in. 

volts 

amps. 

203H 

Manual shidded 

1 

Fleetwdd 5 


28 

180 

203J 

metal-arc 

2 

Fleetwdd 5 

He 

80 

210 

203K i 

Unionmdt 

3 

Oxwdd 36 

He 

40 

1950* 

203L1 

Manual shidded 

4 

Fleetwdd 5 


30 

180 

20dL2 

metal-arc 

5 

Fleetwdd 5 

h! 

30 

180 

* Speed « 10 inches per minute. Grind of mrit • 20-D. 

Electrode tilted 30 degrees from vertical. 
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to heavily stressed members, by fillet welds, and that the 
behavior of the former is a better indication of the per¬ 
formance of such designs. It shoiild also be noted that 
during the testing the small fashion plates bowed to a 
great degree. Had the plates been larger, as was the 
case on the ship, such bending would have been prac¬ 
tically impossible and their harmful effect undoubtedly 
would have been greater. It should be further remem¬ 
bered that the stress concentration inherent in this de¬ 
sign feature would have caused worse results in fatigue 
than in static tension. 


Testing Short Flat Plate Specimens 

General Description of Specimens 

A general view of the specimens is shown in Fig. 26. 
In the upper view one is depicted with the brine tank in 
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Fig. 23—Macrographs oi Welded Joint 


place and in the lower view, one for atmospheric tem¬ 
perature testing. It will be seen that the reduced sec¬ 
tion is very short and relatively wide. This was done 
to cause lateral restraint of flow in the material. The 
heavy end connections 4'/2 in. thick were, of course, so 
rigid as to be practically undeformable in the test. The 
original specimens were made in. wide, but it was 
found that failure often occurred at the toes of the fillet 
welds attaching the iVrin. plates to the 4V2-in. thick 
end connections, showing that we had brought about 
such tension concentration that wc could not cause the 
specimen to fail even in the greatly reduced section. 
Accordingly in subsequent specimens the reduced sec¬ 
tion width was made 24 in. It was later found that this 
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Fig. 24—Face oi Unionmelt Weld Before Deposition of Metal- 
Arc Repair Beads ‘ • 


selection of width was a lucky one because almost per¬ 
fect balance was obtained between several possible waj’S 
of failure. 

The details of the specimens are shown in Fig. 27. 




Fig. 25—Fracture of Specimen 2031 (Tested at +16* F.) 
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A general view of a specimen in the brine is shown in Fig. up stress, the short specimens were welded in two ways: 
28- The list of the specimens welded|is given in Table 12. those which are marked as having been welded with no 
In order^to determine the effect of transverse, locked- restraint had the iV^-in- plates welded together when 


Table 11.—Summary of Test Results 


WITHOUT 


WITH FASHION PLATE 


GENERAL CONSTRUCTION DETAILS 


FASHION PLATE 


APPEARANCE OF 
SPECIMENS AFTER 
:OMPLETION OF TEST 


203H 


SPECIMEN MARK 


TEMPERATURE OF TESTING ('F) 


l/4'-LONG. 


MAXIMUM WARPING AT START OF TESTING ONCHES) 


l/8"-TRANS. 


NONE 


NONE 


NONE 


NONE 


NONE 


TREATMENT AFTER WELDING 


663,000 


67^000 


YIELD POINT FROM 
HEAD-MOVEMENT CURVE 


33,400 


GENERAL CRACKING OF MILL SCALE 
(YIELD POINT) 


I,34QPOO 


1,176.000 


MAXIMUM LOAD 


INCHES 


TOTAL Elongation 
BETWEEN CAGE POINTS 


AVERAi 


AVERAGE REDUCTION 
IN THICKNESS 


.070-aS.e3% 


AT FRACTURE 


AVERAGE OF 


CENTER 72' 


REDUCTION IN WIDTH 
OF SHEER STRAKE 


AT FRACTURE 


AVERAGE OF 


REDUCTION IN WIDTH 
OF DECK STRINGER 


AT FRACTURE 


AVERAGE OF 


.SS8o’'s2.93% 


REDUCTION IN AREA 


AT FRACTURE 


LONGITUDINAL EFFICIENCY 


® Not measured. 

(?) Broke outside reduced section at flaw in Unionmelt weld 
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Tablb 12.—List of Short Flat Plate Type Specimens 


Welding conditions 


Reduced 





. Temperature 


section 



Restraint 

Post 

of 

Mark 

length, 

Tstjc of 


during 

heat 

test. 

(1 each 

in. 

specimen 

Process 

welding 

treatment 

deg F 

required) 

6 

Virgin base 

None 


None 

77 

203-3C 


metal 




20 

203-4C 





1150° F* 

68 

203-3A 






20 

203-4A 

6 

Welded long 

Unionmelt one 

None 

None 

75 

203-8 


butt joint 

side. 



18 

203-10 


Manual metal-arc 

Ends rigid 

None 

75 

203-6‘ 



one side 


18 

203-9 





1160° F“ 

85 

203-5 






17 

203-7 


f 7H hourt; furnace cooled. 
* 82 Inebei wide. 



BRtNC TANK 


THREAT 


FOR ROOM TEMPERATURE TESTS 


In Table 13 are given the complete 
chemical analyses and standard tensile 
properties of the steel used in these 
tests both in the as-rolled condition 
and in the stress-relief-annealed con¬ 
dition. It will be seen that this heat 
treatment lowered the ultimate tensile 
strength and )neld point in almost all 
cases by several thousands of pounds 
per square inch. This is generally 
true of stress-relief-annealing. Ductil¬ 
ity was in most cases increased by 
this treatment. The notched-bar 
impact values at —20° F. are uni¬ 
formly low whether in the as-rolled 
condition or stress-relief-annealed. 

Fabrication of Specimens 

The fabrication of the specimens 
was similar to that described pre¬ 
viously. The details of the welding 
are shown in Table 14. The longitu¬ 
dinal welds were made both before and 
after attaching the plates to the end 
connections as described previously. 
A certain amoimt of hand welding 


they were perfectly free to move before attaching them 
to the end connections. Those that were marked to 
have the ends rigid had the two lV 4 -in. plates welded to 
the heavy end connections before the longitudinal weld 
was made. It is doubtful if any more restraint can be 
found any place in ship construction 
than is provided by the heavy end 
connections used in this test. 

It will be seen, therefore, that those 
specimens which by virtue of their 
short length, great width and rigid 
attachment to heavy end connections 
provided a maximum transverse re¬ 
straint of flow, and had their longi¬ 
tudinal joint welded after the end con¬ 
nections were attached, and were 
tested at low temperature, had im¬ 
posed on them about as adverse con¬ 
ditions as we could contrive and yet 
have a specimen that would give 
quantitative values of strength and 
elongation. 

Material 


needed to be done in the root of the longitudinal welds at the 
ends in order to ensure asound Unionmelt weld at that point 

Restdts 

The results of the tests are shown in Table 15. The 
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Fig. 26—General Views of Short-Plate Specimena 
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data from original tests made on the 32-in. wide specimens 
with the exception of 203-6 are not included therein be¬ 
cause failure occtured outside of the reduced section, 
and the properties of the material were not called into 
play. 

(a) Specimen 203-3C .—Specimen 203-3C is the basic 
control specimen of the series; that is, a vir^n plate 
specimen tested without postheat treatment of any 
land. 

The nominal yield point value, as determined by the- 
load head-movement curve and by the cracking of scale, 
was considerably lower than that obtained from the cou¬ 
pons, indicating nonuniform stress distribution. 

The strength developed was about the same as that of 
the coupon resulting in a longitudinal efficiency of about 
100 %. 

The elongation of 26.8% would certainly seem to be 
very good, but it must be borne in mind that this elonga¬ 
tion is not strictly comparable to the standard elongation 
in 8 in. obtained from the coupons. Little observable 
lateral necking occurred as will be seen in Fig. 29 and 
from the comparison in Table 15 between the average re¬ 
duction of area and that at the fracture, but it may be 
reasoned that most of the reduction in such short speci¬ 
mens is local necking. A square fracture was obt^ed 
over most of the area but a small portion at the center 
produced a 45® double shear failure. 


(5) Specimen 203-4C .—Again the apparent yield 
point of the large specimen was lower than that of the 
coupon. The average ultimate strength was somewhat 
greater than that of the coupon resulting in a longi¬ 
tudinal efficiency greater than 100%. This gain is 
probably due to the fact that at the low temperature the 
steel is somewhat stronger. 

Good elongation was obtained, practically equal to 
that of the companion specimen tested at 77® F. The 
degree of lateral necking was small, as can be seen in 
Fig. 29, and as is indicated by the reduction of area 
values. 

Fracture was almost identical with that of the pre¬ 
vious specimen square over most of the area with a small 
section a shear failure at the center where the maximum 
thinning occurred. 

(c) specimen 203-3A .—^This stress-relief-annealed 
specimen exhibited a yield point almost the same as that 
obtained from its coupon. 

The large specimen, however, was considerably 
stronger than its coupon, resulting in a high longitudini 
efficiency. 

The elongation of 36.7% was remarkable. 

The fracture was most interesting, and is shown in 
Fig. 30. It will be seen that shear failure, both single and 
double, occurred over most of the area with only a small 
portion of square fracture. The thinning at the center of 


Tablb 13.—Propbrtibs of Plate Material Used (for Wide Plates with Short Gage Length) 


Analysis 

Carbon. 

Manganese. 

Phosphorus. 

Sulphur. 

Silicon. 

Copper. 

Nickel. 

Chromium. 

Molybdenum. 

Ladle 

0.26 

0.44 

0.019 

0.043 

Check 

0.25 

0.43 

0.019 

0.036 

0.048 

0.00 

0.01 

0.00 

0.00 

Ladle 

0.26 

0.46 

0.016 

0.039 

Check 

0.26 

0.42 

0.020 

0.039 

0.06 

0.00 

0.01 

0.00 

0.00 

Ladle 

0.19 

0.41 

0.018 

0.039 

Check 

0.22 

0.44 

0.022 

0.045 

0.05 

0.01 

0.04 

0.00 

0.01 

Plate condition 




Stress relief 



Stress relief 



Stress relief 



As rolled 

annealed 

As rolled 

annealed 

As rolled 

annealed 

Type of tensile specimen 

Stand- 


Stand- 


Stand- 


Stand- 


Stand- 


Stand- 




ard 


ard 


ard 


ard 


ard 


ard 




0.505 

Stand- 

0.505 

Stand- 

0.505 

Stand- 

0.505 

Stand- 

0.505 

Stand- 

0.505 

Stand- 



in. di- 

ard 

in. di- 

ard 

in. di- 

ard 

in. di- 

ard 

in. di- 

ard 

in. di- 

ard 



araeter 

plate 

ameter 

plate 

ameter 

plate 

ameter 

plate 

ameter 

plate 

ameter 

plate 

Yield point, psi 


35,950 

32,420 

36,075 

31,060 

29,960 

37,110 

31,830 

29,610 

31,450 

34,690 

35,825 

28,920 






31,480 




29,500 

31,700 




Ultimate strength, psi 

63,030 

68,240 

66,280 

61,000 

66,530 

67,800 

64,790 

60,700 

66,900 

63,970 

63,035 

55,300 






59,650 




61,260 

65,900 




Elongation in 2 inches, per cent 

34.0 


33.8 


32.0 


34.0 


30.0 


35.0 












31.5 




Elongation in 8 inches, per cent 


23.2 


29.7 


24.0 


29.5 


27.5 


32.5 






34.5 




38.2 





Reduction in area, per cent 

58.6 


56.7 

66.7 

53.4 


58.0 

57.3 

53.3 

.. 

59.3 

58.9 






56.7 




56.0 

52.0 




Individual fractures 

H cup 

Cup 

H cup 

M cup 

% cup 

Vi cup 

y% cup 

Vi cup 

y cup 

Angu- 

Vi cup 

Angu- 



% cup 


]4 cup 

Angu- 

^2 cup 


Vi cup 

Angu- 

H cup 

lar 

Vi cup 

lar 






lar 




lar 





Used for specimen marked 

203-6, 203-8 

203-5 

203-1 

203-7 

. 


203-3A 



203-9, 

203-10 



203-2 





203-4A 



203-3C 













203-4C 











Charpy impact 

Temp., deg F 

-f70 

-20 


-20 

-1-70 

-20 


-20 

-1-70 

-20 

-f70 

-20 

(notch normal 

Indivudual 

22 

2 


2 

8 

2 


2 

26 

2 

10 

2 

to plate sur- 

values 

24 

2 


2 

19 

2 

23 

2 

25 

2 

9 

2 

face) 


26 

2 

22 

2 

18 

2 

22 

2 

22 

2 

9 

2 


Average 

24 

2 

18 

2 

15 

2 

21 

2 

24 

2 

9 

2 


values 


_ 
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For Sptcimons Restramed During Wolding 
W«ld Joint “a" Before Welding Joint *0" 



Machined from 32* Wide to 24* Wide 
AfterWridIng Longitudinal Joint Referto 

for all Specimens Except 203-6 / Section B-B 



Section A-A Section B-B 

Fig. 27—Detaile oi Short Longitudinally Welded Plate Speci¬ 
mens (24 In. Wide) 


the Specimen is particularly noteworthy. It was diffi¬ 
cult to explain how such differential elongation coiild 
exist until the thickness survey was made on Specimen 
203-4A. 

(d) Specimen 203-4A .—The nominal yield point was 
slightly higher than that of the coupon. The nominal 
ultimate strength was considerably higher, giving the 
highest longituffinal efficiency in the test. Most of the 
increase in strength is probably due to the steel being 
stronger at low temperature. 

The elongation, though somewhat less than that of 
the previous specimen, as would be expected, was ex¬ 
cellent. 

The fracture shown in Fig. 30 was square over most 
of its area except for the center portion where a shear 
failure occurred in way of the extreme elongation. 

A thickness survey was made of this specimen with 
the results shown in Fig. 31. The curves shown are 
contours of equal percentage reduction of thickness. 
It will be seen that there was a pronounced thin zone 
extending diagonally across the specimen in one direc¬ 
tion. This indicates the tendency to fail by shear at an 
angle to the axis of the specimen but failure actually 
occurred in the center and once started progressed across 
the specimen in the usual square manner. The diagonal 
thinning extended to the edges and created secondary 
necking away from the fracture. There was also pro¬ 
nounced thinning at the end radii. This necking at the 
radii and the secondary necking near the fracture, com¬ 
pensated for the thinning at the center, enabling the 
specimen to be elongated as a whole. This mode of de¬ 
formation and failure indicates the almost perfect balance 
that obtained in these specimens between the liability of 
failure at the toes of the welds joining the specimen to 


the end connections, at the radii, and at the center of the 
specimen. 

(«) Specimen 203-8. The nominal yield points ob¬ 
tained from the specimen were somewhat higher than that 
secured from the coupons, and were higher than those 
of the large virgin base metal specimens. 

The nominal ultimate strength of the welded specimen 
was about the same as that of the virgin base metal 
coupon, giving a longitudinal efficiency of almost ex¬ 
actly 100%. 

Good dongation was obtained, 23.6% as contrasted 
with 26.8% of the control specimen. Only a small 
amount of lateral necking occurred as can be seen in 
Table 15. 

The fracture is shown in Fig. 32. It will be seen that 
the tendency to thin at the Center has been almost com¬ 
pletely stopped by the presence of the weld metal and 
the heat-affected zones. In Fig. 13 it will be seen that, 
in general, a welded joint area has higher yield-point 
and strength values than the surrounding base metal. 
This would account for the lack of thinning at the center 
of welded specimens. 

A large "fish-eye” was found in* the weld metal. 
These are often found in weld metal and, if they are not 
near the surface where they can start a tear, are not 
particularly harmful. Incidentally, this was one of the 
few welded specimens in the whole test that failed with 
an almost complete 45° shear fracture. 

In Fig. 33 is the load head-movement curve of the 
specimen. It is typical of those in this series. 

(/) Specimen 203-10 .—The performance of this speci¬ 
men is very similar to that of the preceding except that 
somewhat higher strength and less elongation were ob¬ 
served in this colder steel. 

The fracture as shown in Fig. 32, however, was quite 
different, and was a square sharp break, The che\Ton 
patterns point to the weld zone as the origin of failure. 

(g) Specimen 203-6 .—This specimen although 32 in. 
wide did not fail at the toes of the connecting fillets as 



Fig. 28—General Testing Arrangements (Tank Omitted ior 
Rcx)m Temperature Tests) 
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Specimen mark 
Tested at 
End restraint 
Heat treatment 


203-3C 203-4C 

+ 77*’F. +20“ F. 

None None 


Fig. 29—Location and Appearance of Fracture Specimens 
203-3C and 2034C (Unwelded Plates) 


did its companions and accordingly the results are in¬ 
cluded herein even though they are not strictly com¬ 
parable with the 24-in. wide specimens 

The nominal yield point obtained from the head- 
movement curve is probably more correct than that in¬ 
dicated by the cracking of the mill 3 cale. The former 
is less than that of the coupon. The computed ultimate 
strength was slightly less. 

The elongation was about half that of specimen 203-8, 
suggesting that the added transverse stress, locked up in 
the joint by welding it last, has had a considerable effect 
on the elongation of the specimen. Little necking either 



Specimen mark 203-3A 203-4A 

Tested at 68“ F. 20“ F. 

Heat treatment Stress relief annealed Stress relief annealed 


Fig. 30—Location and Appearance of Fracture Specimena 
203‘3A and 203^M (Unwelded Plate*) 


in width or thickness is indicated in the reduction of area 
values in Table 15. 

(h) Specimen 203-9 .—The apparent yield point was in 
excess of that of the coupon. The computed ultimate 
strength recorded is not comparable to that of the other 
specimens in the test because failure did not occur in 
the reduced section as can be seen in Table 15. As 
a result, the full strength of the more uniformly loaded 
reduced section was not called into play. 

Failure initiated from a longitudinal crack in the weld 
metal near the end connection. It is not surprising that 
a crack existed at that point; in fact, it is more surprising 
that a crack did not extend throughout the length of the 
joint in view of the tremendous stress that must have 



Table 14.- 

—Details of Making Longitudinal Welds 






Electrode data 



Specimen 


Bead No. 



Arc 

Current, 

mark 

Process 

(see Fig. 27) 

Brand 

Size, in. 

volts 

amps. 

203-5 

Manual shielded 

1 

Fleetweld 5 

^2 

26 

150 

203-6 

metal-arc 

2 

Fleetweld 6 

He 

32 

200 

203-7 


3 

Fleetweld 5 

Hi 

26 

150 

203-8 


4 

Fleetweld 6 

He 

32 

200 

203-9 


5 

Murex cresta 

H 

38 

300 

203-10 








^ Unionmelt 

6 

Oxweld 36 

H 

36 

1250- 

* Speed * 4H inches per minute. Grind of melt • 20 X D. 
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Table 16.—Summary of Results on Short Plate Specimens (24 In. Wide Except Specimen 203-6) 


Column Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Type of Specimen 

Unwelded Plates 

Longitudinally Welded Joints 

Heat Treatment 

None (As-Rolled) 

Stress Relief Annealed 

None (As-welded) 

Stress Relief Annealed 

End Restraint 



None 

Rigid 

Rigid 

Specimen mark 

203-3C 

203-4C 

203-3A 

203-4A 

203-8 

203-10 

203^6 

(32 in.wide) 

203-9 

203-5 

203-7 

Temperature of testing ( 

F.) 

77” 

20'- 

68* 

20* 

75* 

18“ 

75* 

18* 

85* 

17* 

Yield point from bead- 

Lb. 

760,000 

858,000 

880,000 

880,000 

1,020,000 

1,020,000 

1.200,000 

1,020,000 

1.020.000 

880,000 

movement curve 


Psi. 

■ 25,600 

28,900 

29,800 

30.000 

34,300 

34,100 

30,300 

34,200 

33,700 

29,800 

General cracking of mill 

Lb. 

856,000 


935.000 


1,073,000 


1.598.000 


879,000 


scale (yield point) 


Psi. 

28,900 


31,700 


36,100 


40.400 


29,000 

.... 

Maximum load 

Lb. 

1,992,000 

2,114.000 

1,822,000 

1,926.000 

2,036,000 

2,125,000 

2,655.000 

1,907,000 

1,903,000 

2.079.000 

Psi. 

67,200 

71,200 

61.800 

65.600 

68,500 

71,100 

67,000 

63,900* 

62.800 

70.400 

Elongation between 

Inches 

2 142 

2.126 

2.938 

2.626 

1.876 

1.469 

1.100 

0.565 

3.001 

2.094 

gage points 

Per cent 

26.8 

26.0 

36 7 

32.9 

23,6 

18.4 

13-8 

7.06* 

87.5 

26.3 


Average 
at gage 
points 

0 16.5 in. - 
13.34% 

0.172 in. - 
13.92% 

0.189 in. - 
15.40% 

0.191 in. - 
15.60% 

0.113 in. B 
9.29% 

0.142 in. « 
11-40% 

0.126 in. - 
10.12% 

0.060 in. " 
4.83% 

0.201 in. • 
15.93% 

0.171 in. - 
13.90% 

Reduction in thick* 
ness 

Average 

at 

fracture 

0.245 in. <■ 
19.82% 

0.233 in. - 
18.83% 

0.302 in. - 
24 60% 

0.246 in. “ 
20.10% 

0.163 in. 
13.17% 

0 143 in. - 
11.40% 

0.122 in. - 
9 80% 

« 

0.294 in. - 
23.30% 

0.197 in. - 
16.02% 


Max. at 
center of 
fracture 

U 368 in. - 
29.80% 

0.384 in. - 
31.05% 

0.399 in. = 
32.55% 

0.477 in. = 
39,20% 

0.194 in. - 
15.63% 

0 176 in. - 
14.12% 

0 146 in. -> 
11-72% 


0.404 in. - 
31.95% 

0.275 in. - 
22.35% 

Reduction in width 

Average 
at gage 
points 

1.810 in. - 
7,56% 

1.833 in. - 
7.65% 

1.583 in. - 
6.00% 

1.625 in. - 
6.77% 

1.466 in. - 
0.12% 

1.043 in. - 
4.34% 

1 OOn in. - 
3 33% 

0.562 in. - 
2.34% 

1.937 in. - 
8.07% 

1.417 in. - 
6.90% 


At 

fracture 

2.000 in. - 
8.34% 

2.000 in. - 
8.34% 

2.500 in. - 
10.41% 

2.375 in. - 
9.88% 

1.750 in. “ 
7.29% 

l.S?.". in, - 
5,73% 

1 18.5 in. “ 
3-73% 

9 

2.750 in. - 
11.46% 

2.000 in. - 
8.33% 

Reduction in area 

Average 
at gage 
points 

5.907 sq, 
in. “ 
19.90% 

6 080 sq. 
in. -> 
20.45% 

6.181 sq. 
in. “ 
20.95% 

6.261 sq. 
in. “ 
21.33% 

4.409 sq. 
in. B 
14.84% 

4.5.58 sq. 
in. • 
15.25% 

5.194 sq. 
in. — 

13 12% 

2.105 sq. 
in. — 
7.06% 

6.879 sq. 
in. » 
22.71% 

5.605 aq. 
in . — 
19.00% 

Average 

ut 

fracture 

7.804 sq. 
in. B 
26.50% 

7.600 sq. 
in. “ 
25.60% 

9.063 sq. 
in. “ 
32.45% 

8.224 sq. 
in. = 
28.02% 

5.893 sq. 
in. “ 
19.83% 

4.949 sq. 
in. = 
16.52% 

5.211 sq. 
in. “ 
13.16% 

• 

9.718 sq. 
in. m 
32.09% 

6.794 »q. 
in. w 
23.01% 

Longitudinal elScieDcy 
cent) 

(per 

98.4 

104.2 

III.5 

118.8 

100,4 

104.2 

98.2 

93.6* 

104.2 

115 6 



* Fracture outside reduced section in head weld. 


been set up by the deliberately wrong procedure of weld¬ 
ing. 

(j) Specimen 203-5 .—This specimen is the companion 
of 203-6 except that it was stress-relief-annealed to re¬ 
move locked-up stress put in by the welding. 

An apparent yield point slightly more than that of 
the coupon was obtained and ^so more than that of its 
companion 203-6. Again it is believed that the yield 
point by the cracking off of the mill scale is not as cor¬ 
rect as that obtained from the head-movement curve. 

The strength'of the specimen is slightly in excess of 
that estimated from the coupon test giving a good longi¬ 
tudinal eflSciency. 

The elongation is the best in the series exceeding that 
of the virgin base metal stress-relieved. The fractme 
was square and sharp and the necking moderate as in¬ 
dicated by the reductions of area in Table 15. This test 
shows that whatever harm had been done by the im¬ 
proper method of welding was certainly corrected. 

{k) Specimen 203-7 .—The performance of this speci¬ 
men was very similar to that of the preceding. The 
apparent yield point was almost equal to that of the 
coupon; the strength, however, was much greater re¬ 
sulting in a high longitudinal efficiency. 


' a r ! ! I 

Fracture 



NoU: Contour lines connect points having equal percentage re¬ 
duction in thickness. 

Fig. 31—Contours oi Ecnial ThickneM on Specimen 203-4A 
After Failure 
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Table 16.—^Lisx op Long Flat Plate Specimens 

Welding conditions 


Reduced 





• Temperature 


section 



Restraint 

Post 

of 

Mark 

length. 

Type of 


during 

heat 

test. 

(1 each 

in. 

specimen 

Process 

welding 

treatment 

deg F 

' required) 

128 

Virgin base 

None 

.... 

None 

85 

203-llB 


metal 




21 

203-12 





1150® F- 

85 

203-13 






20 

203-14 

128 

Welded long. 

Unionmelt one 

None 

None 

80 

' 203-15 


butt joint 

side. Manual 



21 

203-16 



metal-arc one 







side 






1160 P. 4H hours; furnace cooled. 


The elongation, though considerably less than that of 
its companion at 85®, is very good indeed. 

The fracture was square and sharp with very little 
necking so far as can be seen from the reductions of area 
in Table 15. 

(J) Short Flat Specimens in General .—It will seem 
from the foregoing that great increases in elongation 
resulted from stress-relief-annealing in both virgin base 
metal specimens and in the welded ones. It would ap¬ 
pear, therefore, that, if we could stress-relief-anneal 


• 

#. 


^ p » 


lL:. f 


Breakin 9 Load 
2,056,000 Lb. 


12 3 4 

Movement ot Head in Inches 


Flo. 33—Load.fHead-MoTement) Curve for Specimen 203*8 


at +75" F.) 


ships after welding, we would remove the harm done by 
improper welding procedure. We would not, however, 
correct the notches caused by bad design and faulty 
workmanship. 

In spite of all our efforts to provide a combination of 
restraint of flow, locked-up stress, low temperature and 
great thickness, we were not able to cause a single speci¬ 
men to fail in the brittle manner with a sharp square 
fracture and practically no elongation as has been the 
case with the ships. 

The performance of the welded specimens, in general, 
in comparison with that of the base metal ones is very 
good indeed. 
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General Description of Specimens 


These specimens have a gage length of 128 in., a width 
of 24 in. and a thickness of IVt to., giving a cross-sec¬ 
tional area to be broken of 30 sq. to. Together with end 


Fig. 32—Location and Appearance of Fracture Specimexu 
203*8 and 203-10 


Specimen mark 
Tested at 
End restraint 
Heat treatment 


203-8 
76" F. 

None 

None as-welded 


203-10 
18" F. 

None 

None as-welded 







50 SR 4 STRAIN GAGES ATTACHED 


SHEET metal BRir>JE TAN' 



SLIDING RODS ON TANK 


CANVAS Expansion joi 


Fig. 34—General Views of Specimens Before Testing: (Top) Base Metal Specimen 203-14; (Center) Welded 
Specimen 203-16; (Bottom) Specimen with Brine Tank Attached 


Section A-A 


Unionmelt 


Manual^ 
Meta I- Arc 















CXPAHSO*! TANK 


Fig. 37—Refrigerated Specimen Showing Attachment of Gages 
to Indicator 

connections each specimen weighs about three tons. 
General views of the specimens before testing are shown 
in Fig. 34. The details are given in Fig. 35. • 

Due to the fact that the elongation of such a long 
specimen might be on the order of 30 in., it was not pos¬ 
sible to use the flanged type sheet metal expansion joints 
for the brine tanks for low temperature testing. Ac¬ 
cordingly canvas expansion joints were used, as can be 
seen in Fig. 34. Approximately 2000 lb. of ice and brine 
were needed for cooling the specimen. 

All of the long specimens had Baldwin Southwark 
Corporation's SR-4 electric strain gages attached. On 


the virgin base metal specimen 16 gages were used and 
on the welded specimens about 50 strain gages were ap¬ 
plied. The strains were measured both longitudinally 
and transversely. The gages in position can be seen in 
Fig. 36. The boards shown were used merely to enable 
the wires to be arranged in an orderly manner. Most of 
the gages had a 1-in. gage length except the transverse 
gages on the welds; those were The dummy 

gages can be seen attached to an unstrained block of 
the same steel located so that the temperature condi¬ 
tions of the block would be identical with those of the 
specimen. 

In Fig. 37 is shown a specimen in its brine bath and 
with .the leads connected to the strain indicator. This 
instrument is capable of measuring strains in terms of 
micro inches; that is, millionths of inches. 

The strain gage study has been made very recently and 
there has not b^n sufficient time to plot and anal 3 ^e the 
results so that it will not be possible to include any of 
these data in this, paper. If deemed desirable, the com¬ 
plete strain gage analyses of all of the long specimens and 
a few of the short ones can be reported in a later paper. 

A list of the specimens tested is given in Table 16. 

Material 

In Table 17 are given the mechanical properties of thfe 
steels used in making these large specimens. It will be 
seen that the characteristics of these materials are very 
similar to those of the previous ones. 

Fabrication of Specimens 

The fabrication of the specimens was similar to that 
described previously except that the entire lengths of 
both the top and bottom edges of the specimens were 
sanded and ground to a smooth finish. In some of the 
previous specimens it had been found that ordinary com¬ 
mercial planing was not satisfactory for the edge of a 
tensile specimen because after a considerable degree of 
straining the edges of the specimen were covered with 
enlarged furrows which would cause premature failure. 


Table 17.—Properties of Plate Material Used for Wide Plates with 128-Inch Gage Length 


Specimen mark 

Analysis 

Carbon. 

Manganese. 

Phosphorus. 

Sulphur. 

Silicon. 

Copper. 

Nickel. 

Chromium. 

Molybdenum. 

203-1 IB and 203-12 

Ladle Check 

0.25 0.26 

0.44 0.42 

0.016 0.020 

0.039 0.039 

0.06 

0.00 

0.01 

0.00 

0.00 

203-13 and 203-14 
Ladle Check 

0.25 0.26 

0.39 0.44 

0.024 0.027 

0.037 0.041 

0.05 
0.02 
0.02 
0.05 
0.00 

203-15 and 203-16 
Ladle Check 
0.24 0.27 

0.48 0.46 

0.018 0.026 
0.041 0.040 

0.028 
0.02 
0.02 
0.05 
0.00 

Plate condition 

As 

Stress 

As 

Stress 

As rolled 


rolled 

relief 

rolled® 

relief 




annealed® 


annealed 


Type of specimen 

Standard 

Standard 

Standard 

Standard 

Standard plate 


plate 

plate 

plate 

plate 


Yield point, psi 

37,110 

29,560 

35,970 

32,960 

37,280 

Ultimate strength, psi 

67,800 

60,980 

67,140 

62.540 

68,580 

Elongation in 8 inches, per cent 

24.0 

33.9 

25.2 

30.7 

26.2 

Reduction in area, per cent 


56.7 


54.2 

• 

Fracture 

M cup 

Angular 

Angular 

Angular 

Angular 


Charpy impact (notch 
normal to plate sur¬ 
face) 


Temp., deg F 

+70 

-20 

+70 

-20 


+70 

-20 

+70 

-20 

Individual values 

8 

2 

19 

2 


28 

2 

26 

3 


19 

2 

23 

2 


27 

2 

22 

3 


18 

2 

22 

2 


27 

2 

26 

3 

Average values 

15 

2 

21 

2 


28 

2 

25 

3 


Shown for comparison only. 
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Table 18. —Details of Making Longitudinal Welds 


Electrode data 


Specimen 

mark 

Process 

Bead No. 

Brand 

Size, in. 

Arc 

volts 

Current 

amps. 

203-15 

[ Manual shielded 

1 

Fleetweld 5 

H 2 

26 

145 

203-16 

j metal-arc 

2 

Fleetweld 5 

Va. 

32 

240 


[ Unionmelt 

3 

Oxweld 36 

% 

35 

1275* 


* Speed * 8 inches per minute. Grind of melt — 20 X D. 


The technique of applying the strain gages will not be 
described at this time because that can be better handled 
with the strain gage analyses. 

The welding details are given in Table 18. 

Eight-inch gage lengths were center-punched at in- 
tervds throughout the length of the specimen so that 
the elongation in 8 in. could-be secured after fracture. 

Results 

The results of the testing are shown in Table 19, and 
the subsequent figures. 

It was originahy intended to have the direct com¬ 
parison between a coupon cut from the same piece of 
plate from which the specimen was made and the large 
specimen itself. Due to a mistake in the laboratory, 
certain of coupons were destroyed with the result that 
we do not now have the direct comparison between the 
large scale specimen and the coupon from the identical 
plate. The coupon results shown in Table 17 for speci¬ 


mens 203-llB, 203-12, 203-15, and 203-16 are from the 
same heat and the same rolling and probably approxi¬ 
mate fairly closely the results which would have been 
obtained from the same plate. 

The proportions of the large specimens, 128 in. gage 
length by 24 in. width, were selected to give the same 
width-length ratio in the reduced section as an 8 -in X 
iVrin. standard A.S.T.M. flat plate coupon. While the 
length-width ratios of the two are the same, the width- 
thickness ratios of 24 in.: IV 4 in. and IV* in.: IV 4 in. 
are quite different. The large specimen has the propor¬ 
tions of an 8 - X iVr X Vn-in- coupon. Another dif¬ 
ference between the large specimens and the coupon is 
that the latter tests but a small portion of the plate, 
whereas the former embraces a large part of the cross 
section of the ingot. The comparison between the ten¬ 
sile test results of the coupon and those of the large 
specimen therefore gives the relation between a small 
sample obtained from the cut-out portion of a large sped- 


Table 19. —Summary of Results on Long Plate Specimens 

Type of specimen Unwelded plates Longitudinally Welded 

Joints 

Heat treatment 
End restraint 


None (as rolled) 

Stress relief annealed 

None (as welded) 
None 

Specimen mark 


203-llB 

203-12 

203-13 

203-14 

203-15 

203-16 

Temperature of testing, deg F 

85 

21 

85 

20 

80 

21 

Yield point from head-fib 

837,000 

887,000 

914,000 

992.000 

862,000 

903,000 

movement curve \psi 

28,200 

29,800 

31,100 

33,200 

29,800 

31,200 

General cracking of millflb. 

1,300,000 


990,000 


903,000 

* , 

scale (irield point) \psi 

43,700 

.. 

33,800 


31,200 

.. 

Maximum load 

fib 

1,833,000 

1,898,000 

1,826,000 

1.923,000 

1,790.000 

1,806,000 


\psi 

61,600 

63,800 

62,300 

64,500 

61,900 

62,400 

Elongation I 

Tn 128/inches 

27.344 

29.241 

24.938 

29.807 

28.538 

11.375 

between gage! 

1 in. mer cent 

21.4 

22.8 

19.5 

23.3 

22.3 

8.9 

points 1 

In 8 finches 

4.450 

3.630 


4.126 

2.963 


in. \per cent 

55.6 

44.2 


51.6 

37.1 


' 

[Average in re- 

0.124 in. 

0.125 in. 

0.106 in. 

0.133 in. 

0.122 in. 

0.053 in. 


duced section 

10 . 00 % 

10.09% 

8 . 66 % 

10.70% 

9.91% 

4.29% 

Reduction in 

Average at frac- 

0.290 in. 

0.294 in. 

0.335 in. 

0.254 in. 

0.215 in. 

0.064 in. 

thickness 

ture 

23.39% 

23.73% 

27.36% 

20.43% 

17.48% 

5.19% 


Maximum at 

0.358 in. 

0.403 in. 

0.450 in. 

0.413 in. 

0.252 in. 

0.073 in. 


fracture 

28.88% 

32.63% 

36.75% 

33.23% 

20.48% 

5.92% 

1 

[Average in re- 

2.264 in. 

2.278 in. 

1.945 in. 

2.370 in. 

2.127 in. 

0.881 in. 

Reduction in J 

duced section 

9.47% 

9.47% 

8.13% 

9.88% 

9.06% 

3.76% 

width 1 

1 

At fracture 

5.081 in. 

4.161 in. 

4.178 in. 

4.545 in. 

3.482 in. 

1.011 in. 


21 . 20 % 

17.31% 

17.45% 

18.95% 

14.86% 

4.31% 


[Average in re- 

5.569 sq in. 

5.543 sq in. 

4.718 sq in. 

5.821 sq in. 

5.223 sq in. 

2.283 sq io. 

Reduction in ] 

duced section 

= 18.75% 

- 18.61% 

- 16.06% 

= 19.53% 

- 18.08% 

- 7.89% 

area 

Average at frac- 

11.846 sq in. 

10.999 sq in. 

11.749 sq in. 

10.587 sq in. 

8.586 sq in. 

2.684 sq in. 

ture 

- 39.90% 

= 36.93% 

= 40.10% 

- 35.52% 

-29.73% 

» 9.28% 

Longitudinal efficiency, per cent 

90.9 

94.0 

99.6 

103.1 

90.2 

90.9 

Fracture 

* Top mad bottom of plate 

Single 45® 

Double 45® 
Single 45® 
Square* 

Irregular 
double cup 

Square 

Single 45* 
Square* 

Square 

Single 45* 
Double 45* 
Square* 

Square 
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men, and a large cross-sectional area containing the 
center portion of the ingot. 

Direct comparison between the elongation in 8 in. 
in. the large specimen and the elongation in 8 in. in the 
coupon is not at all correct, because in the small speci¬ 
men, the 8-in. gage length included the necked portion of 
the specimen as well as imnecked portions outside, 
whereas in the large specimen, the 8-in. gage length was 
completely inside of the necked and greatly elongated 
portion. 

(a) Specimen 203-llB .—It will be noted that the 
yield point secured on ^e large specimen was lower than 
that obtained on the small. This may be due in part 
to the fact that a very small yielding, say Vie in., is 
readily apparent with the pointer of the large machine 
and this amount would represent a very small imit strain 
when divided by the long gage length of 128 in. Also it 
may be due in part to the fact that nonuniform stress 
distribution will lower yield point values. 

The nominal ultimate strength obtained from the 
large specimen was considerably less than that of the 
coupon. This is reflected in the relatively low longi¬ 
tudinal efficiency obtained. In view of the uncertainty 
about the coupon strength, perhaps the best that can 
be said under the circumstances is that the longitudinal 
efficiency of the large specimen seems to be somewhat 
less than 100%. 

The elongation in 128 in. of the large specimen com¬ 
pares very favorably with that of the coupon as can be 
seen from Table 17. The elongation in 8 in. in the necked 
portion is great. 



Specimen mark 
Tested at 
End restraint 
Heat treatment 


203-llB 
85" F. 

None as rolled 


203-12 
21" F. 

None as rolled 


Fig. 38—Location and Appearance of Fracture Spedmens 
203-nB and 203-12 


Section A-A 




Section B’B 


Section C-C 

Contour lines connect points having equal percentage reduction in 
thickness. 

Fig. 39—Contours ol Equal Thickness on Spedmen 203>11B 
After Failure 


Considerable necking occurred as can be seen by com¬ 
paring the reductions of area in Table 19, as well as by 
observing the fracture shown in Fig. 38. The necking, 
however, was not as great as that of the small coupons, 
and was of a very peculiar type. 

In Fig. 39 is shown a thiclmess survey of the specimen. 
It will ^ seen that there is a depression extending at an 
angle across the fracture, in a manner very sii^ar to 
that of the short wide specimens. Where this depression 
reached the edges of the specimen, a secondary necking 
away from the fracture occurred and distorted the fair 
curve of flow ordinarily exhibited by necking. The 
thinning can be seen in ^e sections which are drawn to 
the same longitudinal scale but to an expanded thick¬ 
ness scale. 

(6) Specimen 203-12 .—A lower yield point was ob¬ 
tained from the specimen than from the coupon. Lower 
ultimate strength was also secured resulting in a low 
longitudinal efficiency. Better strength and yield point 
values were obtained than those of Ihe preceding speci¬ 
men because the steel was stronger when cold. 

The over-all elongation value at low temperature was 
somewhat better than that of the large companion speci¬ 
men tested at 85° F. The elongation in 8 in. however, 
was less. 

The fracture shown in Fig. 38 was irregular, with the 
outer portions square and the inner parts single and 
double shear failures. The chevron patterns point to an 
area near the center of the specimen and are visible even 
on the shear failures. 

In Fig. 40 is a view of the edge of the specimen. This 
shows the thinning away from the fracture as a result of 
the angular depression. 

(c) Specimen 203-13 .—In this stress-relief-annealed 
virgin base metal specimen the coupons for the standard 
tensile tests were obtained from the same plate, so that 
direct comparison between the large and small scale 
specimens is possible. 

The yield point is in very good agreement with that 
from the coupon. It will also be noted that the yield 
point from this large stress-relief-annealed specimen is 
somewhat higher tl^ that obtained from the large as- 
rolled specimen. 

The ultimate strength was lower than that from the 
coupon, resulting in a longitudinal efficiency less than 
100 %. 

The elongation in 128 in. was less than that of the 
coupon and slightly less than that of the comparative 
specimen 203-llB. Specimen 203-13 was made from a 
top cut of the ingot and it is believed that an elongation 
of 19.5% is good for such a large specimen containing the 
center line portion of the ingot. 

Fracture occurred outside of a series of 8-in. gage 
lengths which had been punched on the specimen so that 
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welded specimen, however, is consid¬ 
erably less than those of the base 
metal specimens. This is again due 
to the fact that the weld zone pre¬ 
vented excessive thinning at the 
center and caused a better distrib¬ 
ution of elongation over the width. 
This is also illustrated in the lesser 
degree of necking as evidenced by 
the reductions of area in Table 19. 
The fracture was irregular. 

This specimen contained a “bum 
through’’; that is, a short length 
where the heat of the Unionmelt 
welding was so great that molten 
metal poured through and left stalac- 
Fig. 40—Tkinning ol Edge Away from Fracture Specimen 203*12 tites on the bottom. These were 

ground off and the automatic machine 



the elongation in the 8 in. including fracture was not ob¬ 
tainable. 

The fracture was irregular and the degree of necking 
about, the same as that of the preceding specimens as 
can be seen by comparing the reductions of area. 

(d) Specimen 203-14 .—The apparent yield point was 
very close to that obtained from the coupon but slightly 
higher than that of the corresponding Specimen 203-13. 

Good ultimate strength and longitudinal efficiency 
were found. 

The elongation in 128 in. was good when compared 
with the oQier specimens in the series. The necking 
was similar to that of the preceding specimens as can be 
seen from Table 19. 

Fracture was irregular. 

(e) Specimen 203-15 .—Comparison with Table 17 
will again show that the yield point and ultimate tensile 
strength obtained from the large specimen were consid¬ 
erably less than those found for the coupon. A rela¬ 
tively low longitudinal efficiency resulted. 

The elon^tion in 128 in. of 22.3% obtained from 
welded specimen 203-15 compares very favorably with 
the elongations obtained from any of the large virgin 
base metal specimens. The elongation in 8 in. of the 



10 to-5* 

42 


Fig. 41—Complete Loa(i-(Head-Movement) Curve lor Specimen 
203*15 (Long Plate Specimen Welded in Unrestrained Condi¬ 
tion and Tested As-Welded at -1-80'’ F.) 




Fig. 42—Partial-(Head-Movemettt) Curve lor Specimen 203-15 
(Long Plate Specimen Welded in Unrestrained Condition and 
Tested As-Welded at 4*80° F.) 


run over the area again. Flaws existed in this area as 
shown by the radiographs, but they were not of such 
a character as to cause failure in this particular case, 
and fracture occurred at a considerable distance from 
the “bum through.” 

In the testing of these specimens, the load was peri¬ 
odically dropped back to practically zero (50,(XX) load) 
so that permanent set readings could be taken. A com¬ 
plete load head-movement curve of specimen 203-15 is 
shown in Fig. 41. The portion of the curve within and 
slightly beyond the yield point is shown with a magnified 
abscissa scale in Fig. 42. The various points at which 
the load was dropped are numbered. 

In regions about one-quarter of the length from each 
end of the welded specimen, the reinforcement on the 
hand welds was ground off for lengths of about a foot. 
This was done by the X-ray technician in order to im¬ 
prove his radiographs. The specimen thus had the re¬ 
inforcements on the hand welds over the major portion 
of its length but there were two areas where the rein¬ 
forcements were ground off. This in effect provided a 
specimen with hand weld reinforcements both on and 
off. 

Failure occurred at the portion of the specimen where 
the reinforcements on the hand weld were in place, but 
at the other end of the specimen where the hand weld 
was ground off, the condition shown in Fig. 43 obtained. 
Here it will be seen that the hand-weld metal had ex¬ 
hausted its ability to elongate before the surrounding 
base metal showed distress. The weld metal is fractured 
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all specimens was above the strength 
requirements of the American Bureau 
of Shipping. Good elongations were 
obtained although these, in general, 
are somewhat lower than those of 
the coupons. Whether this is a re¬ 
sult of the large specimen containing 
the center portion of the ingot or 
follows from the different relationship 
between width and thickness is not 
known. In any event, the absolute 
values for the elongation are good 
and are far more th^ could ever be 
utilized in service. 

The performance of the welded 
specimen 203-15 was as good as that 
of the comparative base metal speci¬ 
men. 

The peculiar secondary neckings . 
that were manifested in these speci- 
Fig. 43—Cracking oi Hand Welding in Specimen 203-lS mens are new SO far as the writer is 

aware. They may exist in small- 
scale specimens and yet may not be 

throughout its length and at one point, a considerable easily visible. It would be interesting to learn if others 
tear has started. have observed the same phenomenon. 

The fracture was varied and irregular as can be seen 
in Fig. 44. At the outer ends the chevron patterns in 
the square fractures point to the center of the specimen. 

The hand weld in this case contained a large “fish- 
eye.” This phenomenon is very common in weld metal, 
and if the fish-eyes are not located at an edge where they 
can start a tear, they are not particularly harmful. 

(f) Specimen 203-16 .—The perfotmance of this 
specimen was very disappointing. It contained a 
“bum through” as did the preceding specimen, but the 
flaw was of such a character that it did cause premature 
failure. The flaws could be seen in the radiographs and 
were revealed by sectioning after failure. The weld 
metal and base metal in the area exhibited excessive 
hardness as a result of the restarting of the weld. 

The computed yield point and tensile strength were 
lower than those of the coupon. The longitudinal 
effciency was about the same as that of the preceding 
specimen. 

The elongation was about half of that which was 
expected. 

The reductions of area were of course small and necking 
was negligible. 

The fractme shown in Fig. 44 was a beautiful ex¬ 
ample of the square fracture. The columnar structure 
of the weld metal can be plainly seen, and the chevron 
patterns point to the weld zone as the origin of fracture. 

(g) Long Flat Specimens in General .—These tests 
were particularly interesting in that they provide a com¬ 
parison between the testing of small coupons and that 
of the large plate specimens. As was pointed out pre¬ 
viously, the large plate specimens contain almost the 
entire cross section of the ingot, particularly the center 
portion and the plate thickness is so great that the steel 
has not been rolled down to the smi^ sizes which are 
ordinarily tested in bars containing the entire cross sec¬ 
tion of the ingot. 

It will be seen, in general, that the performance of the 
large specimens was very good indeed. Apparently low 
yield points were obtained but it is believed that these 
may result from the greater precision of the large machine 
and to nonuniform distribution of stress. The longitu¬ 
dinal eflftciencies appear somewhat low, particularly of 
those specimens where there is, unfortunately, some doubt 
as to whether or not the coupon was representative of the 
strength of the individual plate. However this may be, 

it should be noted that the average ultimate strength of strain gage investigation will be very interesting. 


Specimen mark 
Tested at 
End restraint 
Heat treatment 


203-15 
SO” F. 

None 

None as-welded 


203-16 
21* F. 

None 

None as-welded 


Fig. 44—Location and Appearance of Fractnre Speciinens 
203-15 and 203-16 


The indications are that the results of the multiple 
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Supplementary Notch-Bar Tests on Weld Metal 

In order that a study of the notch-bar toughness of 
the welded joints of the entire series could be made 
supplement^y investigations were conducted on the 
sted as used in the long specimens 203-15 and 203-16. 
The welding was identical with that of the large long 
specimens. 

Specimens were cut with the notches parallel to the 
length of the wdd and transverse thweto. They were 
so located that the notch occiured in the center of the 
Unionmdt weld and also down in the body of the wdd 
metal. Other specimens were so located that the notch 
came in the bond and also in the heat-affected base metal. 

. The restilts are shown in Fig. 45. It will be seen that 
the notch-bar impact values obtained from various parts 
of the wdd metal or of the wdded joint were equal to or 
better than those of the virgin base metal at the cor¬ 
responding temperatures. This indicates that the nor¬ 
mal, sound, substantially stress-free wdd metal or the 
heat-affected base metal would, under adverse conditions 
of stress (approaching triaxial tension) be no more likdy 
to instigate a crack than the surrounding base metal. 

It should be noted here that residual stresses in the 
wdd metal and in the wdded joint can be rdaxed to a 
considerable degree by the machining and grinding opera¬ 
tions inddental to cutting out the notched bar-specimens, 
and hence the material in those specimens is not repre¬ 
sentative of the as-wdded condition. 

General Discussion of the Comf^ete Test 

In the complete investigation there were five wdded 
specimens which were free from cracks and were not sub¬ 
jected to restraint imposed by improper wdding pro¬ 
cedures, and were tested as-wdded. These five speci¬ 
mens had an average longitudinal efficiency of 100.3% 
and an average elongation of 20.7%. 

There were also four virgin base metal specimens, 
both long and short, that were tested without stress- 
relief annealing. These had an average longitudinal 
efficiency of 97.5% and an average dongation of 24.4%. 
It will be seen, therefore, that large wdded spedmens 
made of about as thick plate as is ever encountered in 
shipbuilding were able to sustain loads equal to the full 
capacity of the sted and undergo dongation almost 
equal to that of the virgin base metal. It would seem 
that the clue to the problem of the cracking in ships 


does not lie in inadequate dongation of large welded 
structures, per se. 

In 13 out of the 14 wdded angle, tee, short and long 
flat plate specimens tested without subsequent heat 
treatment, failure occurred by a sharp square fracture 
originating in the weld. In none, however, did failure 
occur until after appreciable elongation had obtained, 
and in many cases after very great dongation had been 
secured. 

In only one property did this ordinary sted, such as 
has been used for years for building ships, exMbit any 
low values and that was in its notch-bar toughness. 
Fifty-six tests were made at —20° F. on I'A-in. sted 
from seven different heats and the average notdi-bar im¬ 
pact value was 2.4 ft.-Ib. 

In this connection, it is most interesting to note in 
Fig. 45 that the Charpy notch-bar impact value of the 
Unionmdt wdd metal at —20° F. was equal to or supe¬ 
rior to that of the rolled steel. This was true no matter 
how the notch was made. Also the notch-bar impact 
value of the heat-affected zone of the base metal was 
likewise equal to or superior to that of the virgin base 
metal. Thus it will be seen that by this criterion the 
metal in the wdded joint is inherently no less tough than 
that of the virgin base metal and no more likely to in¬ 
stigate crack propagation. On the other hand, the weld 
is far more likely to contain flaws to create notches. 
Further the weld and vicinity contain high residual 
stresses as-welded. 

Toughness in sted may be defined generally as the 
ability to endure deformation without fracture, particu¬ 
larly in an adverse state of stress. Toughness may be 
measured in many ways, such as determining the energj’^ 
of deformation absorbed in dongation or in bending. 
Thus, there may be many indices of toughness. One 
measure that is often used is the energy absorbed in 
breaking a notch bar. In a notch such as is used in the 
Charpy impact test, a triaxial state of stress exists just 
below the bottom of the notch. When this test is used 
as a measure of toughness of sted, toughness might be 
defined in a narrower sense as the ability of a metal to 
absorb energy before fracture, when subject to triaxial 
tension, in a standardized notch. 

In the notched tension specimens shown in Fig. 14. 
triaxial stresses existed at the bottom of the notch as 
evidenced by the high figures for strength. With or¬ 
dinary methods it was not possible to measure the 
amoimt of the elongation preceding fracture. Had more 
precise means been used, undoubtedly a certain amount 




Notch at longitudinal Notch in Bond 

Centerline of Weld 


WL 

Notch in Weld Metal 



Notch in Heat Effected Zone 


Mark 


WT 



WB 



WL 



WA 


Temp, of test (*F) 

-1-70 

-1-20 

-20 

-t-70 

-f20 

-20 

4-70 

4-20 

-20 

4-70 

4-20 

-20 

Charpy notch impact values 

22 

18 

15 

19 

18 

4 

19 

16 

2 

24 

19 

12 

22 

14 

13 

20 

17 

2 

21 

4 

• 16 

23 

18 

14 


20 

14 

2 

21 

18 

13 

17 

13 

13 

23 

19 

13 

Average 

21 

15 

10 

20 

18 

6 

19 

11 

10 

23 

19 

13 


Fig. 45—Charpy Impact Tests of Welded Joint as Used in Specimens 203-15 and 203-16 
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of local elongation would have been found. But in any 
event, the energy absorbed would have been small be¬ 
cause so small a volume of metal endured deformation. 
It was hoped in the short wide flat specimens to approach 
at least partially the condition exhibited in the notched 
specimen, but no significant increase in nominal tensile 
streng^ was obtain^ and great elongation was secured. 
However, square fracture over most of the area of three 
out of four virgin base metal specimens was observed. 

Many cracks and failures have occurred when the 
ship was on the building ways and under no external 
loading whatsoever. In oim northern building yards in 
winter,* a ship on the ways .with the steel at the tem¬ 
perature of the night b^ore can have portions of its 
deck and shell warmed by the rising sun, while other por¬ 
tions are in the shade. Differential expansion can thus 
cause stress and it may be that these stresses are more 
severe than loading stresses. In most cases of ship 
failure, the temperature has been low when the tough¬ 
ness of the steel was at a minimum , but in the case of 
the ship on the ways in winter, low temperature not only 
reduces the toughness of the steel but nonuniform 
temperature distribution causes the stresses. 

Thus far little has been said about “locked-up stress.” 
What part does it play in this picture? Recent experi¬ 
ments have shown that longitudinal stress (assuming 
elastic behavior) on the order of 45,000 to 50,000 psi. 
exists in joints in plating of the thickness with which we 
are concerned in shipbuilding. This stress diminishes 
away from the weld and becomes negligible at about 4 in. 
from the center line of the joint. 

In relatively free plates the transverse locked-up stress 
is low. If the degree of restraint is great, however, 
transverse stress can become suflicient to cradc the joint 
as was shown in some of the specimens in this test. No 
trepanning was done throughout our experiments to de¬ 
termine residual stress, but it is safe to assume that all 
the as-welded specimens contained longitudinal residual 
stresses of the order of magnitude described in the fore¬ 
going. It was seen that these specimens made of thick 
plate and containing these residual stresses when tested 
at \he relatively low temperature of -t-20® F. where ca¬ 
pable of developing practically the full ultimate strength 
and elongation obtained from a virgin base metal speci¬ 
men, certainly far more strength and elongation than 
the joint could be called upon to develop in a ship. 

Our strain measurements indicate that the metal in 
the joint is flowing plastically while the remainder of the 
specimen is elongating elastically. The addition of trans¬ 
verse locked-up stress caused by external restraint 
resulting from the rigid welding procedure reduced the 
ability to flow plastically and reduced the elongation 
obtained from the short flat specimens as would be ex¬ 
pected. 

In short, all of the foregoing merely points out that 
without severe notches of considerable extent, we were 
not able to set up a state of stress that would cause a 
brittle failure to occur in a welded structure of heavy 
ship plate. To be sure, an approach to this state was 
clearly shown. It follows then that a more drastic 
prevention of flow existed in the actual ship. 

Various factors contributing to this condition would 
be more severe notches, lower temperature and larger 
size of structure. The notches could result from cracks 
occurring during construction or could originate from 
bad design or faulty workmanship. 

. The change from plasticity to brittleness imder a 
notch in steel occurs at some temperature which is a 
function of the sharpness of the notch. The reported 
temperatiu-es of ship failures suggest that a fairly sharp 
notch was responsible. 

In the final analysis, it now appears that it would be 


most logical to search for notch^ when seeking the cause 
of ship failures. 


Conclusions 

The following detailed conclusions may be drawn from 
this test: 

(a) That good strength and dongati^n can be ob¬ 
tain^ from longitudinally welded joints of heavy plates 
in both the angle type and the flat plate type, although 
considerably less elongation occurs in the tee type when 
automatically welded with the deck in the horizontal 
plane. 

(5) That a square type of fracture is practically al¬ 
ways obtained from welded joints pulled longitudinally. 

(c) That the occurrence of a sharp square fracture is 
not an indication of the absence of ductility in the steel. 

(d) That at extreme elongation the welds will crack 
at intervals to accommodate themselves to the greater 
ductility of the base metal without preventing further 
elongation. The Unionmelt welds, while smoo^er than 
the hand welds, perform but Uttle better than the latter. 
Hand welds with the reinforcements grotmd off may be 
slightly superior to those with the reinforcements on, 
but the former crack almost as much as the latter. 

(e) That the tensile properties of the Unionmelt 
weld metal and heat-affected zones when removed are 
very similar to those of the imaffected base metal. 

(f) That the presence of small round blowholes in 
the weld reduces the tensile strength of the welded struc¬ 
ture but little, but may cause considerable reduction in 
its ability to elongate. The latter, however, is not a 
serious practical fault because the strength and elonga¬ 
tion found in the pertinent tests are far in excess of 
that which could ever be utilized in a ship structime in 
service. 

(g) That the careless striking of arcs on heavy plate 
material in cold weather can cause serious local increases 
in hardness which can readily give rise to cracking and 
could conceivably be the start of a ship failure. 

(h) That the plate material cut from an actual failed 
ship still retains almost all of its original ductility. 

(«) That the tee type of joint between the sheer 
stiake and deck stringer should probably not be welded 
with an automatic process because it is difficult, if not 
impossible, to make such a weld that does not contain 
longitudinal cracks. 

(j) That the presence of longitudinal cracks in the 
weld is definitely undesirable, mainly because at places 
they may contain branches which could readily become 
transverse cracks and cause failure of the structure. 

(^) That abrupt changes in section in a structure are 
points of weakness even under static loading because of 
stress concentration and inefficient use of part of the 
metal. 

(I) That even with the short flat welded specimens 
designed to provide lateral tension, it was not possible 
to obtain significant increases in strength accompanied 
by decreases in elongation, although it was possible 
to produce sharp square fractures in almost all cases. 

(w) That stress-relief annealing considerably in¬ 
creased the elongation of both base metal and welded 
joint specimens. 

(n) That joints which have transverse residual ten¬ 
sion through restraint develop less over-all strength 
and considerably less elongation than those which con¬ 
tain primarily residual longitudinal stresses. 

(o) 'That the performance of the large long tensile 
specimens compares favorably with the performance 
of small coupons of the same steel. 
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ip) That the notch-bar toughness of thick mild steel 
plate at —20° F. is naturally low. 

(q) That the notch-bar toughness of the weld and 
welded joint is very similar to that of the base metal. 
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Gas .Evolution in Arc Welding Steels 
and Its Effects Upon the Welding Process 

By Morton C. Smith* 


Abibact 

Gas evolution during the arc welding of steels is discussed on 
the basis of the type and quantity gas liberated, and it is demon¬ 
strated that a large volume of carbon monoxide must normally be 
evolved from molten filler and weld.metal during the welding 
process in air. Evolution of carbon monoxide from the metal is 
then suggested to be the primary cause of metal transfer across 
the arc in vertical and overhead welding, of spatter loss of weld 
metal, of the formation of the welding crater, and of porosity in 
the completed weld. 

Gas Evolution from Steel 

W HENEVER steel is kept molten in an oxidiz¬ 
ing atmosphere for an appreciable period 
and whenever incompletely deoxidized steel 
is allowed to solidify, a certain amoimt of gas is evolved 
from within the metal. The quantities and kinds of 
gases expelled in several processes of this type have been 
the subject of many careful investigations. 

Perhaps the outstanding example of gas evolution 
from molten steel is the vigorous boiling of the bath 
which occms in open-hearth steel making while carbon 
is being eliminated from it in the form of CO. The CO 
is produced by reaction of carbon in the metal with FeO 
also dissolved in the molten steel, the FeO being derived 
primarily from an oxidizing slag. This decarburization 
is accomplished by the reaction C + FeO = CO. + Fe, 
which continues imtil either the carbon or the FeO in the 
metal has been reduced to a very low concentration, or 
imtil the reaction is "frozen” by solidification of the melt. 
However, that the decarburizing reaction is not actually 
complete in the furnace is indicated by extensive evolu¬ 
tion of CO from the metal later as it solidifies in the mold, 
unless it has in the meantime been very thoroughly de¬ 
oxidized—completing removal of one of the essential re¬ 
actants. 

According to Herty,* when the carton content of a 
steel is under about 0.20% and the CO pressure is about 
one atmosphere, the decarburizing reaction continues 
until, at equilibrium, the product % FeO X % C has 
been reduced to 0.010, when CO evolution ceases. How¬ 
ever, it seems very probable that during the solidification 
of steel the reaction may occur, and CO may be evolved, 
when the product of FeO and C concentrations in the mass 
of steel as a whole is actually far below this value. This 
must result primarily from solubility changes in the 
solidifying steel; both FeO and C—particularly the 
former—are rejected by the growing metallic crystals. 
Concentrating in the smrounding melt, they produce, 
locally, concentrations of the reactants sufficient to cause 
CO evolution even when the average content of the mass, 
solid plus melt, is very low in both. Such a view is sup¬ 
ported by the results of Hare, Peterson and Soler,* who 

* Acting Head, Dept, of Metallurgy, Montana School of Mines, Butte. 


developed a method of determining the FeO content of 
molten steel by collecting and analyzing the gases evolved 
when a sample of the metal was allowed to soUdify in the 
end of the sampling pipe. By determining the volume 
of CO expelled and assuming that it represented the 
product of a quantitative elimination of FeO originally 
present by reaction with the carbon of the steel, they 
were able to determine the FeO content of the melt with 
an accuracy equal to that of any- other analytical method 
available—providing only that the carbon content of the 
steel was 0.15% or more. Admittedly, such a quantita¬ 
tive relation does not apply rigorously to steels of lower 
carbon content. That it exists here, however, indicates 
that the elimination of FeO from solidif)dng steels by 
the decarbiu^zing reaction must, in gener^, be sub¬ 
stantially complete imless their carbon contents are very 
low or their solidification is very rapid. 

In arc welding, every effort is made to avoid oxida¬ 
tion of the steel, because of its deleterious effects on weld 
properties. However, even when heavy flux Coatings 
are applied to the electrode, an appreciable oxygen pick¬ 
up* and a considerable decarburization* always occur. 
The increase in oxygen content must, of course, result 
primarily from oxidation of electrode metal crossing^the 
arc, and the decarburization from reaction of the FeO so 
produced with carbon in the metal, to evolve CO. 

From the evidence offered by decarburization, it is ap¬ 
parent that the volume of CO evolved from the metal 
during welding must be surprisingly great. Even when 
heavily coated electrodes are used, up to 20% or more 
of the carbon content of filler metal may be lost in the 
process.* Assume, however, that in a given case weld¬ 
ing reduces the carbon content of the metal only 0.01%. 
Since 1 cu. cm. of steel weighs about 7 gm., the carb^ 
loss amoimts to approximately 0.0007 gm. per cubic 
centimeter of metal. In the form of CO, this amount 
of carbon would occupy a volume of 1000 X 0.0007 X 
22.4 -s- 12 = 1.3 cc. at standard conditions. Evolved 
at the temperature of the metal, say 1600° C. and sub¬ 
stantially atmospheric pressure, its volume would be 
about 9 cc., or nine times the voliune of the metal from 
which it was expelled. Further, on reaching the high 
temperature zone of the arc, the CO would very sud¬ 
denly expand still more—to perhaps 20 or 25 times the 
volume of the metal. The escape and prompt expan¬ 
sion of a gas volume relatively so large must be expected 
to have very definite physical effects upon the weld metal 
itself, and therefore upon the fundamental welding 
process. 

That the case cited is probably a very conservative one 
is indicated by the magnitude of decarburization losses 
frequently encountered in commercial practice, and is 
emphasized by the results of Doan and Schulte,* who 
noted a reduction of 0.032% in the carbon content of 
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electrode metal originally containing only 0.046% C, 
when the weld was made in a perfectly shielded atmos¬ 
phere—argon gas. Here the only possible source of the 
oxygen necessary for decarburization was the wire it¬ 
self, which originally contained 0.036% O, and was re¬ 
duced to 0.012% O in the weld. (Note that here de¬ 
carburization has occurred when the product % FeO X 
% C is originally somewhat below Herty’s value men¬ 
tioned above, and has reduced the product to a value 
far lower still.) When welds are made in air with elec¬ 
trodes of normal carbon content, the concentrations both 
of C and FeO in the molten weld metal must be con¬ 
siderably greater than these. In spite of the decarburiz- 
ing reaction—which also deoxidizes the metal—an in¬ 
crease rather than a reduction in oxygen content during 
welding is normal, and more or less extensive decarburiza¬ 
tion always occurs. Since the carbon can only be 
eliminated as a gas, it is apparent that the wdd metal 
must ordinarily expel to the atmosphere many times its 
own volume of carbon monoxide. 

Just what the physical effects of this gas evolution 
during welding are must depend not only upon the vol¬ 
ume of the gas and the velocity of its escape, but also 
upon the point in the welding process at which it appears. 

Metal Transfer Across the Arc 

Speculation has frequently appeared concerning the 
force which projects electrode metal across the arc dur¬ 
ing vertical and overhead welding, where gravity may 
actually oppose its transfer. It seems probable that the 
primary source of the driving force involved is the 
violent escape of CO evolved within the metal melting 
at the electrode tip, causing miniature explosions which 
project molten metal away from the rod. 

Here again the results of Doan and Schulte, previously 
mentioned, are of interest in indicating that decarburiza¬ 
tion, and the CO evolution which results from it, can 
occur when the only possible source of the necessary re¬ 
actants is the electrode metal itself. When conditions 
are such that the decarburizing reaction is possible—i.e., 
when the C and FeO contents of the solid electrode metal 
are appreciable—the reaction is imdoubtedly instituted 
during melting, when the metal first becomes sufficiently 
fluid for rapid diffusion of the reactants and for escape 
of the gas evolved. The escape and expansion of CO 
so expelled might be expected to explode liquid globules 
hanging on the tip, and thus project molten sted across 
the arc. 

Evidence in support of this view of the mechanism* of 
metal transfer is found in the observations^ that neither 
electrodes of very high purity iron nor of killed steel 
(which has been almost completely deoxidized in cast¬ 
ing) can be used successfully in the overhead position. 
In indicating that an appreciable FeO content in the 
electrode metal is essential to forcible metal transfer, 
this suggests that the decarburizing reaction is re¬ 
sponsible for metal being projected across the arc. Ap¬ 
parently, in metals which are suitable as electrode mate¬ 
rial in this type of service, the decarburizing reaction was 
not complete during original solidification of the steel, 
and C and FeO frozen in the metal at above their equi¬ 
librium concentrations resume their reaction as soon as 
melting of the metal allows them to do so. 

Spatter from the Arc Stream 

Since, as has been noted, decarburization of filler metal 
is not complete during welding, and since oxygen pickup 
in the arc is normal, an appreciable concentration of 


both FeO and C must exist in the electrode metal as it 
crosses the arc gap. It must be expected, then, that the 
decarburizing reaction will always occur to some extent 
during actu^ transfer of the metal, and even after its 
deposition in the liquid pool at the weld. The escape of 
CO resulting from this reaction within the molten glob¬ 
ules explodes them, projecting smaller particles out of 
the arc stream, and so explaining metal loss by spatter 
from the arc. 

Fundamentally, the action here is closely similar to 
that in the familiar spark test, where fragments of steel 
tom from a test specimen by an abrasive wheel are pro¬ 
jected through the air at rather high temperature, and 
explode because of CO evolution within them—to pro¬ 
duce “carbon bursts’’ indicative of the carbon content 
of the metal. Spatter loss of steel from the welding arc 
must, at least in part, result from a type of carbon burst 
in the molten filler metal. 


Sp>atter from the Weld-Metal Pool 

However, it is the author’s observation that most of 
the metal lost by spatter is projected out of the molten 
pool maintained beneath the electrode rather than from 
the arc stream. With steels of normal carbon content, 
this liquid metal boils very vigorously throughout weld¬ 
ing, obviously due to the escape of a gas—presumably 
CO, from the apparent gas volume involved. In view 
of the very short time required for filler metal to cross 
the arc, it is not surprising that much of the decarburi¬ 
zation should occur here, where the metal remains mol¬ 
ten for a period sufficient to allow extensive diffusion of 
the reactants. Furthermore, in the light of earlier dis¬ 
cussions of gas evolution during the solidification of in¬ 
completely deoxidized steels, it is probable that some CO 
evolution would occur at this point even if substantial 
equilibrium had been reached in the metal before it was 
actually deposited. Finally, additional carbon is avail¬ 
able for reaction from melting of the metal being welded, 
and some additional FeO is undoubtedly derived from the 
slag and from direct oxidation of the pool by the atmos¬ 
phere, favoring the decarburization reaction and CO 
evolution by increasing reactant concentrations. 

It is probable, then, that spatter loss of weld metal, 
whether from the arc stream or the welding pool, results 
primarily from CO evolution within the met^ as a result 
of the decarburizing reaction. This is substantiated by 
the notable quietness of the arc and the absence of spat¬ 
ter when welds are made in inert atmospheres from which 
oxygen is excluded, and, in air, with electrodes sub¬ 
stantially free of carbon. (Here, again, the analogy of 
welding to the spark test is of interest. In the absence 
of carbon, the spark of iron in air is quiet and free of 
carbon bursts. In the absence of oxygen, the spark of 
even a high carbon steel shows no bursts.* In the ab¬ 
sence of either reactant, then, the decarburizing reaction 
cannot occur, and a quiet spark—or a quiet arc—results.) 

Crater Formation 

Boiling of the weld metal pool as a result of CO evolu¬ 
tion is probably also responsible for the appearance of 
the welding crater normally noted in the weld metal im¬ 
mediately beneath the arc. This phenomenon, again, 
does not appear when welds are made in oxygen-free 
atmospheres, as has frequently been noted in the work 
of Dr. G. E. Doan and his associates at Lehigh Uni¬ 
versity. Recent experiments by the author using elec¬ 
trolytic iron of extremely high purity have demon¬ 
strated the absence of the welding crater in welds made 
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with carbon-free iron in an air atmosphere, and its re¬ 
appearance when carbon is added to the metal. The 
same effect is noted in arc welds made with nickel or 
Monel metal electrodes and basis plates; when the 
electrodes are used bare or with a carbon-free flux coat¬ 
ing no crater is apparent; when carbon is supplied by a 
carbonaceous electrode coating, normal cratering occurs. 
Since crater formation obviously depends upon the si- 
multan^us presence of oxygen and carbon, it must de¬ 
pend upon their interaction, i.e., oxidation of the C to 
CO. Apparently the escape of CO, evolved by the de- 
carburizing reaction, blows pits into the liquid surface, 
and thermal expansion of the CO as it reaches the arc 
expands these pits into the welding crater as it is usually 
observed. 

When welds are made in air with a series of electrodes 
uniform in carbon content but varying in type and thick¬ 
ness of coating, the depth of crater and the vigor of 
boiling action in the weld metal vary inversely with the 
effectiveness of the coating in excluding air from the arc 
atmosphere. When bare electrodes of normal carbon 
content are used in air, violent boiling is evident, and a 
very deep crater appears. At the other extreme, the 
same electrodes in oxygen-free atmospheres (helium, 
nitrogen,, aigon, etc.) show very quiet melting and de¬ 
position, and no welding crater. 

Even more revealing is a series of welds made in air 
with bare electrodes varying only in carbon content. 
With steels of normal carbon contents, boiling of the 
weld metal is so vigorous that a depression is maintained 
beneath the electrode throughout welding, and persists 
as the usual crater when the arc is’broken and the metal 
freezes. It is apparent that this depression restilts from 
violent escape of gas evolved within the metal and es¬ 
caping from it at the point where it is most fluid—im¬ 
mediately beneath the arc, where its temperatme is 
greatest and its surface tension least. Escape of the 
gas blows the metal aside to form the crater, which is 
further enlarged by thermal expansion of the gas as it 
reaches the siuface of the pool. 

When the carbon content of both electrode and basis 
metal is low, for instance with Page-ARMCO electrodes 
and ARMCO Iron basis plates, boiling of the weld metal 
is still evident, although less vigorous, but no crater ap¬ 
pears diuing welding. The metal pool maintains an 
agitated but almost flat surface, and the crater appears 
only when the arc is broken. Appearance of the crater 
at that time must result from sudden gas evolution as a 
comparatively large volume of metal solidifies very 
rapidly. Earlier in the welding process solidification is 
progressive as the electrode moves, and escape of the gas 
is less sudden and through a more fluid melt. 

Welds made with carbonyl iron of still lower carbon 
content (about 0.008% C) again show no crater during 
welding. When the arc is broken, the surface of the 
metal pool may puff out into a swelling bulge, which 
sometimes pops audibly to permit the escape of the gas 



Fig. 1—Weld Deposit Made in Air with Iron ol High Purity. 
2X 



Fig. 2—Pit in Oxide Scoria from Carbon Analysis. 2 X 


which formed it. Occasionally this terminal bubble re¬ 
mains intact at the end of the solid weld; more com¬ 
monly, however, it persists only an instant, then breaks 
and shrinks back to form a crater of sorts at the end of 
the bead. 

Finally, when welds are made with electrolytic iron of 
very high purity, melting and deposition are surprisingly 
quiet, and no crater ever appears. The surface of the 
welding pool remains flat and boils only slightly during 
deposition, and each bead terminates in a swelling bulge 
rather than a crater—as is illustrated in Fig. 1. If, how¬ 
ever, carbon is added to the iron used as electrode metal 
or to that used as basis metal, or to both, normal boiling 
and the usual crater appear, the intensity of these actions 
depending upon the amount of carbon supplied. (Pre¬ 
sumably, if the metal were absolutely pure and com¬ 
pletely free of dissolved gases, there would be no force 
other than gravity to transfer the metal across the arc, 
no spatter or boiling in the arc or weld metal pool, and 
neither crater nor terminal bubble in the finished bead.) 

It seems ofvident, then, that the formation of the weld¬ 
ing crater depends primarily upon the evolution of CO 
within the weld metal, its escape from the metal to the 
arc atmosphere, and its expansion at the metal surface. 
The other effects previously suggested as primarily re¬ 
sponsible for crater formation—the force of the arc 
stream,* surface-tension gradients in the liquid metal, 
etc.—are undoubtedly important auxiliaries in forming 
the crater, but are certainly not its primary cause. 

That gas evolution, unaided, is physically capable of 
producing a depression of the type noted is indicated by 
Fig. 2, illustrating a common type of pit observed in the 
surfaces of oxide scoriae left in the combustion boat when 
a steel sample has been burned in oxygen for carbon 
anal 5 rsis. The pit is obviously formed by escape of car¬ 
bonaceous gases evolved within the material by a de- 
carburizing reaction after fusion has begun. It is 
similar to the welding crater in all essential respects in¬ 
cluding the t 3 q)ical peripheral ripple marks, and here ai>- 
pears without benefit of an electric arc or the tem¬ 
perature or pressure effects accompanying it. 

Porosity of the Weld Metal 

Formation of a terminal bubble when the arc is broken 
in welding low-carbon iron is graphic evidence that a gas— 
presumably CO—is still escaping from the weld metal as 
it solidifies. With steels of higher carbon content, evi¬ 
dence of the same effect is found in the small pits which 
line the inner surface of the major crater. Porosity in 
the finished weld, then, simply indicates that the escape 
of whatever gas was evolved is not complete when final 
solidification occurs. As might be expected, porosity is 
usually most prevalent in the vicinity of the crater, where 
weld metal solidifies suddenly rather than progressively. 

Any gas available to the arc atmosphere might produce 
this porosity if its solubility is appreciable in liquid steel 
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and diminishes with temperature or upon freezing of the 
metal. However, in view of the large volume of CO 
which must normally be produced within the metal 
during welding and the relatively limited quantities of 
gases other than nitrogen (whose effect seems very slight) 
available to the arc atmosphere, it seems most probable 
that it is again CO evolved primarily by the decarburiza¬ 
tion reaction which is chiefly responsible for this phe¬ 
nomenon. 

Conclusions 


While the evolution of gas from molten steel by the 
decarburizing reaction has not previously been given 
much attention in welding literature, it seems evident from 
the above discussions that it must play an important 
part in the fundamental processes of arc welding steel 
in air. The author feels that leasonable grounds have 
been demonstrated for the belief that CO evolution by 
this mechanism is primarily responsible for forcible 
metal transfer across the arc, for spatter loss of weld 
metal, for crater formation and for porosity of the 
finished weld. While the influence of gas evolution from 
electrode coating materials has not been discussed, it 
seems evident—from the fact that the effects noted are 
most apparent, in general, when the electrode is used 
bare—that the primary effect of electrode coatings is to 
limit the extent of the decarburizing reaction and, there¬ 
fore, to minimize its effects. 

Further re^arch in the evaluation and control of 
oxidation, decarburization and gas evolution in arc 


Reviews of Recent 
Foreign Welding 
Literature 

Editorial Note —The Wdding Research Council is 
unable to obtain current foreign welding literature and 
these abstracts are taken from the Welding Literature Re- 
view published by the Institute of Welding. 

Welded Tubes. Autogene MetaUbearbeitung (no date 
given). 

In an investigation on the effect of hygroscopic flux 
residues on the corrosion-resistance of welded light-metal 
tubes, tubes of two alloys, Polital (aluminum-magnesium- 
silicon) and Duralmnin 681ZB (aluminum-copper-mag¬ 
nesium), were tested. In one series, one end of the tube 
was closed by a rotmd disk of the same alloy welded on; 
in a second series both ends of the tube were closed 
in the same manner. A proprietary flux (melting at 
595° C.) was used with oxyacetylene welding. In order 
to determine the effect of flux left on the work and of 
various means of cleansing, groups of tubes were treated 
as follows: (1) the flux was left on; (2) the flux was 
washed off with water; and (3) the flux was washed off 
with water, the tube pickled in 10% nitric acid and again 
rinsed. The tubes were then exposed in an industrial 
area of Berlin. They were in.the immediate vicinity of a 
gas plant and so placed that they were also exposed to 
soil-containing waste water. After one year the tubes 
pickled with nitric acid showed no visible attack. Where 
the flux was left on or simply washed off with water, there 
was corrosion in varying degree. Both direct chemical 
attack and intercrystalline corrosion took place. No at¬ 


welding is planned as limitations of equipment, time an 
personnel allow. 
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tack of any sort was evident within the closed tubes, from 
which it was impossible to remove the flux residues. This 
is of importance in construction employing closed tubes. 
{Abstracted in Metal Industry, 1944, Sept. 1, p. 133.) 

The Principle, Application and Development of 
Oxygen Cuttino, Ill. (With bibl.) South Wales 
Inst. Eng. Proc., vol. 60, 1944, pp. 71-134. 

The author points out that oxygen cutting provides a 
speedy and versatile method of cutting and shaping steel. 
After a brief reference to the discovery of this process in 
1885, he surveys in detail the chemistry of cutting. The 
properties of ^e most widely used fuel gases employed 
as the preheating medium, viz., acetylene, propane, 
hydrogen, methane and coal gas, are shown in a table. A 
factor of great importance in successful cutting is the 
purity of the oxygen, the high standard of 99.5% being 
maintained by the manufacturers. Tests carried out by 
the author with 99.5% and 98.5% purity oxygen indi¬ 
cated that with the latter it was necessary to decrease 
•the cutting speed by 37% and increase the cutting oxygen 
pressure by 25%. Manual and machine cutting are dis¬ 
cussed, portable and statiohary machines being described. 
Useful instructions are given on the technique of start¬ 
ing cuts, hole piercing, cutting of curved surfaces, cutting 
of structural steel sections, heavy cutting and bevel cut¬ 
ting. Mention is made of underwater cutting, for which 
a special type of blowpipe and nozzle is required. The 
qu^ity of a cut surface is judged principally by smooth¬ 
ness and uniformity of kerf width. Smoothness depends 
largely on the length of “drag,” and to achieve high qual¬ 
ity the drag lines should be dmost vertical. The factors 
affecting the quality of the cut are summarized. The 
effects of mechanic^ and oxygen cutting on the surface 
hardness and microstructure of Vs-in. mild steel are illus¬ 
trated, and the diamond pjrramid hardness numbers tabu¬ 
lated. 
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The Notched-Bar Impact Test* 

By John H. HoUomont 


T he interpretation of notched-bar impact re¬ 
sults has been a matter of controversy since the 
introduction of more or less standard tests by 
Fremont,‘t Charpy* and others at the turn of the cen¬ 
tury. Many investigators*"'* have contributed to the 
understanding of the significance of such tests. Several 
symposiums **• ** have been held with the express pur¬ 
pose of discussing the significance and interpretation of 
the impact tests. It is not the purpose of this paper 
to review all these contributions to the development of 
the knowledge on this subject, but rather to present an 
interpretation of notched-bar impact tests that appears 
to be in agreement with the available published data. 

Fundamentally, the interpretation discussed in this 
paper of the brittle failure of some steels in notched-bar 
impact test is similar to the qualitative analysis pre¬ 
sented by Ludwik* in the 1920’s. Essentially, Ludwik 
stated that the function of the notch was to increase the 
tensile stress necessary for yielding, and that brittle 
failure occurred when the stress necessary for yielding 
exceeded the normal stress required for fracture (with no 
plastic deformation). Ludwik, however, had no means 
6f measuring this normal stress necessary for failure of a 
plastically! undeformed metal, therefore he could not 
extend his interpretation beyond the qualitative stage. 
Kimtze** and recently McAdam** attempted to deter¬ 
mine the effect of deformation on the stress necessary for 
fracture by testing, in tension, specimens notched to 
various depths and angles. Because of the uncertain¬ 
ties in Kuntze’s (and McAdams’s) analysis of the stresses 
(which have been pointed out by Sachs**) and the inher¬ 
ent nonuniformity in the stress distribution- in notched 
bars, the results of such investigations are difficult to 
interpret. A more direct method of measuring the ef¬ 
fect of deformation on the fracture stress was suggested 
in previous papers*^-** and has been utilized in the 
present investigation. 

The present paper concerns itself primarily with the 
behavior of notched impact specimens. The effects of 
strain rate, temperature and stress distribution, which 
are discussed with reference to the impact specimen, 
apply just as well to the behavior of metal at the bases o4 
notches in any engineering structure. All that is neces¬ 
sary is to determine the stress distribution in the struc¬ 
ture at the base of the notches. An impact specimen 
may be considered nothing more than a simple engineer¬ 
ing structure. 

The purpose of the present study is accomplished by 
correlating the results of the impact tests with those of 
tensile tests obtained at various low temperatures and 


* Trcnsaelions Amtrican Intlilute of Mining and Mttallurgical Enginetrs, 
Iron & Steel Division. 158, 298-327 (1944). 

The statements or opinions in this article are those of the author and do not 
necessarily express the views of the Ordnance Dept. Published by permis¬ 
sion of the War Dept. Manuscript received at the office of the Institute Oct. 
7,1943. 

t First Lieutenant, Ordnance Dept., U. S. Army, Watertown Arsenal, 
Watertown. Mass. 

t References are at the end of the paper. 

I Throughout this paper "fracture strength of the undeformed metal” 
refers to a metal piastieaUy undeformed or plaiHcally deformed to a very small 
strain. 


high Strain rates. -..Tensile results of two steels are used 
simply as examples to illustrate the effects of the vari¬ 
ables of impact tests. Before correlation of these tensile 
and impact properties is possible, it is necessary, how¬ 
ever, to review briefly the distribution of stresses at the 
bases of sharp notches. 

Notched-bar Specimens 

State of Stress 

The distribution of stresses in notched bars has been 
discussed in some detail by Neuber** (circular bar with 
hyperbolic notches), by Frocht*" (circular bars with U- 
shaped notches), by Coker and Filon** (square bars with 
V and keyhole notches), and by McAclam and Mebs.** 
The state of stress below a notch in a cylindrical test bar 
under tensile stress is described schematically in Fig. i. 
In this figure, Xx refers to the longitudinal tensile 
stress, which is maximum at the base of the notch; Z, 
refers to the circumferential (tangential) stress; and T, 
refers to the radial stress, which must necessarily be zero 
at the surface of the notch. The state of stress de¬ 
scribed in this figure for a cylindrical notched bar in 
tension is similar to that found just below the center of 
the notch in bending.* 

According to the Von Mises viewpoint (p. 172 of ref. 
24), yielding occurs when the shear strain energy is equal 
to a critical value. The shear-strain energy is given by 
the following relation: 

Ux = [{Xx - Y,y + (F, - ZxY + (Z, - Xxy]/12G (1) 

where Xx, Yy and Z* are the three principal stresses and 
G, the modulus of rigidity. The variations of shear- 
strain energy with depth below the notch is also repre¬ 
sented schematically in curve U„ Fig. i. According 
to the Mohr viewpoint (p. 173 of rrf. 24), yielding occurs 
when the maximum shearing stress reaches a critical 
value. The maximum shearing stress (one-half the 
difference between maximum and minimum principal 
stresses) will vary with the depth below the notch in 
nearly the same fashion as the shear strain energy. 

The Von Mises criterion for yielding is the more 
nearly correct for most metals, with the notable excep¬ 
tion of steels that have a drop of load at yielding, which 
probably obey the Mohr hypothesis. Thus, in general, 
yielding will occur when the maximum shear-strain 
energy reaches a critical value. In the notched bar. 
this energy is a maximum at the very base of the notch, 
and falls off sharply just below the notch. It may be 
that this sharp gradient in shear-strain energy (or in 
maximum shearing stress) requires a higher critical 
value for yielding than would a uniform distribution 
of shear-strain energy (p. 203 of ref. 24). Since this effect 
has not been investigated and cannot be evaluated at 
this time, the study of the notched bar will be con¬ 
fined to other factors, which can be discussed qualita¬ 
tively at least. 
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Ii9* 1—Variation of State of Streas Across Notched Cylinder in 
Tension. (After Gensamex*) 

Xt >• longitudinal stress; Z, ~ radial stress; — trans¬ 
verse (or circumferential) stress; U, » shear-strain energy. 


Directly below and at the surface of the notch, the 
radial stress is zero, and the expression for the shear- 
strain energy reduces to: 

u. = [(X, - + zy -b xy ]/i2G (3) 

In the absence of the transverse stress (in the case of 
simple longitudinal tension) the shear-strain energy is 
given by: 

U, = 2X,yi\2G (4) 

where A”,, is the longitudinal tensile stress in the ab¬ 
sence of other principal stresses. 

Since yielding will occur for a given value of t/„ the 
relation between the stresses at yielding for these two 
cases may be derived directly from Equations 3 and 4: 




where the superscript ' refers to the stress at yielding. 
If the ratio of the r^ius of the notch to the bar width is 
sufficiently small so that the tmstressed mass in the 
shoulder of the specimen completely prevents the mate¬ 
rial from the additional contraction, which should ac¬ 
company the increase in longitudinal stress at the 
base of the notch, the transverse stress at the midwidth 
of the bar at the base of the notch will be given approxi¬ 
mately by Equation 6 (see Appendix A for derivation): 

Zt = a{b — 1)7 ( 6 ) 

where <r is Poisson’s ratio, b, the stress-concentration 


The sharper or the deeper the notch, the greater will 
be all of the principal stresses just below th 6 base of the 
notch, for a constant notch angle. The magnitude and 
the gradient of the shear strain energy (or maximum 
shear stress) will also increase as the principal stresses 
become more concentrated if the rest of the geometry and 
the applied load are constant. The quantitative effect of 
increasing the depth and radius of the notch on the con¬ 
centration of the longitudinal tensile stress at the base 
of a V-notch in a Charpy test bar is presented as Fig. 2 
(derived from the data of Coker and Filon**). The stress 
concentration factor h is defined as the ratio of the maxi¬ 
mum longitudin^ stress at the base of the notch to the 
average stress in the unnotched section. This relation 
between h and the sharpness of the notch may be ap¬ 
plied to the case of bending to a good approximation, 
if the ratio of the depth of the notch to the height of the 
test bar is small.* As the notch becomes deeper, the 
notched area decreases and the average stress beneath 
the notch becomes greater. Thus even though the 
stress concentration factor as defined above increases as 
the notch is made deeper, the gradient in longitudinal 
stress beneath the notch may decrease. 

As the ratio of the depth of the notch to its radius in¬ 
creases, the ratio of the maximum longitudinal stress 
to the average longitudinal- stress increases. The 
elastic strain rate at ^e base of the notch is given by: 

i (2) 

where e is the elastic strain rate at the base of the notch, 
b the stress concentration factor and cq the elastic strain 
rate in the unnotched section. 


* It should be noted tbst the discussioo of the stresses et the bue of tbe 
notch are of s semiqusntitative nature. The stress distribution will be af¬ 
fected b^ the elastic waves set up by the impact. 
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Fig. 2—Effect of Notch Depth and Shaipneea on Longitudinal 
Tenaile Stress at Base of Notch (for V-Notch Charpy Bar). 
(After Coker and Filon*‘) 
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factor and 7 the average longitudinal stress in the un¬ 
notched section. Combining Equations 5 and 6 : 

since 

X, = by 

For the case of no lateral contraction, due to the con¬ 
centration of the stress, the increase in yield strength 
due to the presence of this transverse stress is plotted 
in Fig. 3 as a function of the stress-concentration factor. 
For the standard** Ch^y impact test specimen with a 
V-notch of 0.01 in. radius, the stress-concentration factor 
is about 5 (Fig. 2) and the increase in yield strength is 
nearly 11 %. 

* As the ^dth of the bar increases, or the radius of the 
notch decreases, the restraint to transverse contraction, 
and thus, the transverse tensile stress, increases. The 
variation of the transverse stress at the base of the notch 
and at the center of the bar with this ’ratio is presented 
in Fig. 4 (see Appendix A for calculations). For values, 
of the ratio of notch radius to bar width bdow about Vio 
the transverse tensile stress is very nearly equal to its 
maximiun value. At the surface of the bar on its sides, 
the transverse stress must necessarily be zero. 

Hiis discussion of the effect of the transverse stress 
tacitly assumes that the material does not have a trans¬ 
verse curvature during the elastic deformation, which 
would relieve the transverse stress. In notched-bar 
impact specimens, the inertia of the material probably 
aids in reducing this curvature. 

From these considerations, the primary effects of the 
notch in a square bar during bending may be sum¬ 
marized: 

1. The longitudinal tensile stress at the base of the 
notch is increased. The concentration of this stress 
depends upon the ratio of the depth of the notch to its 
ra^us for a constant form of notch. 





Fig. 3—Effect of Str«M Concentration Factor on Tensile Stress 
Necessary for Yielding 
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Fig. 4—Effect of Varying Notch Radius and Bar Width on Trane* 
verse Stress at Base of Notch 


2. The elastic-strain rate at the base of the notch is 
^eater than the strain rate in the unnotched section and 
IS equal to the stress-concentration factor multiplied by 
this strain rate. 

3. The notch introduces a sharp gradient in the 
shear-strain energy just below the not^. 

4. Because of the presence of a transverse tensile 
stress, the longitudinal tensile stress necessary for yield¬ 
ing is increased. The magnitude of this increase will 
depend on both the stress-concentration factor and the 
ratio of notch radius to bar width. The maximum 
possible increase is about 12% (Fig. 3). The effect 
on the transverse stress of changing the ratio of radius 
of notch to width of bar is very small except for the large 
values 0 Vio) of the ratio. 

Types of Test Specimens 

There are certain min or differences in the various 
standard type impact-test specimens. The square Izod 
test bar wi^ a V-notch pl^d slightly away from the 
middle of the length of the bar is used rather generally 
in Great Britain, and both the square' and round bars 
are used to some extent in this country. In the testing of 
this type of specimen, the bar is clamped at one end and 
struck on the notch side at the other end. This method 
of loading produces an asymmetrical stress distribution 
at the base of the notch.*^ This asymmetry will depend 
also upon the stresses set up by the clamp. Since, in the 
testing of ductile materials with this type of specimen, 
complete fracture of the specimen does not always occur, 
it is often difficult to compare the results of the impact 
tests. 

In the United States, the standard Charpy test bar 
with a keyhole notch has been used more generally, 
since it is believed that more reproducible values of the 
impact energy are obtained. The Charpy specimen has 
the addition^ advantage of facilitating low-temperature 
tests. The Charpy test is performed by placing the 
test specimen loc^ely on a platform between two sup¬ 
ports at its ends. The impact is accomplished by a 
p^dulum striking on the side opposite the notch at the 
mid-length of the bar. In this method of testing, the 
asymmetiy of the stress distribution inherent in the Izod 
test is avoided and fracture usually occms even for the 
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Fig. 5—Effect of Equivalent Strain Rate on Tensile Properties of 
Typical Steel 

most ductile material. Since the standard keyhole- 
notch specimens are of such size that the maximtun en¬ 
ergy required to fracture very ductile steel specimens is 
only about 40 to 50 ft.-lb., small differences between 
materials are sometimes difficult to determine. Further¬ 
more, very little careful analysis of the stresses at the 
base of the keyhole notch as a function of the specimen 
geometry has been attempted- 

Many investigators have modified the Charpy speci¬ 
men by using a V-notch rather than a keyhole. This 
specimen has the advantage that the maximum spread 
between very ductile and brittle steels is of the order of 
magnitude of 100 ft.-lb.; and, it is believed that small 
differences in materials are therefore more readily dis¬ 
tinguishable. Furthermore; more attention has been 
paid to the study of the variation of geometry of the 
test bar for this type of specimen and the effects of vari¬ 
ables are more readily understandable. 

Although this paper concerns itself primarily with V- 
notch Charpy test specimens, it is believed that the 
interpretations apply in a general manner to any type of 
impact specimen. 

Relation Between Tensile and Notched-Bax Imp>act 
Properties 

Since the notched-bar impact test is characterized 
by high strain rates at the base of the notch and often is 
p^ormed at temperatures below room temperature, it 
is necessary to determine the effect of these variables 
on the normal tensile properties of at least some typical 
metals, in order to interpret the properties observed in 
notched-bar impact tests. 

Physical Properties in Tension 

By a technique (p. 26 of ref. 24), based upon the 
assumption of an equivalence between the effects of 
decreasing temperature and increasing strain rate on the 


mechanical properties of metals, the tensile properties 
of several t^cal steels have been determined at high 
(equivalent) strain rates. This technique assumes that 
the strength of metals is related to the temperature, 
strain rate and strain in the following manner: 

5 - 5 ,(*) ( 8 ) 

in which 

p = eefl/sT 

and ,5 is some measure of the strength of the material; 
c, the str^; e, the strain rate; Q, a heat of activation 
characteristic of the material; R, the gas constant, and, 
T, the absolute temperature of testing. After deter¬ 
mining the constant Q for a particular material, and for a 
given range of strain rate and temperature, the isothermal 
tensile properties at various rates of strain and at various 
temperatiues may be determined by the equivalence. 
The properties .of several steels have been obtained in 
this fashion as a function of equivalent strain rate.* 
Since the stress at a given strain is a ftmction of p, the 
properties of the material will be the same for any value 
of ffie strain rate and temperature at which ^ is a con¬ 
stant. Thus, the effects of high strain rates may be ob¬ 
tained at room temperature for a given material by 
determining Q and then performing tensile tests at vari¬ 
ous low temperatmes. 

The results of these experiments have been described 
dsewhere^^' in detail, but the main features will be 
reviewed. Specimens from a Cr-Mo-V casting con¬ 
taining 0.25% C were heat treated in two groups: the 
first was air cooled from above the critical temperature 
and the second was water quenched. Both sets of 


* The "equivaleat strain rate” is defined as the strain rate that will produce 
at a given temperature (in this case, room temperature) the same properties 
that were measured at a small actual strain rate at some lower temperature. 



Fig. 6—Effect of Prior Deformation on Fracture Stren at —190^ 
C. (Air-Cooled Steel) 
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specimens were tempered to about the same yield 
strengths. All the tensile and impact data were ob¬ 
tained on these specimens. The effect of equivalent 
strain rate on the isothermal* tensile properties for these 
two sets of specimens is presented in Fig. 5. 

The fracture strengths represented by solid lines in 
this figure are those measured after various amounts of 
plastic deformation. The stress required to fracture a 
metal may vary, however, with the amount of plastic 
deformation before fracture. Such an effect was sug¬ 
gested some years ago by Ludwik.* Kuntze,** and re¬ 
cently McAdam,** have attempted to measure the effect 
of d^ormation by testing tensile specimens notched to 
various depths and angles. This technique is imcertain 
because of the difficulties in determining the stress 
in the plastic range at the bases of the sharp notches. 
In a previous paper, a more direct method for finding 
the effect of deformation was suggested and some pre¬ 
liminary results presented. This method, however, is 
applicable only to metals that in tension break brittlely at 
some temperature. Specimens taken from the steel cast¬ 
ing already described were heat treated by air cooling 
followed by tempering to very nearly the same yield 
strength as the air-cooled set of specimens whose tensile 
properties are described in Fig. 5. These specimens were 
deformed plastically by various amoimts at room tem¬ 
perature and then broken, with little further deforma¬ 
tion, at —190° C., and their fracture stresses were meas¬ 
ured. By this method, the effect of prior deformation 
upon the fracture stress was obtained. The results are 
plotted in Fig. 6. With increasing plastic deformation, 
the fracture stress increases. 

If the assumption is made that the increase of frac¬ 
ture stress with deformation is independent of the tem¬ 
perature at which the deformation occurs, the fracture 
stress of the undeformed metal may be determined as a 
function of equivalent strain rate. For each value of 
equivalent strain rate, the reduction of area may be 
obtained from Fig. 5 and its effect in increasing the frac¬ 
ture stress determined from Fig. 6. The fracture strength 
of the undeformed metal has been determined as a func¬ 
tion of equivalent strain rate by subtracting from the 
measured fracture stress, the increase in stress brought 
about by deformation. The variation of the fracture 
strength of the undeformed steel obtained in this manner 
with the equivalent strain rate is plotted as the dashed 
line in Fig. 5. The logarithm of the fracture strength 
of the undeformed metal and the logarithm of the yield 
strength increase linearly as the logarithm of the equiva¬ 
lent strain rate increases. The fracture strength rises 
less rapidly than does the yield strength, and brittle 
failure occurs when the two straight lines intersect. 

It is not possible, with the technique described above, 
to determine the effect of deformation on the fracture 
strength of the steel that does not break brittlely in the 
tensile tests in the range of temperature employed. 
It is only possible to conclude that since this material 
did not break brittlely in the range of temperature and 
strain rate investigated, the yield strength does not ex¬ 
ceed the fracture strength of the undeformed steel. 
Fiu-thermore, it may be inferred that since the decrease in 
deformation at high equivalent strain rates does not re¬ 
flect itself in a decrease in fracture strength, deformation 
has little effect on the fracture strength. 

Impact Properties of Air-Cooled Steel 

It is now possible to attempt a correlation of the ten¬ 
sile and impact properties of these typical steels. The 


* In discussing the general fentures of notched-bar impact tests, the iso¬ 
thermal tensile properties will suffice for most purposes even though the adia¬ 
batic stress-strain curves may be approximately calculated. 



Fig. 7—Effect of Decreasing Temperature on Tensile Propertiee 
of a Typical Steel at Strain Rate of 10* Sec.-^ (Air-Cooled 
Specimens) 


first effect that must be considered in the notched-bar 
impact test is that of strain rate. For the case of the 
standard V-notch Charpy bar of 0.01 in. radius of notch, 
the average strain rate can be calculated from Appendix 
B to be 120 sec."‘* For the V-notch Charpy bar under 
consideration, the ratio of the depth of notch to its 
radius is 8, and from Fig. 2, the stress-concentration fac¬ 
tor b is foxmd to be approximately 5. The elastic strain 
rate at the base of the notch, therefore, is equal to about 
600 sec.“‘, or lO*-* sec.“* or approximately 10* sec.“* 
The effect of temperature at a strain rate of 10* sec.“* 
on the tensile properties of the air-cooled and tempted 
specimens has been derived from Fig. 4 by utilizing the 
equivalence of the effects of strain rate and temf>erature. 
The effect of decreasing the temj>erature at this strain 
rate on the fracture and yield strengths is illustrated by 
the dashed lines in Fig. 7. The solid line illustrates the 
variation of the fracture strength of the imdeformed 
metal with decreasing temperature. At this strain rate, 
this steel should break brittlely at —170° C. Therefore, 
this steel when deformed in simple longitudinal tension 
at a strain rate of 10* sec.“‘ should be ductile at all tem¬ 
peratures above —170° C. 

In a notched-bar impact bend test, however, the 
longitudinal tensile stress necessary for yielding is raised 
by an amount depending upon the magnitude of the 
transverse stress. As was noted in a previous section, 
the increase in longitudinal stress necessary for yielding 
(for the V-notch Charpy specimen) due to this effect 
is 11%. The effect of this increase in yield strength upon 
the impact properties is illustrated in Fig. 7. (For the 
case of the standard V-notch Charpy impact test speci¬ 
mens, the ratio of radius of notch to width of bar is so 
small (Vjo) that the transverse stress is very nearly 
equal to the maximum value consistent with, the stress- 
concentration factor.) 

For the case of the standard V-notch Charpy speci¬ 
men, the yield strength will equal the fracture strength 
of the undeformed steel at about —40° C., and brittle 
failure will occur at that temperature. If the ratio of 
notch radius to bar width is made larger, the transverse 
constraint is less, and brittle failure will occur at a lower 
temperature. 

It is now possible to describe in detail how the energ>’ 
required to fracture notched-impact test specimens of this 
material will depend upon temperature. A schematic 


* often referred to as inch per inch per second. 
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description of the impact properties of this type of steel 
in terms of the tensile stress-strain curves is presented 
as Fig. 8. Curve 1 represents the stress-strain curve (or 
flow cxirve) obtained at ordinary testing speeds at room 
temperature and Curve A describes the variation of the 
fracture strength with strain. At the intersection of 
these curves, plastic deformation is terminated and failure 
results. As the strain rate is increased, both curves 
rise, the flow curve more rapidly than the fracture- 
strength curve. It has been shown^^ that the plastic-flow 
curve shifts upward very nearly parallel to itself and’for 
the purposes of this discussion it is assumed that the 
fracture-strength curve does also. The effect of the 
transverse stress in transferring from the tensile speci¬ 
men to the notched specimen is to shift the entire flow 
curve upward,* thus decreasing the strain before fracture 
(intersection of Curves 3 and B). As the temperature is 
decreased, the fracture-strength curve shifts upward 
more slowly than the flow curve and the amount of 




F 19 . 9—Effect of Temperature on Notched-Bar Impact Energy 
(Derived) 


fracture decreases rapidly to about —40° C., at which 
temperature brittle f^ure occurs. 

The variation of impact energy with temperature for 
steel specimens heat treated in the same fashion as the air¬ 
cooled tensile specimens is presented in Fig. 10. The 
impact specimens were of the V-notch Charpy t 3 rpe hav- • 
ing a 0.01-in. notch radius. The impact energy de¬ 
creases sharply with decreasing temperature below 
20° C. and b^omes equal to zero (3 to 4 ft.-lb.)* at about 
—40° C. Below—40° C. the entire fracture was char¬ 
acterized by the so-called crystalline appearance. Above 
— 40° C., a very small layer of material just below the 
notch evidenced some plastic deformation before frac¬ 
ture; but the major portion of the fracture was of the 
crystalline type. 

For some steels that undergo a transition from ductile 
to brittle t type of fracture, transition-zone fractures are 
observed with an area in the center, which is char¬ 
acterized by crystalline (indicative of a nonductile 
fracture) appearance suiroimded completely by mate- 


deformation before fracture decreases rapidly until the 
yield strength becomes equal to the fracture strengtli of 
the undeformed metal at the temperature of brittle 
failure. 

This discussion in essence assumes that the fracture 
of the entire specimen is determined by the original notch. 
Above the temperature of brittle failure, however, the 
metal just below the notch may fail in a ductile manner 
with the formation of a crack. Since this crack may be 
very sharp, the material below this new notch may fail 
brittlely (p. 148 of ref. 13) because of the increase in 
strain rate and transverse stress due to the sharper notch. 
This progressive increase in depth and sharpness of the 
notch will further contribute to the rapid decrease in 
impact energy, as the temperature is decreased to that at 
which the entire bar breaks brittlely. 

The schematic variation in impact energy for V-notch 
impact specimens as deriyed from Fig. 8 is presented as 
Fig. 9. As the temperature is decreased below room tem¬ 
perature for this air-cooled steel, the energy necessary for 

* It is assumed that the transverse stress has no effect on the fracture curve. 
This viewpoint is consistent with the data now available, even though there 
is at present no direct experimental evidence to confirm the assumption. The 
effect previously noted** of the transverse stress in reducing the fracture 
strength may now be explained by the decrease in deformation which accom- 
pMuiies the imposition of the transverse stress. 


*ActuaIly. it takes about 2 to 3 ft.-Ib. to knock the specimen off the anvil. 

I Brittle fracture herein is considered to mean that the specimen breaks with 
y the absorption of elastic energy. 
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Fig. 11—Effect of Decreani^ TemMiatute on Tendle Proper¬ 
ties of a Typical Steel at main Rate of 10* Sec.-^ (Water- 
Quenched and Tempered Specimens) 


rial that has suffered deformation. Just above the tern- 
perature for complete brittle failure, the material just 
beneath the notch does not break brittlely because its 
yield strength is below the fracture strength of the unde- 
formed material. Since at the sides of the specimen the 
transverse stress must necessarily be zero, the yield 
• strength will be below the fracture strength. Since the 
bottom side of the specimen undergoes deformation as the 
specimen fractures, its fracture strength is raised and 
brittle failure is prevented tmtil a lower temperatme is 
reached. The very center breaks brittlely because the 
strain rate and transverse stress, and consequently the 
yield strength, are raised by the formation of a sharp 
crack. Brittle failure of the entire bar does not occur 
until the tempierature is reached at which the sharpness 
of the original notch is sufficient to raise the 3 neld strength 
to the fracture strength of the undeformed metal. An 
exact discussion of the mechanism of failure at the base 
of the very sharp "natural” notch is extremely difficult. 
Some of the complexities have been pointed out pre¬ 
viously.** 

Impact Properties of Water-Quenched Steel 

The effect of decreasing temperature on the tensile 
properties of water-quenched and tempered steel at a 
strain rate of 10* sec.“* is plotted in Fig. 11. Since this 
material does not break brittlely in the tensile test, it is 
not possible to determine the effect of deformation on the 
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Rg. 12—Effect of Decreuing Tei^erature on Notched-Bar Im¬ 
pact Energy (Derived) (Water Quenched and Tempered) | 


fracture strength; therefore it is impossible to determine 
the fracture strength of the undeformed material. 

The solid line of Fig. 11 represents the variation with 
temperature of the longitudinal stress necessary for 
yielding at the base of the notch. On the assumption 
that there is little effect of deformation on the frac¬ 
ture stress (or even assuming the same effect of defor¬ 
mation as for the air-cooled steel) brittle failure will not 
occur for this material down to at least —170® C. at 
this strain rate. The difference between the yield and 
fracture stresses gives a measure of the amount of de¬ 
formation* that will occur at each temperature. As¬ 
suming that the deformation is isothermal and, there¬ 
fore, that Fig. 11 applies directly to the impact test, the 
variation of the impact energy will be given schemati¬ 
cally by the full line of Fig. 12. The sudden decrease in 
fracture stress at or slightly below-room temperature 
(at a strain rate of 10* sec.“*) cannot at present be ex¬ 
plained. Since a large amount of deformation occurs 
before failure and the deformation is essentially adiabatic 
at the strain rates that occur in the Charpy test, the 
temperature of the material will rise during the deforma¬ 
tion and the fracture-strength curve shown in Fig. 11 



will be shifted toward lower temperatures. The extent 
of this shift can be calculated*^ approximately. How¬ 
ever, for the present purposes, it is sufficient that the 
sharp drop occurs at a somewhat lower temperature 
than would be predicted from the isothermal properties 
(dashed line of Fig. 12). 

The actual Charpy test results are presented in Fig. 13 
for this material. The sharp drop occurs at about 
—40° C. and thereafter the ener^ decreases only slightly 
with decreasing temperature.* (For other similar mate¬ 
rials, it has been found that this very slight decrease con¬ 
tinues to —190° C. No information has been obtained 
for lower temperatures.) The fact that brittle failure 
does not occur in the range of temperature investigate! 
for this type of material lends credence to the assump¬ 
tion that the effect of deformation on the fracture 
strength is small and that the separation between the 
yield and fracture strengths of the undeformed metal is 
large. 

The notched-bar impact energy for metals that do not 
break brittlely at low temperatures should decrease with 
temperature more rapidly than would be predicted from 
a consideration of the areas under the tensile stress-strain 
curves at the significant temperatures and strain rates. 
This more rapid decrease in energy can be accounted for 
only if the volume of the metal siffiering deformation 


* This will also depend on the exact shape of the stress.strain curve. 
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decreases as the temperature is lowered. As has been 
indicated in the previous discussion concerning water- 
quenched steel, the ductility decreases slightly and the 
strength increases markedly as the temperature decreases. 
This decrease in strain before fracture will effect a de¬ 
crease in the amount of metal below the notch that 
suffers deformation, and consequently a further reduction 
, in the energy absorbed. 


Effect of Variables of Impact Test 
Radius of Notch 

Changing the sharpness of the notch by varying its 
radius of curvature (while maintaining the rest of the 
geometry constant) changes both the strain rate and the 
transverse stress. If, however, the ratio of notch radius 
to bar width is less than about Vio (^1?* fbe 

stress-concentration factor is above about 2.5 (Fig. 3), 
the principal effect of varying the radius will be to change 
the strain rate. If a/r bewmes greater than ^/lo or b 
less than 2.5, changing the notch radius will change the 
transverse stress and, consequently, the longitudinal 
stress necessary for yielding. 

For a steel that breaks without deformation in an im¬ 
pact test, the relation between the strain rate and tem¬ 
perature at which brittle failure occurs will be given 
(see Equation 8) by the following equation: 

Pa = (9) 

where Pa is a constant and the subscript B refers to 
brittle failure. Since the effects of strain rate and tem¬ 
perature are equivalent, fracture without deformation 
will occur at a combination of these two variables at 
which Equation 9 is satisfied. 

Combining Equations 9 and 2, the relation between 
the stress-concentration factor and the temperature at 
which brittle failure occurs is found: 

PB = (10) 

Since the average strain rate depends only upon the 
speed of the impact and the size of the test bar, if these 
variables are kept constant the relation between the 
stress-concentration factor and the temperature at 
which brittle failure occurs may also be written as: 

In 5 b = + X (11) 

where 2C is a constant. Thus the logarithm of the stress- 
concentration factor will be a linear function of the re¬ 
ciprocal of the absolute temperature. This relation, 
however, will be valid only imder the conditions of 
testing in which the variations necessary to produce 
changes in the stress-concentration factor do not also 
appreciably change the longitudinal stress required for 
yielding. 

The effect of notch radius (for a constant depth of 
notch) has been investigated by Gagnebin and Arm¬ 
strong.*® These investigators measured the impact en¬ 
ergy as a function of temperature for V-notch Charpy 
specimens having various radii of curvature at the bases 
of the notches. From these results for each radius of 
notch, the temperature at which brittle failure* occurs 
was determined and the value of the stress-concentration 
factor for each radius was obtained from Fig. 2.* From 
these data, the logarithm of the stress-concentration 


* It was assumed arbitrarily when the impact energy had decreased to 40 
ft.-Ib. that brittle failure bad occurred (any value of the^energy would have 
sufficed). 


factor is plotted in Fig. 14 as a function of the reciprocal 
of the absolute temperature of testing, for a plain carbon 
and a nickel steel. For stress-concentration factors 
above about 2.5(r/w < */io) the logarithm of the stress- 
concentration factor is approximately a linear ftmction of 
the reciprocal of the absolute temperature, indicating 
that the principal effect of changing the radius is to 
change the strain rate at the base of the notch in accord¬ 
ance with Equation 11. For stress-concentration factors 
below 2.5(r/u' > Vio) the effect of increasing the radius 
of the notch is very much greater. In this range, in¬ 
creasing the radius of the notch will decrease the trans¬ 
verse stress* and the longitudinal stress necessary for 
yielding and, therefore, reduce the temperature of brittle 
failure. 

The effects of varying the radius of the notch in impact 
bend tests can now be summarized: 

1. If the ratio of radius of the notch to the width 

of the bar is below about Vio« stress-concentra¬ 

tion factor is above about 2.5, the principal effect of 
vaiying the radius will be to change the rate of strain. 

2. If the ratio of the radius of the notch is above 
about */io, or the stress-concentration factor below 2.5, 
increasing the radius of the notch will decrease both the 
strain rate and the longitudinal stress necessary for yield¬ 
ing. 

These results will apply to any type of impact test 
bar, even though the disct^on was restricted to V-notch 
test bars. 

Impact Velocity 

If the geometry of the test specimen is kept constant, 
the elastic strain rate may be varied by changing the 
impact velocity. The effect of increasing the strain rate 


* There are two teparate eSects, one brought about by the change in stresa- 
concentration (actor (Fig. 3) and the other through changes in constraint 
(Fig. 4). 
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Fig. 14—Efiect of Changing StroM Concentration Factor (by 
Changing Radius of Notch) on Temperature of Brittle Failure. 
(From Data of Armstrong and Gagnebin**) 
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Fiy. 15—Effect of Impact Velocity on Temp>erature of Brittle 
Failure, Unnotched Specimen*. (After Witman and Stepanoff*) 


will be to bring the yield and fracture strengths closer 
together. If the material breaks brittlely, the relation 
between the temperature and the velocity of impact for 
brittle failure may be derived directly. Since the aver¬ 
age elastic strain rate is proportional to the velocity of 
impact (Appendix B), Equation 10 becomes: 

K = 
or 

In Kb = -Q/RTb + In X (12) 

where iC is a constant, K* the velocity of impact and Tb 
the absolute temperature at which brittle failure occurs. 
Thus for brittle failure the logarithm of the impact 
velocity should be a linear function of the reciproc^ of 
the absolute temperature at which brittle failure occiu^. 

The results of experiments performed by Witman and 
Stepanoff* are presented as Fig. 15 to illustrate this linear 
relationship. As the velocity of impact increases, the 
temperature at which brittle failure occurs rises in agree¬ 
ment with Equation 12. 

The effects of velocity of impact may be summarized: 

1. Changing the velocity of impact changes the 
yield and fracture strengths and the difference between 
them. The exact dependence of the tensile properties on 
speed 4epends upon the type of metal. 

2. If a metal breaks brittlely, the relation between 
the impact velocity and temperature at which brittle 
failure occurs is given by Equation 12. 

Width of Bar 

Varying the width of test bar, of course, will change 
the total volume of material affected by the deformation, 
and, therefore, the energy necessary for fracture. For 
a ratio of notch-radius to bar width less than about Vio 
the primary effect of increasing the test bar is to increase 
the mass of the specimen. For ratios of r/iv greater than 
about */ 10 , ckcreasing the width of the bar ^1 decrease 
the transverse stress and concommitantly decrease the 
longitudinal stress necessary for yielding. The effect 
of varying the width of the impact specimen has been 
the subject of controversy since Moser*® first published 
his results, in which he showed that for a certain steel 


and a certain test bar geometry increasing the width of 
the test bar had the surprising effect of decreasing the 
energy necessary for fracture. The results of Moser’s 
experiments are illustrated in Fig. 16. For slow tests, 
the energy necessary for fracture increases uniformly with 
increasing width. For the “impact” tests, the energy 
increased to a width of about 2.5 cm. and then the im¬ 
pact energy decreased sharply and the failure changed ^ 
from the fibrous or ductile type to the crystalline or brittle 
type. For the smallest bar of Moser’s experiments, the 
ratio of notch radius to bar width was ^/i. (Keyhole 
notches of 0.25 cm. radius.) Increasing the width of the 
bar, therefore,' increases the transverse stress. For a 
bar 1 era. wide, the longitudinal stress necessary for 
yielding was not equal to its maximum value, for the 
transverse stress was less than its maximiun. Brittle 
failure for this case would occur at a low temperature* 
(see Fig. 7). As the width of the bar increases, the trans¬ 
verse stress and consequently the yield strength in¬ 
creases and brittle failure will occur at a higher and 
higher temperature. Since the maximum increase that 
can be affected in the longitudinal stress necessary for 
yielding is about 12% (for b > 2.5) if the separation of 
the yield strength and fracture strength of the unde¬ 
formed steel for the geometry of the test bar and strain 
rate employed is less than 12% of the yield stress, brittle 
failure will not occur at the temperature of test. For a 
steel to undergo a transition from ductile to brittle failure 
as the bar width is increased, it is necessary that the 
separation between the yield stress and fracture stress 
of the undeformed steel be less than 12%. (If the 
stress-concentration factor is less than about 2.5, the 


* The tempenture at which brittle failure occurs for a given geometry of 
test bar will vary, of course, with the steel. However, the results of Moser’s 
experiments may be interpreted for the steel of Pig. 7. 



Fig. 16—Effect of Width of Specimen on Impact Energy at Two 
Speeds. (After Moser'") 
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separation may be less for brittle failure to occur.) The 
higher the strain rate, the less is this separation between 
the yield strength and the fracture strength of the un¬ 
deformed metal. At slow speeds, this separation may 
be such that widening the bar will not induce brittle fail¬ 
ure (Fig. 16). 

If the ratio of r/w is less than about Vw, increasing 
the width of the bar should not appreciably change the 
temperature at which brittle failure occurs. The transi¬ 
tion zone, however, may appear to shift to lower tem¬ 
peratures since the values of the energy for ductile or 
partially ductile failures will be increased by a more or 
less constant factor because of the increase in the volume 
of the material suffering deformation. Therefore it is 
necessary that in determining the effect of widening 
the test specimen, the temperature of the test should be 
so chosen that the specimen breaks ductilely, at least for 
the narrowest bar. 



Fiy. 17—Effect of Width of Specimen on Temperature of Brittle 
Failure. (Afte^ Maurer and Mailander**) 


For a test bar having a ratio of rjw greater than ViOi 
increasing the bar width will cause the temperature at 
which brittle failure occurs to shift to a higher and higher 
temperature. Such an effect was observed by Maurer 
and Mailander,** whose results are plotted as Fig. 17. In 
general, for values of the ratio of rjw in this range, the ef¬ 
fect of increasing the width is simply to bring the yield 
and fracture strengths closer together. 

The effects of bar width on the impact test may be 
summarized: 

1. If the ratio of radius of notch to bar width is less 
than about Vio. changing the width of the bar should 
have little effect other th^ to increase the volume of the 
metal suffering deformation. 

2. If the ratio of notch radius to bar width is greater 
than about Vw, changing the width of the bar will change 
the transverse stress and consequently vary the longi- 

NOTCHED-BAR 


tudinal tensile stress required for yielding, as well as 
changing the volume of metal suffering deformation. 

3. If the sep^ation between the yield strength in 
pure tension and fracture strength of the undeformed 
metal is greater than about 12% under the conditions 
of the impact test (such as temperature and strain rate), 
brittle failure should not occur for a test specimen of 
any width. Whether or not brittle failure will occur 
for a specimen of a given width will depend entirely 
upon the difference between the yield and fracture 
strengths for the specific conditions of the test employed. 
The lower the temperature or the higher the strain rate, 
the less will be this separation and the more likely will be 
the possibility of brittle failure. 

Significance and Use of Notched-Bar Impact Results 

Notched-bar impact results are in essence relative 
measures of the areas under stress-strain curves for par¬ 
ticular test conditions. Such tests indicate the relative 
ability of metals to deform under the conditions of 
stress distribution, strain rate and temperature that are 
imposed. More specifically, the test determines for a 
given set of conditions whether or not the yield strength 
is equal to the fracture strength. 

Since the amount of material suffering deformation is 
difficult to determine, the impact energy cannot be inter¬ 
preted exactly at the present time in terras of tensile 
properties unless the material breaks brittlely and the 
energy required for fracture is essentially zero. For ma¬ 
terials that break ductilely, the values of the impact 
energies can be used to compare relative areas under 
the stress-strain curves of these materials only if the 
impact tests are performed under identical conditions. 
The conditions under 'which the test is to be per¬ 
formed must be determined by the conditions of serv¬ 
ice to which the steel is to be subjected. If the de¬ 
signer of an engineering structure can predict the most 
unfavorable conditions the steel used will meet in serv¬ 
ice, it is then possible by the proper choice of impact 
specimen and test conditions to reproduce at least ap¬ 
proximately the service conditions by notched-bar 
impact tests. The various possible steeb may be then 
compared on the basis of such impact tests and a choice 
of metal made. Often a designer must compromise by 
accepting a steel that he believes (or has sufficient ex¬ 
perience to be certain) will perform the engineering func¬ 
tion satisfactorily instead of demanding the most suit¬ 
able steel. 

For most engineering structures, it is expected that 
the restraint imposed by the geometry will be sufficient 
so that the transverse stress will reach its maximum 
value at the bases of notches and fillets (Fig. 4). For 
this reason, an impact specimen should be used in which 
the ratio of notch radius to bar width is less than Vio. 
If the restrain (or transverse stress) is expected to be 
less, the ratio of notch radius to bar width can be made 
greater than Vio* In designing an engineering struc¬ 
ture, the designer attempts to maximize the radii of the 
notches and fillets. If notches are unavoidable, the de¬ 
signer should attempt to estimate the maximum depth 
and sharpness of the notches that might occur in a 
structure suffering shock loading and the maximum 
average strain rates and minimum temperatures to be 
expected. With certain general knowledge of the steels 
that are available, the designer may be in a position to 
choose the radius of notch of the specimen and the tem¬ 
perature at which the test should be performed. (The 
impact velocity is usually fixed by the available testing 
machines.) If it is not feasible to reproduce the strain 
rate by increasing the sharpness of the notch or the im- 
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pact velocity, the temperature may be lowered below the 
minimum temperature expected by an amount necessary 
to approximate the requii^ increase* in strain rate. 

Tests should then be p^ormed under these fixed con¬ 
ditions and the relative acceptability of the steels deter¬ 
mined. If a steel breaks brittlely under these condi¬ 
tions, the structure is liable to failure with little absorp¬ 
tion of energy. Some materials may require greater 
energy for fracture than others, and it is in this case that 
the designer must use his judgment. In most cases the 
results of standard impact tests may be used if it is real¬ 
ized that a metal that has a lower transition tempera¬ 
ture than another for a given radius of notch may have 
higher transition temperature for a sharper notch. If 
a steel does not break brittlely even at very low temper¬ 
atures when tested in impact with very sharp notches, 
it can be inferred that it is suitable for service in which 
the notches will be less sharp. If fine distinctions are 
to be made between steels for a particular service, it is 
necessary to attempt to reproduce the service conditions 
by an impact test and compare the steels by this test. 

Summary 

An interpretation of the brittle failure of some steels 
in notched-bar impact tests is presented. This inter¬ 
pretation is based upon the effects of the stress distribu¬ 
tion present at the base of the notch and the effects of 
high rates of strain and low temperatures on the proper¬ 
ties of several typical steels. Brittle failure is due pri¬ 
marily to the small separation between the yield strength 
and the fracture strength of the undeformed metal and 
to the increase in the longitudinal tensile stress neces¬ 
sary for yielding induced by the transverse constraint 
imposed by the notch. 

Increasing the width of a notched-bar specimen, in 
general, will increase the volume of material suffering 
deformation and thereby increase the energy required 
for fracture. If the ratio of notch radius to bar width 
is less than about Vio» the primary effect of changing 
the width of the bar is to change the volume of materi^ 
undergoing deformation. If, however, the ratio of the 
notch radius to bar width is greater than about ^/io, 
changes in the width of the bar will produce changes 
in the transverse constraint sufficient to affect appreci¬ 
ably the temperature of brittle failure, as well as change 
the volume of the material suffering deformation. 

The strain rate at the base of the notch may be in¬ 
creased by changing the geometry of the test bar or in¬ 
creasing the velocity of the impact. Increasing the 
radius of curvature of the notch will serve primarily 
to decrease the strain rate, and vice versa, if the ratio of 
notch radius to bar width is less than Vio and the stress 
concentration factor is greater than about 2.5. For con¬ 
ditions of geometry outside these limits, increasing the 
radius of the notch will also decrease the transverse stress, 
and vice versa. 

Decreasing the temperature and raising the strain 
rate are equivalent in their effects and serve to decrease 
the separation between the yield strength and fracture 
strength of the undeformed metal. Some steels do not 
break brittlely in the impact test, and these same mate¬ 
rials maintain their ductility in simple tension to very 
low temperature or to very high strain rates. 

The interpretation of the impact test presented in 
this paper and the relations between the variables of the 
test should aid the designer of engineering structures in 
choosing the conditions of the notched-bar test so that 
the value of the impact energy may become a relative 

* The limited data now available indicate that for most steels a small 
change in temperature is equivalent to a larce change in strain rate. 


measure of the suitability of the various steels for particu¬ 
lar engineering applications. 


APPENDS A 

Calculation of Transverse Stress at Base of Notch 
By Dr.- C. Zener* 

Outside of the immediate vicinity of notch, all stresses 
vanish except which is constant. In order to calcu¬ 
late the stress Z, at the base of the notch, a system of 
surface stresses Z, is applied over the face of the plate in 
vicinity of the notch ^at will render the faces plane. 
It may then be shown that the stresses in the plate are 
independent of s. This conclusion is most readily ar¬ 
rived at by considering the plate to be subdivided into an 
arbitrarily large number of thin slabs, all of which have 
the same distribution of surface stresses. 



Fig. 18 


Let h represent the factor by which X, has increased 
at the base of the notch. K. is zero, at this surface, and 
it is desired to find Z«. The strain is the strain associ¬ 
ated with the uniaxial stress 7 away from notch. The 
additional Xs stress [(5 — 1 ) 7 ] is therefore associated 
with no further e„. This condition leads to the equation: 

O = J (Z, - ,r(b - 1 ) 7 ) ■ (1) 

or . 

Z* = <r(b — 1)7 (2) 

We now relieve the surface stresses over the faces. 
This relief may be regarded as the addition of surface 
stresses of the same magnitude but of opposite sign. 
An approximate computation will now be made of the 
effect of these added surface tractions upon the stresses 
Z* along notch. 

Denote by F the total force applied on a face: 

F = fZM (3) 

If the dimensions of the region over which F is applied 
are small compared with the width W of bar, the effect of 
F near the center of the bar will not be appreciably af¬ 
fected by the manner in which F is distributed. 

The solution is given by Love*^ for the stresses pro¬ 
duced in a medium of infinite extent by the application 
of singular forces. Let the force F be applied at the 

* Member A.I.M.B. Seuior Physicist, Watertown Arsenal, Watertovn, 
Mast. 
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origin of coordinates in direction of s, and an opposite 
force be applied along axis of s at a point W away from 
origin. The stress Z, midway between the two points is 
then: 

AZ, = (2F/W*)a 

where a is a factor very nearly equal to imity; namely 
(3 /t) (X + y$Af)/(\ + 2Af). It is to be expected that 
the difference between the plate and the infinite medium 
will be a factor of 2, since each force in the case of the 
plate is effectively supported by only half the material as 
compared with the case of the infinite medium. There¬ 
fore, we have the approximation; 

Z. = 4F/W‘ 

It remains to obtain an estimate of F. The integral of 
Equation 3 is equal to: 

rz^ = Cir“(Z.)* 

where Ci is a numerical constant of the order of magni¬ 
tude of unity, r is the radius of curvature of the notch ^d 
(Zg)m is the maximum value of Z,; namely, a(b — 1 ) 7 . 
The^ore, at the base of the notch at the mid-point of 
the bar: 

Z. = < 7(6 - DtU - Ci(4)(r/W0*l 

An attempt at an estimate of Ci was made by an exact 
computation for the case of a circular hole in a plate. 
In this particular case, Ci is exactly zero. The only con¬ 
tribution to AZ, then comes from the dipole distribution 
of the form, which will lead to a term (r/w).* This at¬ 
tempt indicates that Ci is small compared with unity. 
Figure 4 of the text has been constructed with 4Ci set 
equal to unity. 


APPENDIX B 


R^ation Between Velocity and Strain Rate in Bending 

Teat 

In an elastic beam, the curvature is directly propor¬ 
tional the moment acting across a plane. Thus if y is 
the displacement, x the coordinate along the beam (see 
Fig.19): 

d}yfdx*r^M ( 1 ) 

From a consideration of the external forces acting upon 
the beam, it may be shown that M decreases linearly 
from a itnurimiitn at center to zero at the ends: 

M{x) = Mg{l - xy^L) (2) 

Therefore, upon combining Equations 1 and 2: 

dVdx* - y„ '(1 - xViL) (3) 

Double integration of Equation 3 gives for the dis¬ 
placements of the center with respect to the end supports: 

D = (4) 

The relation between the curvature and the maxi¬ 
mum strain, c«, is given by: 

€. = a/R = ay/ (5) 

where R is the radius of the curvature at center and a is 
the distance from the center of the beam to the surface 
(a = radius for circular beam. Vs thickness for rectangu¬ 
lar beam). 


By combination of Equations 4 and .5 the following is 
obtained: 


D = 
or 

dt . 12a dt 


or 


dP _ ^ d^o 
dt dt 


where h is the thickness of the bar. 
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DISCUSSION 


(F. G. TatnaJl presiding) 

M. Mbtzobr,* Harrison, N. J.—On Figs. 10 and 13, 


* Crucible Steel Company of America. 
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two lines are plotted. Do they represent two specimens 
of steel or does one represent adiabatic and ^e other 
isothermal deformation? 

J. H. Hollomon (author’s reply).—The two lines in 
Figs. 10 and 13 were drawn simply to include all the data. 
Because of the spread in impact data often observed, 
this method of plotting appears to be the most illustra¬ 
tive. 

H. W. Russell,* Columbus, Ohio.—In the field 
of low-temperature impact, there is a phenomenon that 
often occurs. In the Charpy test, it is frequently found 
that at some low temperature either ductile or brittle 
fractures will occur, but not intermediate values. The 
results are best represented as two overlapping curves. 
Such results are possibly best illustrated in the data 
published by Sergeson for the Joint High Temperature 
Committee in the A.S.T.M. in 1936. 

J. H. Hollomon. —There are many details of the 
b^avior of steels when notched and broken in impact 
which could not be covered in the oral presentation, but 
most of them are discussed in the paper as printed. 
This phenomenon of a sharp transition from ductile to 
brittle failure is a case in point. 

If one could break an infinitesimally small specimen at 
some temperature or rate of loading, the type of fracture 
would change from completely ductile to completely 
tnittle. For an actual specimen, however, the nature 
of the deformation is such that the severity of the condi¬ 
tions of fracture progressively increases as the crack 
progresses across the specimen. Suppose, for example, 
that a specimen is being broken at a temperature slightly 
above that at which brittle failure would occur under the 
conditions of severity imposed by the original notch. 
The metal at the base of the notch will deform consider¬ 
ably before fracture. A sharp crack, however^ will be 
formed and, at some point beneath this crack, the metal 
will break in a brittle fashion. Such fractmes consist of a 
fibrous zone surrounding a crystalline or brittle zone 
and are referred to as transition fractures. Thus, it is 
possible to obtain intermediate values of impact energy 
in the range of transition from completely ductile to 
completely brittle fractures. The metal itself, how¬ 
ever, does not behave in an intermediate fashion; it is 
either ductile or brittle. The interpretation of this 
sudden transition in terms of stress-strain curves is pre¬ 
sented in the paper. 

E. F. PoNCELET.t Butler, Pa.—We have found that 
the amount of energy required to produce brittle frac¬ 
ture in glass depends on the elastic properties of the 
striking solid. Is anything known about the behavior of 
steel in this respect? 

J, H. Hollomon.—I do not know of any information 
on this subject. 

E. F. PoNCELET.—Does it make much difference, or 
does it make little difference if you use a very hard im¬ 
pacting tool or a relatively soft one on steel? 

J. H. Hollomon. —The problem of the actual nature 
of the brittle fracture of steels has not been studied in 
any great detail. The primary metallurgical problem is 
to determine the factors that control the amount of plas¬ 
tic deformation that will precede fracture in structural 
materials. It is only necessary to know whether or not 
material fails brittlely. The exact nature of this brittle 
failure is the subject of another type of investigation. 

N. A. Ziegler, t Chicago, Ill.—All the theory and con¬ 
clusions of this paper are based on relatively slow speeds, 
used in conventional impact testing. It is known, how¬ 
ever, that with high-velocity impact the mechanism of 
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fracturing is different For example, with slow speed of 
impact, the specimen must be supported on some suitabk 
device before it can be fractured; when the speed of im¬ 
pact increases beyond a certain value, a specimen can be 
fractured by its own inertia, without any support at all. 
I wotild be interested to know whether the conclusions of 
this paper apply to such conditions. 

J. H. Hollomon. —It is believed that the principles 
presented in this paper apply to fracture over the entire 
range of strain rates. At very high velocities of impact, 
other factors, such as the propagation of plastic deforma¬ 
tion, may contribute to further complication. It is 
necessary, of course, in any interpretation of the notched- 
bar test to know approximately the strain rate at the base 
of the notch. When the specimens are broken, at very 
high velocities, a relatively exact estimate of the strain 
rate may not be possible. 

F. G. Tatnall,* Eddystone, Pa.—Impact is one of 
the mystery men of physical testing. A great many 
people have condemned the impact test as being vague 
and elusive. Captain Hollomon is doing much to bimg 
it out into the open and make it a useful yardstick. 

He says that the material above the notch has some 
tensile stress in it. It was my understanding generally 
that that region was practically unstressed longitudinally 
and hence was acting only as a lateral restraint. In other 
words, if an ordinary tensile test is made on an unnotched 
machine specimen, this test does not reproduce condi¬ 
tions in a welded ship plate, because when a ship plate is 
subjected to tensile load it caimot contract later^y in ac¬ 
cordance with Poisson’s ratio, being restrained by the 
surrounding material. 

It looks to me as though the notched-bar impact tensile 
test is intended to reproduce the restraint siiffered by a 
material when it is part of a structure. 

I read a recent article by Dr. Krivobok, which con¬ 
cludes that until we study impact as a tensile test with 
lateral restraint we do not fully understand it. 

For instance. Dr. MacGregor, at M.I.T., has said 
that the only real difference between static tensile test 
and a notched-bar impact tensile test is the notch. Is 
that right. Captain Hollomon? 

J. H. Hollomon. —In order to answer Mr. Tatnall’s 
questions, it is desirable to reword them: 

1. What is the difference between the tensile test 
and the notched-bar impact test? 

2. Is it correct that the only difference between these 
two tests is the principles of a transverse constraint? 

These two questions present an opportimity for discus¬ 
sion of the mechanical testing of metals that may serve 
to clarify some of its aspects. 

Only certain fimdamental variables must be considered 
in determining the mechanical behavior of metals. Plas¬ 
tic flow and rupture are functions of the strain rate, 
temperature, stress distribution and prior history. 
The latter includes both the structure of the metal under 
consideration and the degree and effect of any prior 
deformation. These variables are interrelated. The 
effect of strain rate on, say, the yield strength of two 
metals may be different if their structures are different. 
In any attempt to correlate the behavior of metals in 
different tests, the difference of the magnitude of these 
variables is of primary importance. 

In comparing the tensile test with the notched-bar 
impact test, two of these variables are different. The 
material at the base of the notch is essentially con¬ 
strained from the transverse contraction and a trans¬ 
verse tensile stress induced, and the strain rate at the 
base of the notch is greater than is usually employed 
in the tensile test. Fimthermore, the notdhed-bar test is 
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frequently conducted at temperatures other than room 
temperature. If the effect of these three variables on the 
stress required for plastic flow and the stress required 
for fracture are fully understood, it is possible to correlate 
the behavior of metals in these two types of tests. 

In these two tests, the primary difference arises from 
the presence of a transverse stress, and it is the effect of 
this transverse stress on the plastic flow and fracture 
that is of fundamental importance to the understanding 
of the notched-bar impact test. The effect of the strain 
rate is relatively minor. 

B. F. Shepherd,* Phillipsburg, N. J.—Just something 
in the nature of a genercd statement: The experts in 
mechanical testing appear to have the practice of defining 
structure by stating the method of quenching or temper¬ 
ing, which, after all, is a very vague way of stating the 
thing in which we are primarily interested; that is, 
met^ographic structure. If the investigators would 
state the actual structure as quenched or quenched and 
tempered they would cover everything—quenching, 
medium and everything else. It would mean a little 
more than just to state that it is quenched and tempered 
or air-cool^. Quenching is only a means of controlling 
the transformation rate, which, of course, produces the 
final structure. 

J. H. Hollomon. —Mr. Shepherd’s point is very well 
taken. The photomicrographs of the steels used for 
these experiments have been presented in another paper. 
The water-quenched and tempered specimens consist of 
tempered martensite, the air-cooled and tempered speci¬ 
mens consist of proeutectoid ferrite and pearlite (the 
carbides of which were slightly spheroidized during the 
tempering treatment). 

E. F. PoNCELBT. —I should like to ask another ques¬ 
tion. I believe this paper relates only to fractures 
starting in the notch. 'Hiat means that only what I 
would call very slow impact is considered. On fast 
enough impact the pressure wave has no time to gener¬ 
ate the stress in the notch while the impact is in progress; 
and quite a different type of cracks and fractures de¬ 
velops. The stresses involved are given by the for¬ 
mula of Hertz. These fractures start on the compression 
side and form the “percussion cone.” I do not know 
enough about when and how this type of fracture occurs 
and am interested in learning more about it. This type 
of fractiu^ is entirely different from the tjq)e of impact 
fractures caused by what might be called slow impact. 
Are there any data about those things available ? 

J. H. Hollomon. —The subject that Dr. Poncelet 
brings up is much too involved to discuss at this time. 

I should like to say that this phenomenon enters the 
problem for only extremely high velocities of impact and 
has little importance to the problem under discussion. 

G. L. Coxt,.Watertown, Mass.—I want to emphasize 
one thing. We at the Arsenal have been stud 3 dng the 
problem of the effect of high rates of loading on the 
properties of materials for some time, largely because 
most applications with which we are concerned deal with 
high strain rates. 

In the middle 1930's, H. C. Mann built a variable- 
velocity impact machine to work on this problem. He 
observed some rather phenomenal things, as most of you 
know, as he raised the velocity. The order of velocity 
with the machine was considerably higher than that of 
the standard Charpy test; however, even then the ma¬ 
chine was incapable of reaching velocities as high as are 
often encountered, as, for example, the attack of a pro¬ 
jectile on a piece of armor. 

We all know that if the temperature is lowered, steels 
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may become brittle at the low temperatures. There is 
some evidence available in the fairly recent work of other 
investigators that increasing the strain rate also tends to 
make a material more brittle. Maybe these two phenom¬ 
ena are all we know, and maybe not. We have turned 
this problem over to some of the research workers at 
Wat^own Arsenal, and we think they have done some 
pretty good work. However, the accomplishments so 
far apparentlyare not complete and maybe “full of holes.” 
I was hoping to hear at this meeting some discussion as 
to the limitations of om* thinking and that certain quali¬ 
fied people would express their Noughts in the matter to 
such an extent that we could be guided in our future ef¬ 
forts. 

Somewhat as a premise to our thinking, we know that 
as the temperature is lowered the tensile properties of 
steel are raised. Also, if the strain rate is increased, the 
tensile strength, particularly yield, is increased. 

Those two considerations may not be parallel. They 
may have only an incidental empirical relationship to 
each other. In fact, I have used the corollary that we 
can establish a relationship between the life of automobile 
tires and the speed at which the car is driven, and we can 
also establish a relationship between the life of these 
tires and the roughness of the road—^but what is the 
relationship between the speed of the car and the rough¬ 
ness of the road ? 

If there is any relationship between speed of testing 
and lowering the temperature, certainly it is easier to 
lower the temperature than to increase the speed within 
the limits in which we are interested. 

I hope that out of this research we may obtain a new 
concept of how to view the intrinsic behavior of a piece of 
metal when it is subjected to deformation at extremely 
high rates of loading. 

J. H. Hollomon. —The question Colonel Cox has 
introduced concerned us a great deal during the early 
stages of the research of wUch this paper is a parti^. 
report. There is considerable evidence, however, that 
the effects of strain rate and temperature whep properly 
considered are equivalent. Carpenter and Robertson** 
suggested a qualitative relationship between the two 
variables several years ago. Dr. Zener and I attempted 
to determine whether or not this relationship was quanti¬ 
tative, and we believe that it is. The relationship be¬ 
tween the effects of strain rate and temperature is similar 
to a relationship between the changes of pressure and 
volume in an ideal gas. The nature of the relationship 
between pressure, volume and temperature of an ide^ 
gas permits an infinite number of combinations of pres¬ 
sure and volume for a given temperature. The pres¬ 
sure for a given temperature varies reciprocally with the 
voltune. In parallel fashion, for a given yield strength, 
the logarithm of the strain rate varies with a reciprocal 
of the absolute temperature. There is, in an analogous 
fashion, an infinite number of possible combinations of 
strain rate and temperature, which will produce the 
same yield strength. The ration between the strain 
rate and temperature has been discussed in the paper. 
The exact nature of the dependence of the mechanical 
properties on temperature is not important to this re¬ 
lationship. 

G. Sachs,* Cleveland, Ohio.—I would like to empha¬ 
size the fact, which Dr. Poncelet has pointed out, that 
all relations between temperature and speed can be 
valid only for speeds that are very slow in comparison 
with the propagation speed of elastic waves. At very 
high speeds, no simple rdation between speed and impact 
energy can be expected. 
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J. H. Hollomon. —I should like to agree with Professor 
Sachs that this paper is concerned with speeds that are 
relatively slow compared with the speed of propagation 
of elastic waves in steel. However, it is believed that 
at least the qualitative relation between the effect of 
strain rate and temperature that has been proposed will 
be valid even at these higher rates of loading. 

S. L. HoYT.t Columbus, Ohio.—The author gives’ an 
important and timely discussion of the mechanics of a 
notched bar. A major point is the discussion of the re¬ 
spective roles of triaxial stress and stress concentrations, 
and the relief of the latter by a small amount of defor¬ 
mation at the root of the not(^. The latter agrees nicely 
with opinions expressed by engineers that if the metal at 
the notch can deform by 1 to 2%, any stress concentra¬ 
tion from geometry is eliminated. 

It seems to the writer that therein is a major reason for 
testing notched bars statically, so that a full stress- 
strain diagram can be obtained. The relatively small 
amount of quantitative testing that has been done indi¬ 
cates that ^ere are important differences in b^avior, 
which show up directly or soon after bending starts, 
resulting either in an early crack of a brittle type or a 
late crack of a more ductile type. This suggests the de¬ 
sirability of separatmg the b^avior during test into two 
steps, the first being the early elastic deformation and the 
second, subsequent plastic deformation. 

During the former, the stress concentration is present 
and must be significant. It would appear to the writer 
that this concentration has an import^t bearing on the 
behavior, either (1) the opening of a crack, or (2) as the 
alternate behavior, the initiating of the plastic deforma¬ 
tion which lowers the stress concentration. 

During the second stage of the test an analysis of the 
situation would require a running summary which 
would integrate the effects of the now modified geometry 
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and stress system, and the altered cohesive and flow 
strengths of the steel. This subdivision of the behavicM- 
of a notched bar appears to be sound and correct, pos¬ 
sibly necessary to its proper understanding. 

For notched-bar testing as commonly practiced, the 
above is probably not of much significance, since the 
bars usuaUy break in a ductile fashion with high energ}- 
values. However, the test becomes truly revealing of 
notch sensitivity or notch toughness when the condi¬ 
tions are determined that show the change from ductile 
to brittle behavior, the “match” point discussed in refer¬ 
ence.*® The writer would like to see this point empha¬ 
sized for notched-bar testing, since it seems important to 
ascertain the level of notch toughness in terms of notch 
geometry, temperature and rate of strain, which limit 
ductile behavior. As a compromise or simplification, 
the double-width Charpy bar has been fotmd to be useful 
by checking the steel imder an additional degree of re¬ 
straint, while the use of temperature as a variable is like¬ 
wise hdpful. 

J. H. Hollomon. —Dr. Hoyt emphasizes that the 
fracture of a notched bar in impact consists of two phases: 
(1) the behavior of the material at the base of the pre¬ 
formed notch and (2) the behavior of the material at the 
base of the continuously changing forming crack. To 
understand completely the nature of the notched-bar 
impact fractures, the conditions surrounding these two 
phases of fracture must be completely imderstood. The 
temperature at which completely brittle failure occurs, 
however, is controlled by the preformed notch. Quan¬ 
titative information concerning the transition from duc¬ 
tile to brittle failure, therefore, can be obtained without a 
knowledge of the exact nature of the crack that progresses 
across the specimen. It is the conditions surrounding 
this transition from ductile to brittle failure that are of 
the greatest importance. The author does not believe 
that much information can be gained from testing 
double-width Charpy bars which cannot be obtained 
directly from any given standard test bar. 


Discussion of "Arc 
Welding of Mag¬ 
nesium Alloys"* 

By N. Teitelt 

D escribed in this article, helium arc welding 
process requires the expense of 0.5-1 cu. ft. of 
helium per foot of weld. 

This quantity can be much lowered by surrounding 
the helium cup, Fig. 1, with a second cup joined by a 
flexible hose with a little pump. The pressure in th*e 
space between the two cups must be by many inches less 

* Article by W. L. I^oose, publUhed ia Dec. 1942 issue of Research Supple- 
meot to Thb Wbldino Jovknal. 
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than the atmospherical. The distance from the second 
cup to the sheet can be of the order of 0.01-0.1 in. 

Passing the pumped-out air through a suitable puri¬ 
fication train it is possible to regenerate most of the 
helium used. 


Reply by Author 

We too have tried this method of conserving helium 
or argon, but at the present costs of these gases, it does 
not appear to be economically feasible to collect and re¬ 
process the gases. In addition, the outer tube necessar}’ 
to collect the gas reduces the visibility of the arc and in¬ 
creases the weight of the electrode holder, etc. With 
automatic welding, it might be entirely feasible to use the 
collecting tube and reprocessing equipment, but with 
hand welding, the equipment required makes for a 
rather clumsy arrangement and does not appear to be 
economically justified. 
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Weldability of Manganese-Silicon High 

Tensile Steels* 

By George G. Luther,t Francis H. Laxart and Clarence E. Jacksont 


Tabla 1—Chemical Compodtion o{ Steals Used in This Study 
Experimental Mn-Si Steels 
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Experimental Mn-Si Steels with Titanium 
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S ILICON has been shown’ to be almost 
as effective as manganese in inpreas* 
ing the tensile strength of a steel. It also 
has been pointed out that the use of silicon 
as a strengthener of normalized steels for 
^velding is to h^ preferred to that of carbon 
or manganese as the heat-affected zone has 
lower hardness and higher ductility in the 
silicon steels. Because of these facts it 
was felt highly desirable to investigate the 
possibility of using silicon to replace a 
portion of the manganese in medium man¬ 
ganese high-tensile steels and thereby pro¬ 
duce a steel having strength equal to that 
of the present high-tensile steels with im¬ 
proved welding characteristics. 

Object of Teeta 

This paper presents the results of weld¬ 
ability tests on 48 experimental heats of 
carbon-manganese-silicon, 18 of which in¬ 
clude vanadium and titanium additions. 
These results are compared with a mild 
steel and 18 commercial high-tehsile steels 
of the manganese type with and without 
titanium or vanadium additions. 

Compocition and Mechanical Properties 
of Materials Used in This Study 

Forty-eight 100-lb., aluminum-deoxi¬ 
dized experimental heats were made in the 
induction furnace and cast into big end-up 
ingot molds provided with hot tops. After 
the hot tops were removed, the ingots were 
forged to slabs 2 in. thick and hot-rolled 
to l-in.-thickplates. Because of the effect 
of variations in finishing temperatui'es a 
portion of each rolled plate was normalized 
from 1675° F., and tests were made in 
both the as-rolled and normalized condi¬ 
tions. These steels covered a range of 
carbon from 0.12 to 0.2^^ with manganese 
and silicon varying from 0.45 to 1.38%. 

The 19 commercial steels selected for 
comparison were to 1 in. in thickness 
and were tested in the as-rolled condition 
only. The chemical composition of the 
experimental and commercial steels is 
shown in Table 1. The mechanical prop¬ 
erties of all steels in the longitudinal di¬ 
rection are reported in Table 2. 

• 

Weldability Tesla Used in This Study 
The weldability of the&e steels has been 
determined by the .use of four tests: first, 
the effect of welding orf the ductility of the 
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0.03 

O.Q38 

0.009 

O.U 

0.27 

0.04 

0.Q3 

0.098 

O.U 

0.40 

0.27 

0.03 

0.09 

0.042 

0.U 

O.U 

0.28 

0.07 

0.09 

0.035 

0.092 

O.U 

0.28 

0.07 

0.03 

0.044 

0.17 

O.U 

0.28 

0.07 

0.03 

0.039 

0.075 


O.U 

0.27 

0.09 

0.09 

0.029 

0.192 

O.U 

0.27 

0.04 

0.03 

0.034 

0.106 

O.U 

0.27 

0.05 

0.09 

0.043 

0.192 

0.U 

0.27 

0.03 

0.03 

O.039 

0.113 

O.U 

0.28 

0.07 

0.09 

0.041 

0.106 

O.U 

0.28 

0.07 

0.03 

0.040 

0.092 

O.U 

0.27 

0.09 

0.09 

0.039 

0.289 

O.U 

0.38 

0.06 

0.03 

0.039 

0.135 
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Table 1—Chemical Composition o£ Steels Used in This Study (Coniinaed). 

Commercial Steels 



420 

0.23 

0.90 

0.009 

0.010 

0.053 

0.10 

0.15 

0.02 

0.09 

< 0.01 

- 


393 

0 . 3 S 

1.09 

0.16 

0.017 

0.022 

0.12 

0.22 

0.03 

0.04 

0.019 

— 


3 » 

0.16 

1.29 

o.a 

0.013 

0.024 

0.13 

0.13 

0.10 

0.12 

0.016 

0.009 

0.002 

334 

0.17 

1.10 

0.17 

0.016 

0.024 

0.12 

0.22 

0.02 

0.04 

0.029 

—A 

— 

314 

0.16 

1.10 

0.16 

0.016 

0.016 

0.11 

0.23 

0.02 

0.03 

0.01 

<.01 

O.OCB 

3 » 

0.16 

1.26 

0.24 

0.020 

0.020 

0.06 

0.15 

0.04 

0.04 

o.cu 

<. 0 l 

<. Q 1 

392 

o.u 

1.10 

0.25 

0.029 

0.019 

0.26 

0.20 

0 . Q 3 

0.06 

0.014 

<,01 

<.01 

3 S 4 

0.17 

1.19 ■ 

0.24 

o.oa 

0.092 

0.10 

0.20 

0 . Q 3 

0.05 

0.020 

0.007 

0.002 

3 S 5 

0.17 

1.07 

0.29 

0.016 

0.024 

0.15 

0.20 

0.01 

0.09 

0.015 

0.007 

0.001 

364 

o.ir 

1.21 

0.27 

0.021 

0.020 

0.13 

0.29 

0.04 

0.09 

0.010 

0.006 

0.009 

394 

0.16 

1«31 

0.23 

0.090 

0.029 

0.(9 

0.04 

0.01 

0.20 

0.026 

0.029 


396 

0.17 

1.34 

0.23 

0.016 

0.029 

0.10 

0.01 

0.01 

0.19 

0.026 

0.030 

•w 

360 

0.16 

1.43 

0.30 

0.019 

0.024 

0.19 

0.31 

0.09 

0.07 

0.012 

0.009 

0.002 

399 

0.14 

1.27 

0.23 

0.091 

0.029 

0.03 

0 . Q 3 

0.01 

0.20 

O . Q 39 

0.035 

367 

0.16 

i.U 

0.26 

0.019 

0.027 

0.06 

0.19 

0.02 

0.09 

0.020 


oToT 

362 

0.16 

1.46 

0.20 

0.029 

0.024 

0.01 

0.06 

0.00 

0.10 

<.01 

< r . oo 9 

0.09 

424 

0.13 

1 A 9 

0.26 

0.030 

0.093 

0.09 

0.16 

0.01 

o.u 

0.01 

0.04 

0.004 

363 . 

0.16 

1.36 

0.24 

0.029 

0.024 

0.01 

0.03 

0.01 

0.09 

0.02 

<•009 

0.14 

361 

0 .U 

1.44 

0.30 

0.020 

0.027 

0.21 

0.29 

0.09 

0.14 

0.01 

•?.005 

0.09 


full plate thickness as measured by the 
bead-weld nick-bend test; second, the 
maximum hardness produced in the base 
metal by a bead-weld made using standard 
welding technique; third, hardenability 
as measured by the end-quench harden¬ 
ability test; and fourth, the cracking 
tendency as indicated by the short string- 
bead test. 

Welding Technique 

In making comparative tests it Is essen¬ 
tial to hold conditions as constant as 
possible; hence, full automatic welding 
control was used. All of the electrodes 
used in these tests were supplied by one 
manufacturer. The electrodes were mild 
steel, heavy coated, reversed polarity 
(Grade EA, Class 1; A.W.S. E6010) with 
*/irin. and */i-in. diameter cores. The 
plates were all thoroughly cleaned of mill 
and furnace scale by grit blasting before 
welding. An Bsterline-Angus recording 
voltmeter and ammeter were useful in 
closely controlling the arc conditions in 
the circuit during the preparation of the 
bend-test weldments. 

Methods and Results of Tests 

The following sections describe the tests 
which were performed and present the data 
obtained on both the experimental man¬ 
ganese-silicon and commercial manganese 
high-tensile steels. 

Bead-Weld Nick-Bend Test 

Longitudinal bead-weld nick-bend test 
plates (Fig. I) were welded at room tem¬ 
perature under standard conditions (175 
amp., 26 v., reversed polarity, 6 in. per 
minute travel) using the Vit-iu- diameter 
electrodes. Single bead-welds were de¬ 
posited parallel to the width dimension 
and in the center o£ the plates which were 
4 to 5 in. wide by 10 in. long. The direc¬ 
tion of rolling was parallel to the length 
of the plate. Strips were positioned along¬ 
side the test plates and clamped rigidly 
during the welding operation. The bead- 
*welds were started and finished on these 
approach and run-off plates so that a full, 
even weld deposit was made along the 
whole width of the test plates. Since the 
commercial plates were 6 in. wide, no 
approach and run-off strips were used. 
The nick-bend specimens were saw cut 
from the weldments and tested at room 
temperature two days after welding (Fig. 


2). Nick-bend specimens prepared from 
unwelded plates were also tested to com¬ 
pare the plate-bend ductility of the various 
steels with the bead-weld nick-bend test 
ductility. The results are presented in 
Table 3. In order that the nick-bend re¬ 
sults of the */r and ’/t-in.-thick commer¬ 
cial steels may be compared with those of 
1 -in. thickness it must be recognized that 
for a given welding technique the nick- 
bend ductUity will increase as the thick¬ 
ness of the specimen decreases. The 
nick-bend results fot the commercial steels 
other than those of l-m. thiclmes.s as given 
in Table 3 are adjusted approximately 
to l-in. thickness. A full description of 
the nick-bend test has been reported by 
Jackson and Luther.* 

Afaximutn Hardness in HeatfAffecUd Zone 

Vickers (10-kg. load) and Knoop (500- 
gm. load) hardness surveys were made on 
'4-in.-thick polished transverse sections 
of the bead-welds taken from the center 
of each weldment. Figure 3 shows the 
type of survey used for the Vickers test. 
The Knoop survey was made across the 
fusion tine at three widely separated loca¬ 
tions. Knoop and Vickers values for 
maximum hardness are reported in Table 
4. 


End-Quench Hardenability Test 

Standard end-quench hardenability test 
specimens were machined from IVrin- 
diameter bars forged from the original 
plates. The forgings were double normal- 



Fig. 2—Bead-W^d Nick-Bend Speciines 
During Teeting 
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Fig. 1—Bead-Weld Nick-Bend Test Specimens 
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Commercial Steels 


Table 2—Mechanical Propertiee of Steels Used^^^'hisJStudy 


Experimental Mn-Si Steels 



ifil kZl » 63750 39 47 69 43130 66650 3* 73 

402 42750 66400 3« 61 74 46000 67500 30 104 106 

419 43000 66400 30 35 59 47000 67250 37 69 81 

406 43150 70600 35 44 56 4*900 71150 36 57 65 

379 43550 67700 36 66 70 47000 69900 37 68 87 

376 43900 65450 37 63 67 47000 70400 38 74 84 

409 44000 70000 34 42 58 47000 70500 37 82 89 

410 44000 72150 35 36 48 49750 73900 35 49 70 

405 44150 69750 36 55 64 49000 70650 37 55 68 

349 44250 71690 37 52 72 45550 71100 36 87 102 

373 44500 69000 39 89 93 47650 67250 39 81 103 

378 • U500 65750 38 75 83 46900 67500 37 81 88 

371 M500 66000 40 73 88 46400 67000 40 96 104 

404 44500 71500 37 34 48 49790 72750 36 55 71 

4C7 44650 70900 35 46 71 49150 71750 37 62 77 

403 45290 71250 37 39 60 50150 73290 35 66 75 

408 45650 70900 34 31 53 49400 73690 36 60 78 

375 45900 69900 38 55 66 49650 71900 36 66 84 

377 47000 71250 38 43 62 47290 71000 37 56 68 

397 47450 73550 34 33 40 50790 73750 35 49 71 

346 50350 78000 34 39 63 50300 77750 35 53 63 

351 50750 79900 36 39 48 51600 79900 34 49 57 

352 50950 80750 34 36 49 49500 79000 33 39 50 

390 92000 82050 34 42 52 51900 81650 35 38 65 

34? 52090 81250 33 36 U 50500 81750 34 42 53 

348 53250 82900 34 35 57 52000 81000 34 45 60 

349 55650 83750 34 29 56 94000 85250 35 34 39 

355 96750 88000 31 30 43 ’ 57000 87650 33 43 56 

393 96900 87350 32 26 35 93850 89600 31 32 42 

354 57300 88300 30 38 41 53850 86500 33 33 U 


Experimental Mn-Si Steels with Titanium 



374 U900 69600 37 32 69 45500 64900 39 32 62 

411 48400 72750 39 8 a 90500 70790 37 58 77 

413 90400 72^ 35 8 a 48900 70400 38 29 42 

414 50900 71900 36 34 44 47750 79150 36 79 106 

396 52100 aTOO 30 39 41 51400 79950 35 36 48 

412 93500 76900 30 3 4 53790 74290 37 54 68 

357 99300 89100 26 8 15 56450 8U00 33 27 39 

362 60700 87600 31 14 26 55000 80800 35 64 86 

359 62100 87400 30 33 38 61700 86050 a 25 37 

363 63800 88550 31 20 30 56000 81400 35 54 84 


Experimental Mn-Si Steels with Vanadium 


418 

44100 

64000 

37 

21 

58 

41000 

61900 

35 

29 

84 

415 

90900 

76000 

36 

30 

99 

90000 

73500 

34 

43 

97 

416 

54100 

79100 

32 

24 

34 

50150 

77290 

33 

38 

27 

358 

57750 

86O50 

27 

30 

40 

52150 

81400 

32 

27 

39 

360 

59000 

83890 

30 

44 

62 

53000 

81300 

34 

93 

69 

361 

99250 

84900 

31 

48 

70 

*7650 

86450 

29 

42 

49 

417 

99600 

85500 

26 

14 

20 

49600 

60^ 

77500 

32 

26 

33 

364 

66700 

92790 

27 

20 

26 

92600 

30 

22 

26 


ised from 1675” P. before machining into 
test specimens. The end-quench harden- 
abUity bars were quenched in a standard 
jig after heating at 2100” F. for 75 min. in 
4 controlled atmosphere Globar furnace. 
Two parallel flat stirfaces were ground 
along the length of the bar to a depth of 
0.10 in. (Pig. 4). Rockwell C hardness 
surveys were made along the flats with the 
location of the indents determined by a 
calil^ted carriage. The grain size of the 
bars was determined by electroljrtically 
polishing the specimens, etching with 
nital-picral and photographing two suit* 
able microstnictures at a magnification of 
150 diameters. A grain count was made 


on an area of 5000 sq. mm. on the photo¬ 
graphs. 

Tlie distance from the quenched end of 
the bar which was taken as the location of 
the 50% martensite microstructure was 
based on the hardness level indicated by 
Grossmann’s* curve of hardpess for 50% 
martensite in plain carbon steels. This 
distance was converted to “ideal diameter” 
corrected to a grain size of 2.0. Table 6 
shows the results of these tests. 

Short String-Bead Cracking Tests 

Cracking tests were made on specimens 
approximately 4 in. long by 2 in. wide with 
the direction of rolling parallel to the 4- 



420 32750 65750 38 

333 39000 69900 35 

393 40190 70690 37 

334 40300 71200 38 

314 40690 71D00 35 

391 44250 73250 36 

392 46650 73950 35 

384 46250 72600 37 

385 48900 71950 37 

386 50900 76850 35 

396 51800 78150 33 

396 51800 79190 33 

380 52100 82900 32 

395 52650 77250 32 

367 57000 82150 30 

382 58650 86450 30 

424 61150 86250 31 

383 66150 93700 28 

381 69600 98150 28 



Fig. 3—Section of Bead-Weld Showing 
Vickers Hardness Survey. X 7 



A. a 


Fig. '4—^Details of End-Qnench Harden* 
ability Test Specimen 

in. dimension (Pig. 5). The tests were 
performed at two temperature levels: 
10” F. and room temperature (75-85® F.). 
To make the tests at 10” F. the specimens 
were immersed in a carbon tetrachloride- 
dry ice mixture for a sufficient length of 
time to bring them to the desired tempera¬ 
ture. A specimen was then removed from 
the coolant and immediately w^ed with 
the automatic machine. A bead-weld 1 
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Fig. 5—Bead-Weld Craddng Test Speci¬ 
men 


to V/i in. long was deposited on the face 
along the center line ot each specimen in 
the direction of rolling using the Vs-in. 
diameter electrode with a welding tech¬ 
nique of 100 amp., 25 v., reversed polarity, 
and 8 in. per minute travel in a horizontal 
plane. The same welding technique was 
employed for specimens prepared at room 
temperatures. 

Transverse sections of the bead-weld cut 
from the center of the weldment were 
rough polished and then hnished by elec- 


trolytically polishing and etching in a 
perchloric acid-acetic anhydride reagent.* 
A 1% nital solution was used as a supple¬ 
mentary etchant when required. The 
heat-affected zones of the specimens were 
then examined for cracks at a magnifica¬ 
tion of 100 diameters. The symbols used 
in this report give a qualitative index of 
the amount of cracking present; "OK” 
indicates no visible cracks; "X” only one 
small crack; "XX” one or more large 
cracks; and "XXX” cracking completely 
around the weld in the heat-affected zone. 
Table 3 gives the results of these tests. 
Photomicrographs of typical cracks are 
shown in Figure 6. 

Discussion of Bead-Weld Nick-Bend Results 

The weldability of the steels in this 
study may be compared on the basis of 
yield strengths. The ductility as meas¬ 
ured by the angle at maximum toad for 
the be^-weld nick-bend test is related to 
the yield strength as shown in Pigs. 7, 8 
and 9. In general, in all types of steels 
the ductility decreases as the yield strength 
increases and each type of steel has a char¬ 
acteristic yield strength-ductility relation. 
For a given yield strength the ductility 
was the lowest for the commercial man¬ 


ganese steels with vanadium or titanium 
less than 0.01%; the ductility of the ex¬ 
perimental manganese-silicon - steels was 
somewhat better and compared favorably 
with the commercial manganese-titanium 
and manganese-vanadium steels. The 
lack of correlation between yield strength 
and weld ductility for the commercial 
steels may be caused by differences in 
factors such as melting practice, soaking 
time and temperature, and finishing tem¬ 
peratures in hot rolling. The ductility of 
manganese-silicon steels in the as-roUeif 
condition with vanadium or titanhim 
additions was the most satisfactory of the 
steels tested. The increase in yield 
strength obtained from the alloying addi¬ 
tions of vanadium or titanium is com¬ 
pletely removed by normalizing from 
1675® F. All experimental steels showed 
a slight increase in weld-bend ductility in 
the normalized condition as compared 
with the as-rolled condition (Figs. 7 and 
8 ). 

If an angle at maximum load of 25® is 
required for satisfactory welding, a yield 
strength of approximately 50,000 psi. can 
be obtained using manganese-silicon steels. 
The manganese-silicon steels with titanium 
or vanadium will permit yidd strengths up 


Table 3—Bead-Weld Nick-Bend and Cracking Teei Data 

Experimental Mn-Si Steels 


Experimental Mn-Si Steels with Vanadium 
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Table 4—Maximum Hardness Under 
Bead-Weld 


Experimental Mn-Si Steels 
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292 

66 

300 

384 

277 

38 

212 

383 

281 

38 

3)6 

386 

322 

«r 

132 

396 

322 

69 

3tt 

396 

284 

99 

3)6 

380 

330 

87 

310 

393 

268 

61 

3)6 

367 

287 

a 

3)6 

382 

289 

a 

316 

424 

302 

66 

38 

383 

299 

66 

39 

3a 

319 

65 

391 


to 56,000 psi. to be used. No stateu 
can be made regarding the commeR 
steels as the behavior is influenced 
variables beyond control in these tests. 

Discussion of Hardn— Ben 

The experimental steels in these te 
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Steel 

Jo^nr 

TrtstiBae 

Dl 

Obesreed 

ll 

Dt Oerreet 

0. 8. 2.0 

(Ol')* 

401 

.100 

1.20 

4.2 

1.42 

10.4 

402 

.069 

1.09 

4.2 

1.23 

6.4 

419 

.U5 

1.30 

3.2 

143 

94 

406 

379 

.139 

1.40 

^3 

1.93 

11.0 


.090 

1.19 

4.3 

1*36 

9.6 

.130 

1.39 

3.9 

1.91 

U.6 

410 

.155 

1*49 

3.6 

1.66 

12.9 

409 

349 

.099 

1.20 

4.0 

1.40 

10.1 

373 

.040 

0.99 

4.6 

1.19 

7.6 

379 

.119 

1.90 

4.3 

1.99 

13.3 

371 

.060 

1.09 

4.3 

1.29 

9.0 

404 

.130 

1.39 

3.6 

1.99 

U.6 

407 

.115 

1.30 

44 

1.99 

12.0 

403 

.135 

1*40 

34 

1.56 

11.7 

406 

.190 

1.49 

3.6 

1.66 

13.7 

375 

.129 

1.39 

4.2 

1.60 

12.7 

377 

.109 

1.29 

4.0 

1.49 

10.6 

397 

.160 

1.60 

3.2 

1.79 

U.4 

346 

.170 

1.95 

3.6 

1.72 

12.9 

351 

.160 

1.97 

4.2 

1.94 

19.2 

392 

.160 

1.57 

3.6 

1.81 

13.2 

350 

347 

.229 

1.60 

3.7 

2.09 

16.7 

346 

.200 

1.67 

3.3 

1.69 

14.2 

349 

.240 

1.69 

3.6 

2.12 

16.7 

399 

.295 

2.09 

• 

• 

m 

393 

.209 

1.70 

3.9 

1.90 

14.1 

394 

.240 

1.69 

3.2 

2.03 

16.4 


With ttoediMa 



418 

.149 

1.49 

3.5 

1.63 

13.7 

419 

.199 

1.49 

3.2 

1.99 8 

12.6 

416 

.240 

1.69 • 

4.1 

2.17 

23.4 

396 

.150 

1.45 

3.6 

1.63 

11.9 

360 

.249 

1.67 

4.6 

2.27 

24.4 


.335 

2.26 

4.4 

2.73 

39.6 

W 

.219 

1.79 

4.1 

2,05 

21.7 

364 

.259 

1.92 

4.1 

2.29 

20.4 
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Mb 

sue 
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0. S. 2.0 


374 

.069 

l.*15 

4.4 

1.39 

UT 

4U 

.120 

1.30 

3.9 

1.50 

1L2 

413 

434 

396 

.170 

1.99 

3.6 

1.72 

12.3 

412 

.139 

1.40 

*3.7. 

1.99 

124 

357 

.130 

1.35 

• 

• 

• 

362 

•260 

2*02 

4.6 

2.47 

14.5 

399 

.120 

1.31 

• 

• 

• 

363 

.310 

2.19 

4.4 

2.60 

30.7 



420 

.060 

0.82 

3.3 

0.90 

M 

333 

.210 

1.74 

3.7 

1.99 

17.5 

393 

.160 

1.46 

2.6 

1.99 

124 

334 

.219 

1.77 

3.6 

2.04 

204 

3U 

•200 

1.66 

3.1 

1*62 

15.5 

391 

•190 

1.42 

3.9 

1.63 

194 

392 

.179 

1.97 

3.4 

1.90 

17.2 

364 

.190 

1.60 

1.9 

1.90 

10.7 

369 

.180 

1.90 

1.0 

1.40 


366 

.200 

1.70 

1.9 

1.60 

124 

394 

.160 

1.99 

3.9 

1.91 

164 

396 

.200 

1.66 

3.9 

1.99 

17.1 

360 

.220 

1.79 

1.9 

1.70 

19.5 

399 

.170 

1.53 

3.9 

1.66 

164 

367 

.379 

2.46 

3.4 

2.79 

yJ4 

362 

.174 

1.99 

2.9 

1.69 

19-6 

424 

.270 

2.03 

3.5 

2.32 

2T.7 

363 

•260 

1.96 

4.0 

2.32 

16.7 

361 

•269 

2.00 

3.9 

2.24 

9.5 
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kg.) hardness in the heat-affected zone 
under bead-welds as the yield strength in¬ 
creases. For yield strengths bdow ap¬ 
proximately 50,000 psi. the tnaTtminn 
hardness for the manganese-silicon steels 
is about the same as for those with titan¬ 
ium or vanadium (Pigs. 10 and 11). For 
the higher yield strengths the steels with 
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Fig. 18—Comparison of Yield Streuoth and Cracking Tendency 
at Room Temperature for AU (As-noUed) Steels Used in This 
Study 


• 

titanium or vanadium show an advantage in that a lower maxi¬ 
mum hardness is obtained for a given yield strength. The com¬ 
mercial steels in this study show little difference in maximum 
hardness even though the addition of titanium or vanadium 
greatly increases the yield strength (Fig. 12). 

Discussion of End-Quench Hardenability Results 

The results of the end-quench hardenability tests indicate 
that in general the "ideal diameter" for the experimental 
steels increases with the yield strength (Pigs. 18 and 14). This 
relationship is indefinite for the commercial steels (Pig. 15). A 
comparison of the results of the hardenability test with the nick- 
bend test shows at best only a general trend (Fig. 16). There 
is a general relationship between the hardenability results and 
the maximum hardness in the heat-affected zone (Fig. 17). 

The hardenability test does not appear to be a sufficiently 
sensitive weldability index to differentiate among the steels 
studied in this investigation. 

Discusaion of Cracking Ratulis 

In welding medium alloy steels without preheat, cracking is 
frequently encountered in the hardened heat-affected zone. 
These macro or micro cracks have been referred to as "hard 
cracks" to differentiate from cracking in the weld metal due to 
restraint. It has been suggested that hard cracks are related 
to the dilation characteristics of the weld and base metal. There 
is a possibility of reducing the cracking tendency by synchronizing 
the dilation characteristics of the weld deposit with those of 
the base metal. This may be accomplished either by increasing 
the alloy content of the weld deposit or by raising the tempera¬ 
ture of dilation of the base metal by proper choice of composi¬ 
tion. 

A decrease in power input or in the temperature of the base 
metal, in general, increases the cracking tendency. There is a 
slight tendency for an increase in cracking with an increase 
in the (as-rolled) yield strength. The results of cracking tests, 
as described in a previous section, are presented in Pigs. 18 and 19. 
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The addition of either vanadium or tita* 
nium to commercial manganese steels de* 
creases the cracking tendency. In like 
manner, an addition of vanadium or 
titanium to the experimental manganese- 
silicon steels decreases the cracking 
tendency. In fact, no cracking was 
found even at lO** P. in any experimental 
manganese-silicon steel containing vana¬ 
dium or titanium for yield strengths up 
to 60,000 psi. 

Summary and Concluaions 

From the study of the steels in this in¬ 
vestigation the following conclusions may 
be made: 

1. The weldability of the experimental 
manganese-silicon steels without titanium 
or vanadium is superior to that of commer¬ 
cial carbon-manganese steels and compares 
favorably with that of commercial carbon- 
manganese steels with additions of vana¬ 
dium and titanium. 

2. The manganese-silicon steels have 
less tendency for under-bead cracking 


than commercial carbon-manganese steels. 
The addition of vanadium or titanium de¬ 
creases the tendency for under-bead crack¬ 
ing for both commercial and experimental 
steels. 

3. No cracking tendency was oddent 
for experimental manganese-silicon steels 
having yield strengths up to 50,000 psi. 
For commercial manganese steeb with 
titanium or vanadium additions the 
limiting value of yield strength for no 
cracking was approximately 50,000 psi., 
although the nick-bend ductility was 
somewhat lower for these steels than for 
the manganese-silicon steels. Commercial 
manganese steels with less than 0.01% 
vanadium and/or titanium showed a 
tendency toward cracking when the yield 
strength was above 42,000 psi. Vana^um 
or titanium additions to experimental 
manganese-silicon steeb make it possible 
to obtain a yield strength of 55,000 psi. 
with a nick-bend ductility of 25^ in 1-in. 
plate and with no under-bead cracking 
tendency. 
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Discussion of 'The Measure¬ 
ment of Energy Absorption 
in the Tee-Bend Test"* 

By G. F. Comstockt , 

I N CONNECTION with this comprehensive descrip¬ 
tion of an improved method of using the tee-bend 
test for estimating the welding quality of plate steel, 
the authors have presented in rather extensive tabular 
form a large amount of test data on many types of steel. 
These data seem to be worthy of critical study and dis¬ 
cussion, which is not, however, found in liie paper. 
The writer was especially interested in comparing the 
authors’ results on manganese-titanium steel with results 
he has recently obtained on this same kind of steel in a 
somewhat similar investigation of a smaller number of 
samples. The writer’s work referred to was done on 
commercial steel plates by about the same methods 
described on pages 1249 and 1250 of Metal Progress for 
December 1944, and was published in the March issue of 
the same magazine. The conclusion reached was that while 
plate steel containing 0.14 to 0.17% carbon, 1.25 to 
1.35% manganese and 0.01 to 0.02% titanium Is satis¬ 
factory in strength, ductility and weldability, steel con¬ 
taining 0.13 to 0.15% carbon, 1.15 to 1.30% manganese 
and 0.02 to 0.04% titanium is slightly preferable. Steel 
of this type containing as much as 0.057% titanium was 
found to be undesirable for welding in the as-rolled con¬ 
dition because of notch sensitivity, though after normal¬ 
izing its properties were excellent. 

It is disappointing to find among the twenty manga¬ 
nese-titanium steels listed in the authors’ paper only one, 
No. 172S, meeting our preferred specification, the data 


* Paper by I.eoo C. Bibber aod Julius Heuschkel, in the December 1944 
issue of The Welding Journal. Research Supplement. 

t Chief Meullurtist, The Titanium Alloy Manufacturing Company. Niagara 
Palls. N. y. 


on even this one being incomplete. Some interesting 
comparisons nevertheless can be obtained from a study 
of the authors’ data. As a first step in this study, the 
table below was constructed to show more readily, for 
the titanium steels in the as-rolled condition, (1) the yield 
strength, (2) the maximum (at 70° F.) and minimum (at 
—20° F.) bend angle of the welds at the start of failih^. 
and (3) the maximum (at 70° F.) and minimum (at 
— 20° F.) T-bend energy rating in percentage of the mild 
steel standard. These data, picked out of the authors' 
voluminous tables, are presented below with the carbon, 
manganese and titanium contents of the samples, and 
with explanatory comments as to the apparent effect of 
the composition on the properties reported. The 
authors’ three manganese-vanadium steels are also in¬ 
cluded in the table for comparison. 

These data support quite well the conclusion reached 
from our own work that in manganese-titanium steel to 
be used in the as-rolled condition for welding, the carbon 
should not be over 0.15% with titanium over 0.02%, and 
the titanium should not be as high as 0.057% unless the 
steel is normalized. The authors’ four steels with higher 
titanium, namely, Nos. 163C, 163D, 172C and 172D, 
all gave low bend angles and energy values at the lower 
temperatures as-rolled, although when normalized their 
properties were very good as far as is indicated by the 
data given. 

A requirement of at least 48,000 psi. yield point and 
the following values for the authors' welding data mighl 
be arbitrarily assumed as reasonable for satisfactoiy 
welding and service: 

Max. bend angle at 70° F. must be at least 100°. 

Min. bend angle at —20° F. must be at least 60°. 

Max. energy rating at 70° F. must be at least 115%. 

Min. energy rating at —20° F. must be at least 60%. 

These requirements are near the average for the manga¬ 
nese-vanadium steels, and could be used to separate the 
manganese-titanium samples into satisfactory and com¬ 
paratively unsatisfactory steels, with useful and interest¬ 
ing results. Nos. 172B and 172M would be rejected b*- 
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Tabl* A—Yi«ld Strengtha, T-B«nd AnglM and T>Band Energy Ratingi of Bibber and Heueohkel e Manganeee-Titanium 

and Manganeee-Vemadium Stei^ in the As*RoUed Condition 


Angle at Start of 



Check Analysis 

Yield 

Failure, in Degrees 

Test 


— 

-- ,, 

Point, 

Max. at 

Min. at 

No. 

C 

Mn 

Ti 

Psi. 

70“ F. 

-20“ F. 

163A 

0.11 

1.08 

0.056 

54,920 

116 

69 

B 

0.13 

0.82 

0.041 

49,960 

129 

97 

C 

0.17 

0.88 

0.061 

57,910 

74 

36 

D 

0.15 

0.93 

0.075 

63,100 

73 

41 

E 

0.11 

0.82 

0.061 

66,900 

129 

85 

H 

0.17 

1.10 

0.022 

48,620 

129 

118 

172A 

0.17 

0.75 

0.045 

53,900 

109 

31 

B 

0.11 

0.82 

0.032 

41,480 

117 

129 

C 

0.16 

0.82 

0.080 

62,760 

116 

30 

D 

0.13 

0.82 

0.062 

61,560 

92 

30 

E 

0.15 

0.68 

0.040 

48,240 

106 

73 

H 

0,15 

0.88 

0.060 

62,000 

121 

64 

J 

0.16 

1.20 

0.032 

54,160 

72 

37 

K 

0.12 

0.91 

0.036 

48,580 

119 


L 

0.19 

1.37 

0.030 

62,880 

101 

58 

M 

0.15 

0.92 

0.026 

46,520 

81 

46 

N 

0.17 

1.38 

0.026 

51,740 

69 


P 

0.17 

1.17 

0.044 

51,300 

87 


Q 

0.16 

1.16 

0.024 

62,400 

94 


S 

0.14 

1.20 

0.029 

51,580 

118 


64 

0.12 

1.23 

V 

0.11 

53,580 

122 

57 

86 

0.17 

1.47 

0.12 

52,310 

118 

62 

163X 

0.16 

1.02 

0.11 

52,860 

129 

76 

Average for Mn-V 



52,920 

123 

65 


cause of not meeting the Na^ requirement for yield 
point, owing to a combination of low contents of carbon, 
manganese or titanium. Nos. 172A, 172J and 172P 
have too high C, at least for their manganese and 
titanium contents, and this may apply also to 172Q for 
which some data are lacking. Nos. 172L and 172N have 
both carbon and manganese too high. Nos. 163C and D, 
and 172C and D have too high titanium for satisfactory 
use without normalizing, as was noted above. The 
other eight steels are satisfactory according to the 
assumed requirements. 

Using the yield strength and a weld-bend angle at 
maximum load as acceptance criteria wotild seem to be 
just as satisfactory, at least for this one grade of steel, 
and somewhat more informative as well as simpler, than 
relying entirely on the authors’ suggestion to combine 
the strength and weld-ductility factors in .a single energy 
value through their new method of testing. 

Although the authors’ results are in fairly satisfactory 
agreement with the conclusions we reached from tests on 
fewer samples, a somewhat modified specification for 
manganese-titanium steel can now be suggested on the 
basis of the results obtained from both of these inde¬ 


Energy Compared 


with Standard, % 


Max. at 

Min. at 


70“ F. 

-20“ F. 

Remarks (by present writer) 

133 

82 

High Ti compensated by low C 

116 

90 

Good 

76 

33 

C and Ti too high 

74 

39 

Ti too high 

123 

80 

Low C and Mn compensated by Ti 

127 

113 

High C permissible with low Ti 

107 

26 

C too high 

116 

100 

Too low C and Mn for yield strength 

126 

27 

Ti too high 

95 

27 

Ti too high 

127 

68 

Low Mn compensated by Ti 

128 

64 

Good 

106 

33 

C too high for Mn and Ti 

127 


Probably O.K. 

104 

48 

C and Mn too high 

106 

42 

Mn or Ti too low for yield strength 

108 


C and Mn too high 

115 


C too high 

119 


C high but possibly O.K. 

123 


Probably O.K. 

124 

56 ) 


122 

60 ( 

C and Mn seem high for the prop¬ 

115 

62 f 

erties reported 

120 

69 ) 



pendent investigations. This should be clearly imder- 
stood as applying to plate steels to be tested and used in 
the as-rolled condition. The writer’s recommendation, 
in the report mentioned above, of maxima of 0.17% for 
carbon and 1.35% for manganese in steels with 0.01 to 
0.02% titanium could now ^ extended to apply to steels 
with up to 0.023% titanium to include the authors’ sample 
163H. No other sample of theirs falls within this classi¬ 
fication. 

For manganese-titanium weldable plate steel with 
higher titanium, an upper limit of 0.056% titanium may 
now be recommended unless the plates are normalized 
before use. The maximum carbon in this grade should 
be 0.15%, and the maximum manganese 1.00%, except 
that the manganese may be raised 0.10% for each 0.01% 
deficiency in either carbon or titanium below the specified 
maximum, but not in any instance above 1.35%. 

This proposal is offered only tentatively for discussion, 
and should no doubt be checked by experience with 
further samples before definite adoption. The authors 
deserve much credit and appreciation for making so 
many interesting data available for study. 


Notch Impact Tests of 
Gas Welds* 

ByC.F. Keel 


I N MAY and Jime 1944 we conducted a series of 
notch impact tests on gas welds made with four 
different filler rods and two welders. The rods were: 

VM—0.05 C, 0.51 Mn. 

Bi—0.13 C, 0.49 Mn. 

GV,—0.31 C, 1.43 Mn, 0.29 Si. 

GVs—0.18 C, 1.16 Mn, 0.28 Si, 0.47 Cr, 0.32 Mo. 


A common method of preparing notch impact speci¬ 
mens of welds consists in depositing the rod in an angle 
iron and machining a specimen from the deposit. This 
method is not suitable, because the deposit becomes ex¬ 
tremely hot during welding and alloying elements may 
be lost. In the present investigation this method was 
not used. Instead, welds were made (right-hand weld¬ 
ing) in plates */8 in. thick, 6 in. long. Including reweld¬ 
ing of the root and torch heating of the weld to 900° C. 
after welding, the time to complete a test plate was 12 
min. Eight to ten notch impact specimens were cut 
from each plate. The results are summarized in Table 1. 

* Abstract of "Bssais de r^ilience de soudures autoK^nes” published in 
Jnl. de la Soudure, 34 (11), 200-270 (Novembtf 1944). Translation by G. E. 
Claussen, Research Bngr., Reid-Avery Co. 

t The high notch impact value of osyacetylene welds made with Iow>alloy 
rods and torch normalised has been confirmed by German work (.Jnl. de la 
Soudure, 1937, p. 211). 
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Table 1—Effect of Filler Rod, Notch Position, and Welder on 
Notch Impact Value of Torch Normalized Oxvacetylene 

Welds 



Average Notch 



Impact Value, 

. Number of 


Mkg./Cm.* 

Specimens 

Effect of Filler Rod 

VM 

14.7 

26 

Bi 

14.1 

17 

GVi 

10.4 

17 

GV, 

15.3 

50 

Total 110 

Effect of Notch Position. Fie. 1 

Position 1 

11.8 

38 

Position 4 

13.6 

22 

Position 2 

17.0 

38 

Total 110 

Effect of Welder 

Welder M 

14.6 

44 

Welder D 

13.6 

66 

Over-all average of 110 specimens = 14.1. 



Each of the filler rods yields high notch impact value and 
42% of the specimens were not broken by the pendulum, 
which had a total energy of 15 mkg. Notch position 2 
in the fusion zone yielded the highest notch impact value. 
Of the two welders, welder D was less experienced than 
M and required twice as long to complete a test plate; 
yet the notch impact value of his welds was only slightly 
lower than welder M. Four factors appear to be im¬ 
portant for high notch impact value: 

1. The composition of the filler rod. t 

2. Rewelding the root. 

3. Brief torch normalizing, 

4. The welding method, right-hand welding. 


Among the variables of the test the location of the 
notch is important. The standard Swiss proposal, Fig. 
1, considers five different locations. Ge^an tests of 
gas welds in 1942 showed that location 4 was b^t. 
With arc welds locations 2, 3 and 5 generally give lower 
values than locations 1 and 4, on accoimt of hardening 
of the base metal. With gas welds locations 1 and 4 pve 
the lowest values. 



Fig. l^S%viB 8 Standard Proposal for Locating th« Notchos of 
Notch Impact Speciittens 

For flat position welds the following values are required: base 
metal =• at least 10 mkg./cm.*; weld metal « at least 8.0 mkg./ 
cm.*; heat-affected zone (warmezone) » at least 6.0 mkg./ 
cm.*; S * plate thickness. 


Further tests illustrating this difference are described 
in Table 2, which also shows the notch impact value of 
vertical-upwards wdiding and the effects of root re¬ 
welding and torch norm^izing. The results show that: 

1. Brief heating of the weld with the torch raises the 

notch impact value 43%. 

2. Rewelding the root improves the notch impact 

value 50%. 

3. Root rewelding and torch normalizing combined 

raise the value 77%. 

4. Vertical-upwards welding results in 80% higher 

notch impact value than flat position welding. 


Table 2—Effect of Notch Location and Treatment on Notch Impact Value of Oae Welds 

-Notch Impact Value Mkg./Cra.*- 






Welded from 








One Side Only 


Root Rewelded 

Vertical-Upwards 



Number 

Welded from 

and Briefly 


and Briefly 

Weld Without Root 


Filler 

of 

One Side 

Torch Normalized 

Root Torch Normalized 

Reweld and Without 

Welder 

Rod 

Specimens 

Only 

at a Red Heat 

Rewelded 

at a Red Heat 

Torch Normalizing 

M 

VM 

9 

10.8 





M 

GV, 

12 

4.9 





M 

GV, 

12 


12,8 




D 

VM 

12 

7.i* 





D 

VM 

12 


10.4+ 




D 

GV, 

9 

9.4 





M 

GV, 

9 



16.3 

13.8 


M 

VM 

9 



13.7 

18.7 


D 

GV, 

9 



6.3 

11.6 


D 

VM 

9 



12.3 

13.5 


M 

GV, 

9 





14.9 

D 

GV, 

9 





14.1 

Av. 


110 

8.05 

11.6 

12.15 

14.4 

14.5 




100 % 

143% 

160% 

177% 

180% 

Notch location 

1 

5.6 

7.6 

9.2 

12.1 

9.85 

Notch location 

4 

6.7 

7.9 

11.55 

11.8 

13.05 

Notch location 

2 

11.5 

19.2 

11.96 

16.8 

20.65 

* Notch location 1- 

-2.65 mkg./cm.* 

Notch location 4—2.35 mkg./cm.* 

Notch location 2 

—16.4 mkg./cm.* 


Notch location 1—6.16 mkg,/cm.* 

Notch location 4—4.77 mkg./cm.* 

Notch location 2 

—20.25 mkg./cm.* 
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Model Tests of Weld Reinforcements 
for the Hatch Corners of Welded Ships* 

By Commander G. L. Smith, U.S.N., (Ret.)^ 


Abstract 

A preliminary report is made of tests with model plates to deter¬ 
mine the effect of diagonal welded beads or straps applied to deck 
plating near the comers of hatch openings on ships. It was con¬ 
sidered that by shrinking or compressing the material in this area 
the possibility of cracking under tensile load would be reduced. 

The tests indicate that tensile strains can be introduced into the 
material at the comers of an opening in a plate to prevent a crack 
from starting at the comer under over-all tensile load or to delay 
the starting of a crack at a sharp comer until the ultimate strength 
of the material has been reach^. 

Theoretical calculations show that the reinforcement derived 
from the prestraining set up by welded beads is of the order of 7000 
psi. The welded bead is so small with respect to the area of the 
plate under tension that it cannot appreciably affect the ultimate 
strength of the material, but it does have the effect of increasing 
the elastic limit of the metal in the area around the comer from 
about 25,000 to 32,000 psi., an increase of 28%. 


Introduction 

M any of the structural defects which have de¬ 
veloped in welded ships diuing the past few 
years have taken the form of transverse or 
diagonal cracks starting at the comers of hatches and 
other similar openings in the strength deck. In some 
cases these cracks have carried around the structure and 
the ship has broken in two. 

It is possible that low temperatures may have been a 
contributing cause in some of these failimes, but whatever 
the cause, the problem has been a grave one and the 
necessity for a solution has been most pressing. 

In an endeavor to account for these phenomena and to 
find a remedy, one of the exploratory investigations at 
the. David Taylor Model Basin has taken the form of 
applying initi^ compression to the metal in the deck 
plating near the hatch comers. This is analogous to the 
initial compression applied to the tube of a built-up gun 
by shrinking on hoops or jackets around it. 

Two methods were considered for accomplishing this: 

1. Applying a strap of steel with a high elastic limit, 
such as special treatment steel, to the deck plating at 
each comer of the hatch or other opening. Each strap 

* The idea of applying stresses near the comers of openings in ship plating 
to set up initial strains at critical points originated with Commander G. L. 
Smith. U.S.N., (Ret.), of the David Taylor Model Basin staff, who planned 
the tests and also wrote the rep<^. The tests were carried out by personnel 
of the Structural Mechanics Section, Appendix 1 is the work of Commander 
II. M. WesterKHard, U.S.N.K. Appendix 2 was written by A. R. Cohen, 
Chief Specialist (X) U.S.N.R.. and B. Stiller. Specialist 1/c (X) U.S.N.R. 
t Navy Department, David Taylor Model Basin, Washington, D.C. 
kditor’s Note. A supplemental report by Commander G. L. Smith will be 
published in an early issue of the Welding Research Supplement giving more 
definite information relative to the use of this principle. 


would lie at an angle of about 30° with the longitudinal 
axis of the ship, and would be welded to the deck plate 
only at its ends with welds of strength greater than that 
of the strap. The preloading would be accomplished by 
placing a sheet of heat-insulating material under the 
central portion of the strap, heating the strap to a pre¬ 
determined temperature to make* it longer than the 
corresponding length of deck plating under it, then weld¬ 
ing the ends to the deck plate while the strap was still hot. 

The initial tension set up in the strap would be con¬ 
trolled by the differential temperature. This tension 
would preferably be of such amount that when the ten¬ 
sion in the deck plate at the comer, under fore-and-aft 
load, reached the elastic limit of the deck material, the 
material in the strap would reach its higher elastic limit 
at the same time. 

2. Applying beads of weld metal in areas correspond¬ 
ing to the positions of the straps, heavy enough to set up 
large shrinkage stresses and to place the metal of the deck 
plating under the bead area in initial compression. It 
appeared that weld metal of relatively high yield strength 
would have to be used to prevent craeWng of the weld 
metal before the plate metal reached its elastic limit. 

As this method of applying a reinforcement by pre- 
stressing was quite new, and as no reference data were 
available, tests of relatively small models were intiated 
at the Taylor Model Basin to check the theory. It was 
decided to start with welded beads, as described in para¬ 
graph 2 preceding, because suitable material for making 
the straps was not available. Likewise, it was necessary 
to use the regular Grade EA electrodes for making the 
beads because no better metal for this purpose was avail¬ 
able at the time. The angle selected for the beads was 
30° with the length of the model, representing the fore- 
and-aft axis of the ship, and the wdd was placed at a 
distance from the opening which represented the hatch 
comer equal to the thickness of the deck plating. The 
length, width, depth and other features of the welded 
beads were left to be determined as the tests proceeded. 

Test Specimens and Procedure 

Specimens were cut from medium steel plate for these 
tests. Openings of various shapes and dimensions were 
cut in these specimens to bring out the various conditions 
being explored. All specimens were pulled to failure in 
the (500,000-lb. Baldwin Southwark testing machine at 
the Taylor Model Basin. 
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(a) Beiore Test (b) After Test 

Fig. 1—Exploratory Specimen 300 


This specimen, 5 in. wide by 24 in. long, was cut from V»*in. plat¬ 
ing of medium steel. The rectangular opening was 1 in. by 3 in., 
with comers rounded to a radius oi */m in. No reinforcement was 
applied. 

The roeclmen was tested at a temperature of 80° F., to a maximiim 
load of 31,400 lb., corresponding to a mean stress in the net section 
abreast the opening d 62,800 psi., at which load cracks deTeloped 
at the upper right and lower left comers. Fracture was in the 
ductile mi^e. 

Exploratory Tests 

Seven specimens, cut from ^/s-in. plate, were used in 
exploratory tests to develop the size of weld required 
and to determine which line of investigation woidd be 
most advantageous. Five of these, numbered 300, 301, 
302, 304 and 305,* are shown before and after testing in 
the photographs. Figs. 1 to 5. A rectangular opening 
was cut in each, and welds were applied near the comers 
of the openings in all specimens, except 300, as shown in 
the photographs and described in Table 1. 

Of the two other Vs-io- specimens, one. Specimen 30C, 
was heated along the lines on which welds were applied 
in the others, in an effort to set up compressive strains in 
the plate without using welded beads. The other. 
Specimen 307, was reinforced at the corners of the open¬ 
ing by diagonal straps of furniture steel; this was perhaps 
not a good material for the purpose but it was the best 



(a) Before Test (b) After Test 

Fig. 2—Exploratory Specimen 301 

This specimen, 5 in. wide by 24 in. long, was cut from V»-in. plat¬ 
ing of medium steel. The rectangular opening was 1 in. by 3 in., 
with corners rounded to a radius of ‘/u in. A welded bead Vu in. 
thick, Vi in. wide and 2 in. long was applied */ii in. from each 
comer at an angle of 30° to the centerline. 

The specimen was tested at a temperature of 80° F., to a maximum 
load of 33,000 lb., corresponding to a mean stress in the net section 
abreast the opening of ^,000 psi., at which load it tailed in the 
ductile mode, as shown in Fig. 2 (b). 



(a) Before Test (b) After Test 

Fig. 3—Exploratory Specimen 302 

This specimen, 5 in. wide by 24 in. long, was cut from */t-in. p.i'- 
ing of medium steel. The re^ngular opening was 1 in. by 3 u'. 
with comers rounded to a radius of V» in. A welded b^d ■, 
In. thick, ‘/i in. wide and 2 in. long was applied ‘/j* in. f r om ear- 
comer at an angle of 30° to the centerline. This bead was thei 
ground off to a thickness of */« in. 

The specimen was tested at a temperature of 80“ F., to a maximum 
load of 32,500 lb., corresponding to a moan stress in the net sect:: 
abreast the opening of 65,600 psi., at which load the plating faiie: 
in the ductile mode, as shown in Fig. 3 (b). 

that was available when the model was prepared 
Specimens 306 and 307 are depicted in Figs. 6 and 7 
respectively, and are described in the subtitles of the 
figures. 

Specimen 312 was made up of two thicknesses of ^/ 4 -ii; 
plate held together by two slot welds, as shown in Fig. S 
This model was designed to explore the possibility o; 
welding through diagonal slots in a deck plate to a 
doubling plate underneath. The diagonal slots in tht 
upper or deck plate were Vi« 2 in. long and 

the near side of each slot was ®/u in* from the comer oi 
the opening in the plate; the sides of the slots were 
parallel to each other, •mth no countersink or veeing 
The deck plate was finally welded to the doubling plate 
underneath by filling the slots with weld metal. 

* Through an inadvertence, the number 303 was omitted from the sene 
when markint; the specimens. 



(d) Before Test (b) After Test 


Fig. 4 - Exploratory Specimen 304 

This specimen, 5 in. wide by 24 in. long, was cut freon ' /rir.. ? - 
ing of medium steel. The rectangular opening was 1 in. by 3 
with comers rounded to a radius of Vii to. Two welded 
Vii in. thick, ‘/i in. wide and 2 In. long were applied side by f 
and parallel to each other, */» in. from each corner at an angk - 
30° to the centerline. 

The specimen was tested at a temperature of 80° F., to a m^r - ; 
load of 33,000 lb., corresponding to a mean stress of 66.00C 
the net section, at which load it failed in the ductile mode as -V- 
in Fig. 4 (b). 
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(a) Before Test (b) After Test 

Fig. 5—Exploratory Specimen 305 

This specimen, 5 in. wide by 24 in. long, was cut from Vi-in. plat¬ 
ing of medium steel. The rectangular opening was 1 in. by 3 In., 
with comers rounded to a radius of >/ii in. Two welded beads 
^/i« in. thick, ^/i in. wide and 2 in. long were applied side by side and 
parallel to each other, */k in. from each comer at an angle of 30® 
to the centerline. These beads were then ground down to a thick¬ 
ness of */n in. 

The specimen was tested at a temperature of 80® F., to a maximum 
load of 33,000 lb., correnx>nding to a mean stress of 66,000 psi. in 
the net section, at which load it feuled in the ductile mode as shown 
in Fig. 5 (b). 

Tests oi Thick Plates with Prestressing Welds 

Results of the exploratory tests on ^/g-in. plates showed 
' that the use of w^ded b^ds near the comers of the 
openings gave definite promise of increased strength and 
freedom from cracking in those areas. Subsequent 
specimens were therefore all designed to have diagonal 
welded beads, except a few special and control specimens. 

• Ten specimens were made much thicker; they were all 
' cut from the same */ 4 -in. plate. Three specimens were 
' cut from ^/i-in. plate. The sizes, shapes and positions 
of the openings and the welded beads are given in Table 2 
- and are shown in the photographs referenced in that 
. table. 

Specimen 309 was made up to match a model tested at 
the Taylor Model Basin in a previous series; it is listed in 
Table 2 as Specimen S. Like Spedraen 309 of this pair, 
Specimen S was cooled to a relatively low temperature in 
an effort to produce definitely brittie failme. Compar¬ 
ing the results of the two tests, Specimen 309 with welded 
beads broke at 365,000 lb. while Specimen S without 
beads broke at 303,000 lb. The difference, 62,000 lb., 


is much greater than the computed strength of the 
welded beads, about 7500 lb. 

Specimens 310 and 311 were made up as a pair, with 
and without welded beads, to find the qualitative effect 
of these beads. They were both likewise cooled to about 
72“ F. in an effort to induce brittle failure. For an 
analysis of the energy absorption of these two specimens, 
see Appendix 2. 

Specimens 313 and 314 were provided with special 
openings and narrow slots, which the results of previous 
tests indicated might cause sharp cracks and brittle 
failures. Both of these specimens were cooled to 38° F. 

The specimen with the welded beads developed slightly 
more tensile strength but failed at the comers. 

This test show^ that the welded beads were too small 
to compensate for the heavy stresses. 

On the next pair of plates. Specimens 315 and 316, the 
welded beads were made larger. One plate was ch^ed, 
but both broke near the middle of the opening, showing 
that the previous small welded beads were not adequate. 

In Specimens 317 and 318 the width was reduced to 10. 
in. because of the limited amount of */ 4 -in. plate remain¬ 
ing. The welded beads on these plates were spaced from 
the corners a distance equal to one and one-half times the 
thickness of the plate. Both gave satisfactory results. 

Tests of Thick Built-up Plates 

Specimens 319, 320 and 321 were made up as special 
models at the suggestion of the Director of the Tec^cal 
Division of the United States Maritime Commission to 
represent more nearly the conditions which would exist 
in the actual strength deck of a ship. Each model was 
assembled by using two long strips for the sides and by 
welding in two short strips at the ends, leaving the hatch 
opening between the latter strips. In this manner there 
was a longitudinal weld beyond each of the four corners 
of the opening. The diagonal welded beads were then 
applied over the longitudinal welds, as indicated on the 
photographs. Figs. 19, 20 and 21 and in Table 3. 

The tests on some of the specimens indicated a possible 
lack of imiformity in the distribution of the testing- 
machine loads, as applied across the width of the intact 
plate in the model. Specimen 321 was therefore fitted 
with eight metalectric strain gages, four on each side of 
the plate underneath the upper loading head. The gages 
were placed as shown in the diagram with Fig. 22. 

Dining the pulling of Specimen 321 it was noted that 
the strains were loc^zed off the middle of the 6- by 12- 
in. opening, with little evidence of any excessive strains 


Table 1-—Characteristics of Exploratory Specimens and Results of Tensile Tests 


SpeclMn 

S«e 

riguT* 

Hathod of Pr«'Str«S3lng 

Test Teap. 
degrees P 

Haxlaum 

Load 

pounds 

Kean Stress 

Ib/ln* 

Mode of 
Pailure 

Reaarka 

>00 

1 

Hone 

80 

51,400 

62,800 

Ductile 


>01 

2 

Welds \/\6 in. thick, 

1/8 in. wide, 5/16 In. 
from comers. 

60 

55.000 

66,000 

Ductile 


>02 

5 

Welds 1/52 In. thick, 

1/8 in. wide, 5/l6 in. 
froa comers. 

80 

>2,500 

65,600 

Ductile 


504 

4 

2 weld beads l/l6 in. 
thick. 1/8 in. wide, 

5/l6 in. rroa comers. 

80 

55,000 

66,000 

Ductile 


>05 

5 

2 weld beads 1/52 In. 
thick, 1/8 in. wide, 

>/l6 in. from oomepa. 

60 

>3.000 

66,000 

Ductile 


>06 

6 

Heat applied over areas 
covered by welds in other 
apeciaans. 

3o 

>2.000 

64,000 

Ductile 


307 

7 

1/8-in. X 1/16-In. straps 
in tension in place of 
weld beads. 

60 

>2.000 

64,000 

Ductile 

Streps ware furniture 
steel, cna failed be¬ 
fore plate cracked. 

>12 

8 

Weld deposited in slot 

5/i6 in. wide fUilng 
slot and projecting 
slightly above, deck plate. 

75 

1>8,000 

69,000 

Ductile 



All specimens were single thicknesses of Vi- 
in. medium steel plating, with the exception of 
Specimen 312 which consisted of two ‘A-in. 
thicknesses welded together through slots 
near the comers of the opening. Each speci¬ 
men had an opening 1 in. by 3 in., with corners 
rounded on a ^/i«-in. radius except Specimen 
312, which had sharp comers. Prestressing 
treatment was appli^ over areas 2 in. long 
and of various widths at an angle of 30® to the 
centerline. 
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in line with the welded beads. This shows the decidedly 
greater effectiveness of the welded beads in pairs over 
single beads. 

Test Results 

The results of the tests of the seven exploratory speci¬ 
mens, 300, 301, 302, 304, 305, 306 and 312, are shown 
by the photographs in Figs. 1 to 7, inclusive, and in the 
legends below them. For easier comparison they are 
listed in Table 1. 

Figures 8 to 19, inclusive, and Table 2 give the results 
of tests of the twelve specimens of */ 4 -in. plating, and 
Figs. 20, 21 and 22 and Table 3 give those for three 
specimens built up of Va-in. plating. 

Discussion of Results 

As was the case with small model tests of this kind 
made and described recently in another Taylor Model 
Basin report, the models were all too narrow to give an 
adequate representation of the structure of a ship’s 
strength deck. However, neither the thickness nor the 
width of the larger specimen could have been increased 
appreciably without exceeding the maximum load on the 
testing machine, especially in view of the possible in¬ 
creased strength to ^ found in the various models. 


A welding material superior to the standard Grade 
EA electrode in yield strength and ductility would un 
doubtedly have produced some improvement, but in 
view of the generally excellent performance of the welded 
beads on these specimens, this feature is probably of 
secondary importance. When a prestressing weld is 
made to full s<kle on a ship, it is proposed that the beads 
run lengthwise of the weld area, about as shown for the 
double beads in Figs. 4 and 5. Two or more beads would 
be laid at each corner and would be of varying lengths to 
avoid a sudden termination of shrinkage strains. 

As the thickness of the Vr specimens 

lies in the region where the size and scale effect is still in 
determinate, too much reliance should not be placed upon 
the performance of these models as affording predictions 
of full-scale performance with plates of Vs-in. or greater 
thickness on a ship. 

Despite these various shortcomings, the tests show 
unmistakable evidence of considerable advantage in the 
use of welded beads for prestressing ship material, in 
locations where cracks may normally be expected imder 
severe service. It is rather surprising to note that this 
advantage is much greater than would be expected from 
any increased strength due to the welded bead itself. 

In this connection there is included in Appendix 1 a 
mathematical analysis of the general problem presentedin 
the introduction, which was prepared by Comdr. H. M 
Westergaard, U.S.N.R., who was on temp)orary duty 



Fig. 6—Exploratory Specimen 306, After 
Failure 

This specimen, 5 in. wide by 24 in. long, 
was cut from V»*in. plating of medium steel. 
The rectangular opening was 1 in. by 3 in., 
with corners rounded to a radius of Vie in. 
Heat was applied over areas corresponding 
to those covered by welded beads in the 
preceding exploratory specimens; see 
Fi^. 2 to 5, inclusive. 

The specimen was tested at a tempera¬ 
ture of F., to a maximum load of 32,000 
lb., corresponding to a mean stress of 
64,000 psi. in the net section, at which 
load it failed in the ductile mode as shown 
in the photograph. 
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Fig. 7—Exploratory Specimen 307, After 
Failure 

This specimen, 5 in. wide by 24 in. long, 
was cut from Va-in. plating of medium 
steel. The rectangular opening was 1 in. 
by 3 in., with corners rounded to a radius 
of Via in. Straps of furniture steel */u in. 
by Vie in. by 2 in. were welded to the 
plate */\t in. from the corners at 30“ to the 
centerline, as shown in the photograph. 
The straps were attached while hot. 

The specimen was tested at a tempera¬ 
ture of F., to a maximum load of 32,000 
lb., corresponding to a mean stress of 
64,000 psi. in the net section, at which 
load it failed in the ductile mode as shown. 
One of the straps fractured before the 
plate. 


Fig. 8—Exploratory Specimen 312, After 
Failure 

This specimen consisted of two medium, 
steel plates ‘A in. thick by 5 in. wide, wth 
a 1-in. 1^ 3 in. rectangular opening cut in 
each, "nie specimen was made up tn 
represent a section of deck plating with a 
doubler plate underneath. Slots ‘/u ifi- 
by 2 in. were cut through the deck plate 
*/i8 in. from the corners of the opening and 
at a 30“ angle to the centerline, and the 
two plates were welded together through 
these slots. 

The specimen was tested at a tempera¬ 
ture of 75“ F., to a maximum load of 136; 
000 lb., corresponding to a mean stress d 
69,000 psi. in the net section, at which load 
it failed in the ductile mode, as shown in 
the photograph. The deck plate fractured 
across the ends of the weld beads, mani¬ 
festly due to incomplete fusion of the we:i 
metal with the plate metal at the ends cf the 
slots. 
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Tabu 2—CharactarUtios of Spaeixnans 'A In. Thick, and Raaults of Tanilla Taata 


Specimen 

See 

Figure 

308 

9 

309 

10 




Welds 1A In. thick, 
3/8 in. wide, 3 in. 
long, 3A in. froa 
comers at 30* to 
centerline. 


Welds 1/4 In. thick, 
3/8 in. wide, 3 in. 
long, 3/** in. from 
ends of slot, parallel 
to centerline. 



310 

n 

311 

12 

■ 315 

13 

1314 

14 

315 

15 

316 

i6 

B 

17 

318 

18 



Welds 1A in. thick, 
3/8 in. wide, 3 in. 
long, 3A in. from 
comers, at 30* to 
centerline. 






Welds 1A in. thick, 
3/8 in. wide, 3 in. 
long, 3A in. froa 
comers at 30* to 
centerline. 


Welds 1A in. thick, 
3A in. wide, 6 In. 
long, 3A in. from 
ends of saw cuts at 
30* to centerline. 


Welds 1A in. thick, 
3A in. wide, 6 in. 
long, 3A in. from 
ends of saw cuts at 
30* to centerline. 


Welds lA in. thick, 

3A in. wide, 6 1/2 in. 
long, 1 1/8 In. from 
ends of saw cuts at 
20* to centerline. 


Welds 1/8 in. thick, 

3/4 In. wide, 6 1/2 in. 
long, 1 1/8 in. from 
ends of saw cuts, on 
front and back, at 20* 
to centerline. 


* This specimen was part of an earlier series tested at the Taylor Model Basin. 





Test Temp, 
degrees P 

Maximum 

Load 

pounds 

Mean Stress 
Ib/ln* 

Node of 
Failure 

Remarks 

79 

408,000 

55.800 

Ductile 

12 inches wide. 

75 

365,000 

50,800 


Paired specimens, 

12 Inches wide. 

75 

303,000 

42,100 

Brittle 

without welded 
beads. 

73 

421,000 

56,200 

Ductile 

Paired specimens, 

12 inches wide. 

71 

418,000 

56,000 

Ductile 

without welded 
beads. 

38 

387,000 

51,500 

Brittle 

Paired specimens, 

12 Inches wide, 
with special slots 

>3 

399.000 

53.200 

Brittle 

tie failures, one 
specimen with and - 
one without welded 
beads. 

82 

407,000 

54,500 

Ductile 

Paired specimens, 

12 Inches wide. 

38 

428,000 

57.000 

Ductile 

room temperature, 
and one chilled. 

58 

328,600 

56.200 

Ductile 

Paired specimens, 

10 Inches wide. 

The amount of weld 
metal was the same 
In both, but was 

72 

328,000 

56,200 

Ductile 

Bide of Specimen 

317, and divided 
between front and 
back of Specimen- 

318. 


at the Taylor Model Basin during most of the period 
when these tests were being made. This analysis shows 
that the advantage to be gained by introducing initial 
compressive strains can be computed with the formulas 
given in his analysis. 

Although the capacity of the ship material for absorb¬ 
ing energy is not a primary consideration here, as it 
would be were the material to be used as part of a struc¬ 
ture to protect against imderwater explosions, the 
capacity of the assembly to absorb energy is nevertheless 
considered a definite indication of its ability to resist 
rupture and fracture. 

An anal 3 ^s of the increased ability of a structure pre¬ 
stressed with welded beads to absorb energy has been 
made by Messrs. Cohen and Stiller of the Taylor Model 


Basin staff. This analysis, quoted as Appendix 2, indi¬ 
cates that of the two comparison specimens, Nos. 310 and 
311, the specimen with the welded beads absorbed about 
35% more energy before fracture than that without the 
beads. In this case there was no appreciable difference 
in 3 deld strength or ultimate load, although the difference 
shown in the photographs is strildng. 

Appendix 1 

Stopping a Crack by Locked-up Stress 
Statement of the Problem 

Commander G. L. Smith, U.S.N. (Ret.), David Taylor 


REINFORCEME N T S FOR HATCH CORNERS 


Digitized by 


Google 






































































































Table 3—Charactariatics of Built«Up SpMimena V> In. 
Thick, and Reaulta of Tensile Twta 


Weld beads 8 in. long were deposited at 30* to the centerline on 
all specimens. 


-1 

Fleur* 

Cgnflcmtien 


T«ap. 

d*er**d r 

nutiwA 

pound! 

Nftn Sirti! 

Ib/ln* 

Nod* or 
FtlluT! 

)>9 




□ 

h 

s 

1 ti*ld b«*d 1/8 In. 
Uiieti, 1/2 In. 

1 In. rro* 6om«r. 

In 1 p«M. 

£0 

>•2).000 

M.ooo 

BrlltU 

UO 




1 TCld MM 1A In. 
tniek, In. aU*. 

In. Cfvm eorTMr, 
d*pg*St*d in 2 pftdMi. 

1*2 

^OJ.OOO 

£>.'00 

CMCllU 



_ 1 


4 

\ 

- 

f 

2 Mid M.di 1A in. 

UiUk. 3A In. .la*. 

1/2 in. ^xrc, )A In. 
from conwr. dMdiliM 
in 2 pn.M.. 


^).000 

£2.900 

Duelll* 


Model Basin, has proved by tests that the ultimate 
avera^ tensile stress s„ on the gross cross section of a 
plate like that shown in Fig. 23, in which a stress raiser 
such as the slit 1~2 is present, can be increased apprecia¬ 
bly by placing beads of weld along lines such as 3-4 and 
5-^ in the figure. The beads of weld and immediately 
adjacent narrow regions of the plate will be in tension 
after cooling. The effect on the remaining portion of the 


plate is essentially that of applying four forces P at the 
ends of the weld, as indicated in Fig. 23. The forces P 
can be assumed to remain practically constant; the 
stresses that they create are locked-up stresses. 

Without the tension s the forces P create stress con¬ 
centration in compression at the ends of the slit; but, 
vice versa, without the forces P, the tension s creates 
stress concentration in tension at the ends of the slit. 
With the forces P present to begin with, and with the 
tension j increasing gradually from zero, when s reaches 
a particular value p, the stress concentrations in tension 
and in compression will neutralize each other, leaving 
only moderate stresses on the cross section along the 
plane of the slit. 

As the tensile stress s is increased beyond the neutraliz¬ 
ing value p, the excess s — p will produce stress concen¬ 
tration in tension. Since the initial pattern of stress 
concentration in tension and that in compression are 
essentially alike though of opposite sign, it is reasonable 
to assume that the excess s — p will be a proper measure 
of the approach toward failure; accordingly one may 
assume that the ultimate stress on the cross section 
may be expressed approximately for the formula 

= 5o + /> (1) 

in which r# is the ultimate stress without the benefit oi 
the locked-up stresses. Thus the neutralizing stress p 



tig. 9—Specimen 308 

This specimen, 12 in. wide by 24 in. long, 
was cut from */<'in. plating of medium 
steel. The rectangular opening was 2.4 
in. by 7.6 In., with square corners. Welded 
beads */« in. thick, Vt in. wide and 3 in. 
long were applied in. from each corner 
at an angle of 30* to the centerline. 

The specimen was tested at a tempera¬ 
ture of 79* F., to a maximum load of 
406,000 lb., corresix>ndjng to a mean stress 
of ^,600 psi. in the net section, at which 
load it failed in the ductile mode, as shown 
in the photograph. 


Fig. 10—Specimen 309 

This specimen was 12 in. wide and 24 in. 
long, cut from */4-in. plating oi medium 
steel. A circular opening •/« in. in dia¬ 
meter was drilled at its center, and lateral 
hacksaw cuts normal to the centerline of 
the plate extended the width of the qpening 
to 2Vi in. Welded beads 3 in. long, •/« in. 
thick and */% in. wide were applied in. 
from the outer end of each saw cut, 
parallel to the centerline. 

The specimen was tested at 75* F., to a 
maximum load of 365,000 lb., correspond¬ 
ing to a mean stress of 50,800psi. in the net 
section, at which load It failed in the 
brittle mode as shown in the photograph. 


Fig. 11—Specimen 310 

This specimen, 12 in. wide by 24 in. long, 
was cut hxxn 'A-in. plating of medium 
steel. The rectangular opening was 2 in. 
by 7.2 in., with square comers. Welded 
bMds ^A in. thick, *A in. wide end 3 in. 
long were applied *A in. frmn each conm 
at an angle of 30* to the centerline. 

The specimen was tested at a tempera¬ 
ture of 73* F., to a maximum load of 421,000 
lb., corresponding to a mean 8trees'<^ 
56,200 psi. in the net section, at which load 
it failed in the ductile mode as shown In 
photograph. 

The specimen was cut up after the test to 
supply data for the calculation of energy 
absorption, givmi in Af^ndix 2. 
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Fig. 12—Specimen 311 

This specimen was identical with Speci* 
men 310, Fig. II, except that welded 
were not applied. It was tested at 71“ F., 
to a maximum load of 418,000 lb., corres¬ 
ponding to a mean stress of 56,000 psi. in 
the net section, at which load it failed in 
^e ductile mode. This specimen, like 
Specimen 310, was cut up after the test to 
supply data for the calculation of energy 
absorption given in Appendix 2. 


Fig. 13—Specimen 313 

This specimen, 12 in. wide by 24 in. 
long, was cut from ’A-in. plating of mild 
steel. The shape of the ori0nal opening 
can be reconstructed from the photo¬ 
graph. The length of the opening was 7.2 
in. and its greatest width was 2 in., tapering 
down to 1 Vj In. at the ends, with transverse 
hacksaw cuts at one end increasing the 
width to 2 in. 

The specimen was tested at a tempera¬ 
ture of F., to a maxi m um load of 387,000 
lb., corresponding to a mean stress ol 
51,500 psi. in the net section, at which load 
it faileci in the brittle mode as shown. 


Fig. 14—Specimen 314 

This specimen was identical with Speci¬ 
men 313, Fig. 13, except that welded l^ads 
*/4 in. thick. */t in. wide and 3 In. long were 
applied in. from each corner of the 
opening at an angle of 30“ to the center- 
line. It was tested at a temperature of 38“ 
F., to a maximum load m 3^,000 lb., 
corresponding to a mean stress ^ 53,200 
psi. in the net section, at which load it 
failed in the brittle mode as shown. 

The fracture at the upper left comer of the 
opening did not break the welded bead. 


will serve as an estimate of the gain of strength obtained 
|by the locked-up stresses. 

I While the value of may be in the plastic range, it 
jean be assumed that the neutralizing s^ess p is in the 
elastic range. The determination of p thus is a problem 
of elasticity. Results of a solution of this problem are 
stated in the next section; thereafter an example is dis¬ 
cussed; the derivations are presented last. 

The slit may be interpreted as a crack. 

i^'ormula for the Neutralizing Stress 

The important features of the locked-up stress are de¬ 
fined by stating the compressive stresses q that vjfould 
exist across the plane of the slit between the ends of the 
-slit, if the slit had not been cut. Since the stress patterns 
can be assumed to be symmetrical with respect to both 
nxes X and y in Fig. 23, no shear stresses are assumed to 
accompany q on the plane of the slit. Furthermore, the 
pressure q may be stated with adequate approximation 
in the form 

3 = «. + 3. (j) + ?.(*)+.. + (2) 

in which g#. qt, - • • qu are constants and c one-half the 
length of the slit. If a diagram for q is known from ex¬ 
periments, the values of the coefficients 3 s • • - can be 
fitted to the case. 


The formula for p is stated in terms of the coefficients 
5 o, qi, ... The formula is 

.1 .1X3 .1X3X5 . 

/> = 3o + 2^’ ^ 2 X 4 X”6^* + ■ • + 

1 X 3 X 5...(2n - 1)_ , 

2 X 4 X 6...2n ^ ^ 

Formulas (2) and (3) are applicable regardless of 
whether only the four forces P or a greater number of 
such symmetrically arranged forces are produced by the 
welds. 

Example 

Assume that q = Q.'Zk at x = 0; g = 0.5jfe at x = 0.5c; 
and q = k zX X — c qX the end of the slit. Assume, 
further, that it is sufficient to include the first three terms 
on the right side of (2). Then 

3 = 8. + «.(*) +«.(*)' (4) 

and 

go = 0.2A 

go + 532 + j^34 = 0.5A (5) 

3* + 3* + 3^ ~ ^ 
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Solution of (6) gives 

9 o = gfe, 33 = |a, and q* = - (6) 

The corresponding value of the neutralizing stress is, 
according to (3), 


This stress p obtains a maximum when = c 5/3. 
The maximum is 

04 

Pm^ “ 55 ^ “ ® 

which represents a further gain. 


/I . 1 w 4 3 ,, 8 \ ^ 2 , _ 

^~\ 5 '^ 2^3 8^15)*' 3* 

so that, for example, k = 10,500 psi. would give p = 7000 
psi. as the gain due to the locked-up stresses. 

The example will serve to illustrate a further possible 
gain; namely, by an extension of the slit by cracks form¬ 
ing at the ends and reaching the points x « Ci and x = 
—Cl. If (4) still applies, with Ci replacing c, qt and 34 
wiU be replaced by 33 (ci/c)* and qi(ci/jc)*, respectively, 
and (7) will be replaced by 


'=[!+i(?y-K5y]‘ 


DerivcUions 

Equation (3) can be derived by a method of analysis 
whici is explained elsewhere.* The normal stress© 
and the shearing stress (in the directions indicated in the 
upper part of Fig. 23) are stated in the form 


— Re Z — y Im Z' Vt 

(10) 

= Re Z y Im Z' 

(H'f 

Tty = —y Re Z' 

(12‘ 


in which Z is an analytic function of the complex variable 
r = X -f- iy; Z' = dZ/dz; oo is a constant; and the sym 
bols Re and Ira stand for "the real part of" and th 



Fig. 15—Specimen 315 Fig. 16—Specimen 316 Fig. 17—Specimen 317 


This specimen, 12 in. wide by 24 in. long, 
was cut frcan ‘A-in. plating of medium 
steel. The opening was rounded at one 
end and rectangular at the other, with 
transverse hacksaw cuts on each side of 
the rectangular end. Its length was 7.2 
in.; its width was 2 in. for 5.7 in. of its 
length from its rounded end, tapering to 
1.5 in. at the rectangular end, with trans¬ 
verse hacksaw cuts increasing the width 
to 2 in. Welded beads V* in- thick, 'A in. 
wide, and 6 in. long were applied *A In. 
from each of the two notched comers at an 
angle of 30“ to the centerline. 

The specimen was tested at a tempera¬ 
ture of 82“ F., to a maximum load of 407,000 
lb., corresponding to a mean stress of 
54,500 psi. in the net section, at which load 
it failed in the ductile mode as shown in the 
photograph. 


This specimen was identical with Speci¬ 
men 315, Fig. 15, except for the fact that 
the welded beads which were originally 
somewhat thicker, were ground down to a 
thickness of ^A in. 

The qMcimen was chilled to a tempera¬ 
ture of 38“ F., and tested to a maximum 
load of 428,000 lb., corresponding to a 
mean stress of 57,000 psi. in the net sec¬ 
tion, at which load it failed in the ductile 
mode, as shown in the photograph. 
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This specimen was 10 in. wide by 24 ir. 
long, cut from ‘/i-in. plating of mediuit 
steel. The opening was like those in 
Specimens 315 and 316, Figs. 15 anid 16. 
Welded beads ^A in. thick, */t in. wide and 
6^/* in. long were applied 1‘A‘in. froia 
each of the notched corners at an angle d 
20“ to the centerline. 

The specimen was chilled to a tempera¬ 
ture of 38“ F., like Specimen 316, and 
tested to a maximum load of 328,000 lb. 
corresponding to a mean stress c4 56.20C 
psi. in the net section, at which loaid i: 
tailed in 6ie ductile mode, as shown in the 
photograph. 
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Fig. 18—Specimen 318 


Fig. 19—Specimen 319 


This specimen was identical with 
Specimen 317, Fig. 17, excrot that in¬ 
stead of two weld^ bMds ‘/i in. thick 
on one side of the plating, four welded 
beads ^/% in. thick were applied, two on 
the front and two directly opposite on 
the back. 

This specimen was tested at a tem¬ 
perature of 72” F., to a maximum load 
of 328,000 lb., corresponding to a mean 
Stress of 56,200 pei. in the net section, 
at which load it failed in the ductile 
mode, as shown in the photograph. 


This specimen was 22 in. wide by 24 in. Iona, built up of */rin. plating of medium steel. 
Two plates, 6 in. wide 1:7 8 in. long, separatea by a space 6 in. by 8 in., were welded be¬ 
tween two side plates e in. by 24 in., leaving a 6- by 8-in. opening in the assembly. 
Welded beads 8 in. long, */t in. wide and ^/t in. thick were deposited in one pass 1 in 
from each comer at an angle of 30” to the centerline. 

The specimen was testecl at a ^piperature dL 60” F., to a maximum load of 423,000 lb., 
corresponding to a mean stress of 53,000 psi. in the net section, at which load it failed in 
6ie brittle mode as shown in the photograph. 



Fig. 20—Specimen 320 


Ttg. 21—Specimen 321 


Specimen 320 was 24 in. wide by 36 in. long, 
built up of ’/rin. plating of mild steel. It was 
similar to Specimen 319, Fig. 19, except diat 
the longitumnal welds were off^ from the 
comers, leaving an opening 8 in. by 12 in. 
Two-pass welded beads 8 in. long, 'A in. thick 
and */« in. wide were applied */< in. frcxn each 
comer. 

The specimen was tested at a t«nperature of 
42” F., to a maximum load d 505,000 lb., 
corresponding to a mean stress of 63,100 psi. 
in the net section, at which load it failed in the 
ductile mode, as shown in the photograph. 

Specimen 321 was 22 in. wide and 36 in 
long, built up of ^/rhi. platina of madinm gfeel. 
The side plates were 8 in. wide. Two plates, 6 
in. wide by 12 in. long, were welded between 
the ends cs the side plates, leavina a 6- by 12- 
in. opening. Two parallel weldea beads 8 in. 
long, V* in. thick and */a in. wide, d^x>eited 
Vt in. apart, were appU^ ’A in. from each 
comer at an angle of 30” to the centerline. 

The roecimen was tested at a temperature 
of 50” r., to a maxim ttm load of 503,000 lb., 
correspcnding to a mean stress of 62,900 psi. 
in the net section, at which load it failed in the 
ductile mode, as shown in the photograph. 

Four metalectric strain gages were attached 
to the front and four to thie back of the speci¬ 
men, as shown in the photograph and in Fig. 
22, to check the distr^tion cs load for uni¬ 
formity. The data thus (Stained are plotted 
in Fig. 22. 
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Strain In inchM par inch 


Fig. 22—Stieu'Strain Curves Showing Dii- 
tribution of Load in Specimen 321 

At point R the load became fairly uniforr: 
across the plate. The stresses were slighti/ 
above the yield point, shovring fairly unifcrr 
distribution across the plate. 


“imaginary part of,” respectively. Stresses defined by 
(10) to (12) obey the laws of elasticity. 

■The load to consider in selecting the function Z in (10) 
to (12) consists of a tension g pulling the upper and 
lower sides of the ^t together; and a tension p applied. 
at the upper and lower ends of the plate. 1^en the 
tension q is superposed on the locked-up compression q 
existing after the placing of the welds but before the 
cutting of the slit, the result is that the sides of the slit 
become imloaded as they are in fact. The tension p is 
to be chosen so that the combination of the tensile loads 
p and q produce no stress concentration at the ends of the 
slit. Then the resultant system of stresses in the whole 
plate will be obtained by superposition of two systems: 
one is the locked-up stresses existing before the cutting of 
the slit but after the placing of the welds; the other is 
the system created by the tensile loads p and q and ex¬ 
pressed through (10) to (12) with a proper choice of Z 
and ao. 

If the distributed tensile load q were replaced by two 
equal and opposite concentrated forces Q applied at x = m 
and pulling the sides of the slit together, the function Z 
would assume the following form, which is obtained by a 
minor modification of Equation (40) in an article by 
H. M. Westergaard:* 


\/z* — 


^ (s — u)‘n/c^ 


(13) 


Equation (13) is verified by noting that in the immediate 
vicinity of the singularity at z = «, the dominant part of 
Zi becomes 

■z. = — ' . (14) 

jr(z - m) 

which, according to Equation (17) in the Westergaard 
reference cited above,* represents Boussinesq’s problem 
in the case of two dimensions. Furthermore Zi — 0 at 
2 = ±c, and Z\ converges toward a constant when z 
becomes great. 

In the case at hand Q in (13) will be replaced by q du, 
and the expression is to be integrated over the length of 
the slit with q interpreted as a function of u. This leads 
to the following formula which still requires verification: 


Z = 


_ Vs’ - 


-T — 

J-c(z - u 


qdu 


)Vc^ - tt’ 


(15) 


• See "Beariog Pressures aad Cracks,’* by H. M. Westergaard, Jnl. <jf 
Appht6 Meckanu.'i, Transactions, A.S.M.E.. pp. A-49 to A-53 (June 1939). 


It will be sufficient to investigate Z in (15) for the cast 
in which q consists of the last term in (2) only. Then 


and, by (15), 

z = gg»Vg* ~ 


ire" 


f' du _ 

J-t{z — tt)Vc’ — tt’ 


Equation (17) gives 

2 = 2!.(*)’"[i - "'^1 - 


(IHi 


(17) 


(ISi 


in which 


+ ... + 


1X3X 5 

2X4X6 


00) 


At the end of the slit, at z = ^c, Equations (11), (18 
and (19) give = Z = qz^y so that when the locked-up 
stress is superposed, the resultant c, becomes zero. 

When x’ + y’ > c’, Equation (19) may be restated as 
the convergent series 


W = 


1 


1 X 3...(2w - 1) 
2 X 4...2n 


©1 


2n 4- 


V' -(0' 


2 » + 2 

which, substituted, in (18), gives 


When z becomes great compared with c, Z converges 
toward the value 


_ 1 X 3...(2n - 1) 

P O xl o.^ g* 


( 22 ) 


2X4.. .2« 

and yZ' converges toward zexo. Furthermore, if is 


266-8 


WELDING RESEARCH SUPPLEMENT 


MAT 


Digitized by v^ooQie 



•yllNtimotc Strns) or • or p (Noutrolizing StroM) 



chosen equal to —p, in accordance with (10) to (12), 
will converge toward zero, toward p, and t,, toward 
zero. This verifies the last term in (3) and therefore the 
whole formula. 

Conclusion 

In the case illustrated in Fig. 23 the value of p in 
Equation (3) furnishes a suitable estimate of the gain 
due to the locked-up stresses. 

Appendix 2 

Calculation oi Energy Absorption of Two 0.750-In. 
Thick Steel Plates 

Two 0.750-in. thick notched steel Specimens 310 and 
311 were prepared as in Fig. 24. They differed only in 



Fig. 24—Configuration of Specimen 310 

Ch^nical analysis of the material indicates that it is very similar 
to Navy Specifications 48-S-5 medium steel plate. 


that Specimen 310 had the deposits of weld metal indi¬ 
cated in Fig. 24, while Specimen 311 did not. Tensile 
test heads were welded to both specimens and each was 
subjected to tensile loading. Upon completion of the 
tests, the test heads were cut away. 

Energy absorption was calculated for each of the plates 
in accordance with the thinning-strain technique based 
on the octahedral shearing stress-strain relations of the 
material. 


Tabl* 4—Calculated Enargy Absorption of Spaeimona 310 
and 311 


SpeelMD 

Original 

Thickness 

Inches 

Yield 

Load 

Ib/ln* 

Ultlnate 

Load 

Ib/in* 

Teat Teap. 
degrees 7. 

Approxlaate 

Energy 

Absorbed 

Inch'pounds 

310 

0.750 

240.000 

421,000 

73 

1,540.000 

511 

0.750 

260,000 

418.000 

71 

1.140,000 


Results of the energy calculations are given in Table 4. 
Although tensile loading of Specimens 310 and 311 
revealed no differences in yield and ultimate loads, the 
energy-absorption values indicate 

Energy of 310 ^ „ 

Energy of 311 

Thus there was a marked difference in the behavior of the 
two plates, even though this was not indicated by the 
critical load values of the tests. 

A more complete description of the tests and energy 
calculations is planned in a future Taylor Model Basin 
Report. 


1948 


REINFORCEMENTS FOR HATCH CORNERS 


Digitized by 


Google 


267.t 











Report on Stress Corrosion Cracking 

of Boiler Plate Steel 

By James T. Waber, Hugh I. McDonald, and Bruce Longtint 


I NTEREST in the stress corrosion cracking of boiler 
plate steel in aqueou^ nitrate solutions arose when 
an all-welded steel settling tank handling sodium 
nitrate liquor cracked abundantly in the region of the 
welds in service. Faulty welds were chipped and re¬ 
welded, but this treatment was of no avail as both the 
old and the new welds continued to crack. The remedy 
was eventually achieved by a stress-relief treatment of 
the welds. 

Three characteristics of this cracking phenomenon 
were noticed: That the cracks were intercrystalline, 
that they occurred in the region of high stress and that a 
concentrated solution was the corroding medium. 
These latter two factors alone have been reported by 
Schroeder and Berk^ as the cause of the intercrystalline 
cracking commonly identified as caustic embrittlement. 
Other authors have noted this collateral behavior of 
steels in nitrate liquors and boiler feed waters.*' * 

Nowadays caustic emtnittlement is commonly re¬ 
garded as a stress corrosion phenomenon as is the crack¬ 
ing of mild steel tanks handling hot nitrate liquors. In 
most cases of stress corrosion investigated to date, the 
cracking has been associated with the precipitation of a 
solute phase from a supersaturated solid solution. The 
stress corrosion of mild steel appears to be of this type. 
A literature survey showed that carbon contents greater 
than 0.15%, low nitrogen content and residual metallic 
aluminum 1^ to good resistance to cracking. 

It has been postulated that the applied stresses ac¬ 
celerate the precipitation of the solute phase. In this 
reaction two new phases are formed. Then the corrosion 
mediiun attacks the product phase which is anodic with 
respect to the parent solid solution. In general, the 
precipitate will be formed at the grain boundaries, so 
that the corrosion cracking will be intergranular. A 
fuller discussion of this theory will appear dsewhere.* 
From the experiments in t^ laboratory on the effect 
of applied stress it has been shown that there is a critical 
stress, less than the yield point. When the applied stress 
exceed this value, crac^ng becomes rapid. This im¬ 
portant effect of stress has apparently been overlooked in 
the previous researches on caustic embrittlement and 
stress corrosion cracking of mild steel. Information 
about the magnitude of the critical stress would be quite 
valuable in designing future structures. The work 
described below was carried out by stressing channel 
shaped specimens and maintaining the stress with a 
stud, and then immersing them mai^y in calcium nitrate 
solution. The shape of the specimen was chosen after a 
photoelastic analysis had revealed that such a specimen 
had a large area of constant stress. The calcium nitrate 
solution was selected from a group of corrodants men- 
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tioned in the literature, on the basis of its lower corro¬ 
siveness. General corrosion obscures the cracking and 
the corrosion products contaminate the corroding solu¬ 
tion. 


Experimental Procedure and Results 

At the beginning of this project, the first three steps of 
the proposed plan were: to develop testing methods 
suitable for producing cracking; secondly, to study the 
influence of such variables as heat treatment, stress 
level, chemical analysis of the steels, composition and 
acidity of the corroding solution, etc., and, thirdly, to 
study the mechanism of stress corrosion cracking. At 
the present, the first stage of the research has been 
accomplished as samples tiave been cracked repeatedly 
and microscopic examination shows the cracks to be 
intercrystalline. The influence of the composition of the 
solution, of heat treatment and of stress level have been 
investigated. 

Preparation of Specimens 

In prq^aring the specimens for tests of susceptibility 
to crackmg, samples were cut from prepared channel¬ 
shaped specimens by a milling macl^e cutter. Steel 
plates ^/i X 9 X 18 in. were b^t in a brake to form a 
channel having the approximate size of 6 x 1$ in. with an 
outside radius of Vt in. at both bends. These formed 
pieces were stress reeved by heating 3 hr. at 900° F. 
and then furnace cooled. They were descaled. In 
this condition, specimens were suteequently heat treated, 
descaled and ground to 120-grain finish on a belt grinder. 
This surface appears to be suitable since surface corrosion 
was light and the cracks were easily discernible. 

Suitable stress was applied to the specimens by a lever 
arm device. This equipment and the method of obtain¬ 
ing the load vs. appUed stress calibration curve has been 
described elsewhere.* The arrangement of nuts on the 
stud to maintain the stress was also explained. When 
loading the specimens care had to be taken that the nut 
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0.015 

Manganese 

0.40 
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0.27 

0.41 

0.84 

Aluminum 
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trace 
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trace 


Sulphur 

0.034 

0.016 
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NiUvgen 
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0.007 


ASTM spec. 
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inside the span of the channel and the stud did not 
partially support the applied load. In such a case» the 
calculated stress in the outer fiber of the span would be 
too high. 

When high stresses were applied to the corrosion speci¬ 
mens, considerable trouble was caused by the tie rods 
cracking. The spring-like action of the loaded deformed 
arch propelled the two ends of the cracked tie rod through 
the Pyrex flasks. A partial remedy was achieved by 
putting a passive film of iron phosphates on the stud. 
This passivating treatment whi<^ resembles Parkerizing, 
extended the life of tie rods about sixfold. 


Table 2—Phyaical Ihropartiea and the Effect of Ouenching 
Temperature 
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• lee yield point eloagatioa, value probably high* 


The loaded specimens were fully immersed in the test 
solution which was contained in a wide-mouthed, 2-Uter 
Erlenmeyer flask. A water se^ condenser has proved 
to be quite satisfactory in mini mizi ng solution loss. 

Material Used 

For testing the susceptibility to cracking, four different 
steels were used: two basic open hearth and two Bes¬ 
semer products. Two additional steels from basic open- 
hearth practice were used in age-hardening tests. These 
steels met A.S.T.M. A 10 and A 212 specifications. The 
detailed chemical analyses of all of these steels are given 
in Table 1. 

The tensile strengths of the several steels were deter¬ 
mined using strips of the steels which had been heat 
treated and machined to suitable dimensions and 
dressed by a belt grinder. The method of estimating 
the yield point of individual specimens is discussed in 
another section. 

The studs used are quarter-inch stove bolts cold 
formed from S.A.E. 1010 steel wire. For the weight loss 
tests employed id conjunction with those of cracking 


Table 3—Summary o£ Data on Teste o£ Cracking Suscepti¬ 
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Table 4—Cracking of Permanently Deformed Specimens 


SpM. gtn TrftMBt tn Ub. le. 
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susceptibility, small coupons of a mild steel and of Armco 
iron were used. Reagent grade chemicals were dissolved 
in distilled water. 

Results of Cracking Tests 

In the beginning of this research, an effort was made to 
find under what conditions specimens crack. The cor¬ 
roding solutions and the heat treatments given to the 
specimens of three types of steel were altered. The 
sp^mens were loaded to 20,000 or 30,000 psi. and all 
failed to crack in 300 hr. Samples were heated to above 
A\ and and then were either cooled in air or quenched 
in brine. The test solutions employed were ammonium 
nitrate, ammonium chloride and the mixed ammonium 
and calcium nitrate solutions. Cracking was not pro¬ 
duced in any of these experiments. The results of these 
preliminary tests are listed in Table 3. 



Fig. 1—Photomicrograph of Crack Found in a Sample of No. 

101 Steel Quenched from 1900° F. and Tested in the Calcium . 

Nitrate Solution. Etched in 10% Picral. 2S0 X 

It was noticed that in all previous researches specimens 
were bent cold to the desired shape. As a prdiminary 
test, specimens quenched from 1900 and 1325° F. were 
plastically deformed by a small amount. The residts of 
this work are given in Table 4. 

It has been reported that the carbon content of a steel 
intended for resistance to caustic embrittlement should 
not fall below 0.15%. It is important that the sup¬ 
posedly resistant steels, laboratory numbers 101 and 102, 
with 0.18% carbon were cracked. But these samples, in 
spite of quite s imilar nitrogen contents, cracked less ex¬ 
tensively than the Bessemer steel, number 103. 

A microscopic examination revealed that there were 
many tiny intercrystalline cracks in the vicinity of each 
large crack. Such a crack has been photographed and is 
presented in Fig. 1. 

On the basis of the age-hardening theory an alloy 
when age hardened, i.e., partially precipitated, should 
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Tabltt S—Summary of Data on Aging amd Cracking Sus- 
captibilitiM 
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crack more rapidly than the same material would when 
it was fresh from the solution heat treatment, and an 
overaged and fully precipitated alloy should crack more 
rapidly than the partially precipitated metal. As a 
test of this hypothesis samples of steels, numbers 102 
and 104, were quenched in brine from 1700 and 1900® F. 
They were then aged at 60® C. for 300 and 400 hr. The 
results of these tests are given in Table 5. 

A comparison of experiments, numbers 25-2 and 25-3 
shows a very little difference in the time required to 
crack the specimens aged 300 and 400 hr. There are 
slightly more, large cracks in the sample aged longer. 
There are no other strictly comparable data. 

In order to evaluate the effect of stress on rate of 
cracking, fresh specimens were heated at 1900° F. for 3 
hr. and then quenched in brine. They were then loaded 
to different levels of applied stress. For the most part 
the stresses were less than the yield point. These tabu¬ 
lated results are given in Table 6. 

In the case of sample 30-1, a single rupture crack 
occurred in the bend of the sample, which had been in¬ 
advertently deformed before the immersion in the test 
solution. From the tests, numbers 30-1, 2, 3 and 4, the 
effect of stress on cracking time appears to be slight. 


Table 6—Effect of Stress on Time of Cracking Steel Samples 
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Apparently these specimens would have cracked at 
lower applied stresses. In the series 32-1 through 32-5 
by changing the loading from 92 to 98% of the estimated 
yield point, the crac^ng time was sharply reduced. 
Notice that the aged sample, 25-3, loaded to 93% cracked 
abundantly in a shorter time than the fresh sample 
loaded to 92% of the yield point. 

The ammonium nitrate solution seems to be slower is 
cracking this steel. One example is the group of tests, 
numbers 28-3 and 29-10 compared with 25-3. However, 
there is no specific ability of ammonium nitrate or of the 
mixed nitrates solution, to cause cracking. 

The results of Tables 5 and 6 qualitatively agreed with 
the theory and indicate that rapid cracking occurs at 
lower relative stresses with the aged specimens. A 
better correlation must wait until more reliable data are 
available. 

The most significant feature of the results is that there 
is a stress less than the yield point at which mild steels 
crack rapidly. Furthermore, this critical or threshold 
stress appears to be dependent upon the metallurgical 
condition of the steel, i.e., heat treatment, chemical 
analysis, residual stresses, etc. 

Tests with Welded Specimens 

A few specimens which contained multipass welds 
were immersed in the mixed nitrates solution but they 
failed to crack. This was probably due to the fact that 
the short welds produced low residual stresses. 

The several specimens used in this preliminary work 
were butted and welded with No. 5 Fleetweld electrodes 
The plates about 1 in. wide and Vi in. thick were beveled 
to 60°. Two beads were laid down and then a backing 
bead was added. Steels, number 101 and 102 were 
employed as mill annealed. They contain 0.18% carbon 
and almost identical amounts of the other elements. 

Three specimens cont^ning differently located weld¬ 
ments were tested without any applied stress. Two flat 
strips 6 in. long and about 1 in. wide were butt welded, 
and the top bead was ground level with the plate surface. 
Two specimens of the usual chaimel shape and 1 in. wide 
were butt welded together. Another conventional speci¬ 
men approximately 1 in. wide was sawed in two at the 
center of the span, beveled and butt welded. A perspec¬ 
tive sketch of such a specimen is given in Fig. 2. Al¬ 
though these specimens were tested over 450 hr. they 
did not form any cracks. 

Two more specimens were then made with the weld 
placed at the center of the span and extending laterally 
across the piece. These were loaded to about 75% of 
the yield point of the steel as-received. The outer fibtf 
stress was calculated for the base plate. The manner of 



Fig. 2—Perspective Sketch of a Channel-Shaped Specimeo 
About 1 In. Wide, and Having a Lateral Weld E^endio? 
Across It 
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loading was the same as that used on the usual type of 
specimens. These samples were tested for 250 hr. and 
when the tie rods cracked the testing was discontinued 
temporarily. The description of these tests is listed in 
Table 7. 


Lab. 

Table 7—Saminary of Tests vrith Welded Specimens 

Applied 

ToUl 

No. 

Description of Welds 

Stress 

Hours 

102 

Butt weld between two flat plates. 
Weld 6 in. long. Top bead ground 
smooth 

None 

549 

101 

Lateral weld on channel specimen, 1 
in. long. Top bead ground level 
with surface 

None 

549 

102 

Two channel specimens butt welded 
together. Weld 8 in. long 

None 

454 

101 

Lateral weld across usual specimen. 
Weld 1 in. long and top bead ground 
level with plate 

33.0 kips 

260 

101 

Weld laterally across specimen and 1 
in. long 

30.4 kips 

259 


Despite the fact that high tensile stresses are known to 
be locked up in the region adjacent to the weld* the 
application of the*relatively high stress to these welded 
specimens failed to bring about cracking. The explana¬ 
tion of this is possibly due to the fact that the critical 
stress bears a constant ratio to the yield point of quenched 
specimens. In the h^t-affected zone, the yield point 
rises sharply dragging with it the critical stress. In this 
area, the sum of the low residual and the applied stresses 
is less than the critical stress: i.e., less than approxi¬ 
mately 95% of the yield point. Hence nowhere on the 
specimen are there total stresses larger than the critical 
stress. Improved specimens made by welding longer, 
wider plates or with welds perp>endicular to the trans¬ 
verse l^ad, would lock up higher stresses and should lead 
to cracking. 

Age-Hardening Tests 

These experiments in aging of the mild steels sprung 
from an attempt to correlate the susceptibility of the 
steel to precipitation hardening and its resistance to 
cracking by stress corrosion. 

A series of experiments were conducted at the tem¬ 
perature of the tailing test solution both with and with¬ 
out applied loads. There was a lack of reproducibility 
in certain repeated tests. In studying the effect of the 
solution heat treatment on the aging, samples of the 
steels were quenched in brine after heating 3 at 1900° 
F. All of these samples showed a considerable increase 
in hardness when aged at 60° C. The results of a few of 
these precipitation.hardening tests are presented in Fig. 
3. All of the incubation periods are about the same 
order of magnitude except for steel 105 quenched from 
1900° F. The aging occiured in the period 10 to 100 hr. 

A number of tests were made on previously tested 
samples heated 3 hr. at 1900° F. and quenched in brine. 
The a^ng of these samples was carried out at 105° C., 
which is the boiling point of the mixed nitrates solution. 
Prior to aging the specimens were loaded to varying 
stress levels of 50,000 to 70,000 psi., but showed a lack of 
reproducibility. Qualitatively, there was a marked 
acceleration of the precipitation cycle. A number of 
stressed specimens softened due to overaging between 100 
and 400 

The time required for overaging by the stress corrosion 
cracking is of the order of 10 to 20 hr. Because of the 
concentration of stress in the vicinity of the crack, 
stresses are approximately twice the total stress. This 



Fig. 3—Graph of the Results ol the Age-Hardening Experiments 


high stress might hasten the precipitation reaction, by 
this amount. In the stress “accelerated” quench aging 
tests, no stresses of this magnitude have been applied. 

Selection of the Solution . 

Nehl and Werner® selected a mixture of calcium and 
ammonium nitrates from several solutions and com¬ 
mented that the results obtained agreed well with the 
experience of I. G. Farbenindustrie. Smialowski’ re¬ 
garded ammonium nitrate better than calcium and 
sodium nitrates. Borgman® reported that the alkali 
chlorides were the least corrosive of a large number of 
chlorides. The test solution was chosen from these 
three solutions on the basis of corrosiveness. 

Weight loss specimens were tested in ammonium 
nitrate, ammonium chloride and the mixture of ammo¬ 
nium and calcium nitrates. The results of these tests are 
given in Table 8. 


Table 8—Summary of Weight Lobs Experiments 


Inch Penetra¬ 
tion per Year 



Acidity 

Immersion 


MUd 

Corroding Solution 

pH 

Time, Hr. 

Armco 

Steel 

Ammonium nitrate 

6.45 

140 , 

0.0777 

0.1415 

Ammonium' chloride 

4.45 

200 

0.0352 

0.083 

Calcium and ammonium 





nitrates 

... 

140 

0.0159 

0.0048 


The concentrations of these solutions were: 1500 
gm. per liter of ammonium chloride, 318 gm. per liter of 
ammonium nitrate and 1500 gm. calcium and 83 gm. 
ammonium nitrates per liter. The mixed nitrates solu¬ 
tion was the least corrosive. Later it was shown to 
crack the samples rapidly. These reasons together 
with the industrial experience dictated the choice of the 
mixed nitrates solution. 
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For the tests, small metal coupons were drilled, buffed 
to a bright finish, degreased in benzene, measured and 
weighed. ■ They were suspended in the solutions by glass 
hooks hung from the water seal condenser. To avoid 
contamination the test solutions were replaced daily. 
At this time the specimens were dried and weighed. 
The scale was blue black in color, and not easily detach¬ 
able. No attempt was made to remove this adherent 
scale before weighing. The hydrogen ion concentration 
of the solution was determined by a Coleman glass 
electrode type pH meter. 

Selection of the Specimen 

There are two types of stress corrosion specimens: 
constant stress or constant strain. The constant de¬ 
formation type, although imsuitable for aluminum or 
magnesium base alloys, because of their low creep 
strength, are nevertheless more convenient. In most of 
the researches on the stress corrosion cracking of mild 
steel, the samples have been cold bent or loaded beyond 
the elastic limit before testing. It was decided to use 
constant strain specimens loaded to some stress less than 
the yield point. A typical sample except for the trans¬ 
verse weld, is seen in Fig. 2. 

The shape of the corrosion specimen was chosen after 
a photoelastic analysis had revealed a large area of con¬ 
stant stress.® A bakelite scale model of the sample 
was prepared and annealed. Inspection of the model 
when loaded eccentrically revealed the stress pattern of 
simple bending. In the region of the bend there was a 
slight diminution of stress, but no concentration. 



Fig. 4—Photograph of Stress Pattern of Scede Model with Two 
Saw Cuts Simulating Cracks 


Two saw marks were cut into the model, and the stress 
pattern after loading again was photographed. This is 
presented in Fig. 4. It will be noticed that the smooth 
pattern of simple bending was disturbed in the vicinity 
of each “crack.” 

The stress concentration factor was about 2.3. The 
radius of the region of disturbance was only about one 
and a half times the depth of the “cracks,” and this was 
confirmed visually by using the loaded model with saw 
cuts of differing depths. In the presence of cracks, the 
stress in the outer fiber remains unaltered throughout 
the bulk of the specimen. 

In the horseshoe type specimens also used in this kind 
of study, the stress in the outer fiber varies from point to 
point along the j>erimeter. The stress reaches a maxi¬ 
mum at the point farthest removed from tie rod. A 
crack forming in this high stress region would change the 
stress pattern around the summit. There would be no 
region of relatively constant fiber stress along the per¬ 
imeter. 

Estimation of the Yield Point 

Individual specimens of the cracking tests were loaded 
to a fraction of their estimated yield points. The yield 
points of these samples were found to vary although they 
were from the same heat of steel and given the same heat 
treatment. Better accuracy was expected by using the 
estimated yield point of the individual samples. 



Tensile strength and Brinell hardness can easily 
correlated.*® From this linear relation and the oili 
data presented by Patton, a 3 deld point curve can 
drawn such as Fig. 5. The two dashed lines represe 
the probable limits of error in estimation. The dol-da 
curve is the probable ultimate limit. The open cirt 
are points taken from Table 2, and the black ctrc 
represent the jdeld points of the two samples from t 
1900° F. quench, which had such low yield point elor.s 
tions that the beam did not drop appreciably. 

The hardnesses listed in Table 2 are substantialh' I< 
than the maximum attainable. Bums and associate 
published curves showing the maximum hardness ( 
tainable as a function of the carbon content. T 
relation is shown in Fig. 6, and the lower curve represei 
the typical hardnesses obtained in conunerdal quencbi 
practice. This curve is also the minimum for obtaini 
the best properties after tempering.** The black circ 
were taken from Table 2 and the open circles were 
lected from Table 5. 

Future Experiments 

It has been shown already that cathodic protecii 
effectively retards the stress corrosion cracking 
aluminum alloys and brass. It is planned to apply t 
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of fundamental research, the most informative experi¬ 
ment is the elimination of the elements responsible for 
age-hardening reaction by wet hydrogen treatment. 
Plates 6 X 13 in. will be welded together to form the 
specimens for futtu% tests in this field. Such samples are 
advantageous because stresses near the yield point are 
developed and the exact distribution of stresses has often 
been measured. 
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Summary of Results 

It has been possible to crack a number of mild steels 
by stress corrosion, although two of these had been re¬ 
garded as resistant. This stress corrosion cracking was 
found to be intercrystalline. 


A satisfactory experimental procedure has been 
evolved from the preliminary tests. Both the shape of 
the specimen and the test solution were chosen after tests 
revealed them to be the best of several choices. When 
high applied loads were used, the tie rods cracked and 
broke the filasks. This trouble was solved by “passivat¬ 
ing” the rods. 

The proposed age-hardening mechanism was partially 
confirmed. However, the most significant result is that 
the steels crack at stresses slightly less than the yield 
point, provided that the threshold stress, which was 
found, ha.s been exceeded. There was no specific differ¬ 
ence in action between the ammo nium and the mixed 
nitrates solutions, as both caused cracking. 

The procedure for estimating the yield points of steels 
from the Brinell hardness was scrutinized and found to 
give yield points slightly less than the determined 
values. The steels although quenched were incom¬ 
pletely hardened. 
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Pressure Vessel Research 


At the request of several leading pressure vessel manu¬ 
facturers a conference was called on March 15th which 
was attended by some 40 representatives of manufac¬ 
turers and users of pressure vessels and tanks. It was 
practically the unanimous opinion of this group that a 
research committee should be organized by the Welding 
Research Council to conduct needed research in this 
field. The wide variety of problems needing solution will 
make it somewhat difficult for a Planning Committee 
to select a reasonable number of the most important of 
these problems and to concentrate on the solution of 
these. The suggestions for needed research ranged from 
the most practical problems involving design considera¬ 
tions of heads, openiijgs and the like to more fundamental 
problems involving the properties of metals and their 
plastic flow at different temperatures and states of tri- 
axial stress, studies of strain aging and the like. 

A Planning Committee has been appointed with Walter 
Samans as chairman. The Planning Committee has in 
turn appointed four sub-committees dealing with ma¬ 
terials design, fabrication and inspection and testing. 


All suggested problems on each phase will be carefully 
considered and turned over to a competent Research 
Committee to be appointed later. Fundamental prob¬ 
lems wUl be assigned to or coordinated with existing 
project committees of the Welding Research Council 
such as Weldability and Stresses. Failures have oc¬ 
curred in welded pressure vessels but the causes are 
usually a combination of unfavorable circumstances 
rather than any single reason. Moreover, the combina¬ 
tion of circumstances are not always the same. More 
exact scientific knowledge would enable more economical 
and safer designs 

Representatives of three universities namely, Purdue, 
University of Illinois, and Illinois Institute of Technol¬ 
ogy presented definite programs of research covering 
many of the problems suggested for study. These pro¬ 
grams, together with the other suggestions received will 
be turned over to the Planning Committee. The repre¬ 
sentative of the companies present indicated that the 
necessary financial support for conducting needed investi¬ 
gation would be forthcoming on the presentation of a 
suitable program. 

Anyone having interest in this work is respectfully 
requested to communicate with the Welding Research 
Council, 29 West 39th Street, New York 18, N. Y. 
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Progress Report on GraphitizatLon of 

Steam Lines’ 

By S. L. Hoyt and R. D. Williamsf 


T he finding of segregated graphite alongside a 
welded joint in a carbon-molybdenum steel 
steam line of the Springdale Station of the West 
Penn Power Co. in January 1943^ was as surprising as it 
was disturbing. While graphitization of high-carbon 
tool steels or medium-carlwn, high-silicon steels has long 
been recognized, is avoided in tool steels and sought in 
graphitic steels, only one case of graphitization in low- 
carbon, low-silicon steel had been recorded. This case, 
described by Kinzel and Moore,* occurred in an oil-crack¬ 
ing tube operated at a higher temperature than that of 
the Springdale line. The graphitization at Springdale 
was the first occurrence of the kind ever reported in 
metallurgical history. Furthermore, this pronounced 
segregation occurred under conditions where any metal¬ 
lurgist would have said it would be very difficult, if not 
impossible, to accomplish. 

Following the discovery of graphitization at Spring- 
dale, the power stations were quick to take samples from 
their own lines to determine what their situation might 
be. For this, weld prober samples were removed at and 
adjacent to the welded joints and examined for graphite 
and tested for ductility. With data on materials, weld¬ 
ing conditions and service history, this work has con¬ 
tributed substantiaUy to the basic understanding of the 
problem and has been of great assistance to the research 
work which is being done. 

Due to the zeal of the power industry itself and of its 
suppliers, numerous other investigations were started, 
primarily to determine the steps necessary for repairing 
joints which had already graphitized. To date these 
auxiliary studies have produced a large amount of in¬ 
formation on graphitization of both carbon-molybdenum 
and plain-carbon steel piping, particularly on remedial 
measures and on the conditions which produce graphite, 
but there is still some doubt about the best prescription 
for either existing lines or new lines. On the other hand, 
such a situation cannot wait for airtight proof, and steps 
that seem logical have to be taken at once in advance of 
absolute proof of their adequacy. 

Subsequently, a Joint Subcommittee on Graphitiza¬ 
tion was set up by ^e Edison Electric Institute and the 
Association of Edison Illuminating Companies which 
initiated a research investigation at Battelle Memorial 
Institute for the purpose of studying the fundamental 
causes of graphitization. Further objectives were to 
detennine what steps could be taken to “cure” graph¬ 
itized joints in present lines, or to prevent further graph¬ 
itization, and to determine for new pipe which steels 
would best resist graphitization. The last-named ob¬ 
jective involves investigating the effects of both steel 
composition and melting practice. The outlining of the 
research program was facilitated by the data already 
obtained by the other investigators. This work has been 

* This paper was presented at the Aooual Meeting of the American Society 
of Mechanical EnKineers, Graphitization of Piping Session. December 1. 1944. 
t Battelle Memorial Institute. 


in progress for over a year under the supervision of the 
Joint Subcommittee and is discussed in a later section of 
this progress report. 

As a result, not only of the Battelle investigation, but 
particularly of many of the other investigations, results 
of which have been made available to the Joint Sub¬ 
committee as a central agency for the correlation of all 
data on the subject, measures have already been adopted 
for safety of present steam lines and security of new ones. 

It is the purpose of this progress report to discuss the 
situation to date, including tte renovation of lines in 
which graphite is forming and the composition and de¬ 
oxidation practice of steel and its heat treatment for the 
fabrication and erection of new lines. Welding is being 
given particular attention, since it is the welding opera¬ 
tion that sets up the highly localized conditions that 
concentrate or segregate the graphite along a narrow 
band. 

The condition referred to was well illustrated in a 
paper by Mr. R. W. Emerson, presented at the 1943 
A.S.M.E. symposium on graphitization of piping and 
published in April 1944.* The graphite appear^ as dark 
streaks or “eyebrows” about Vs to ’/u in. away from the 
weld. Closer inspection showed that they followed the 
outer contours of the heat bands product by welding 
and that they were extremely narrow. When fully de¬ 
veloped, these graphite bands ran across the entire 
cross section of the pipe and, of course, made the pipe 
very brittle at that place. Examination has shown that 
the graphite segregates or concentrates at the place where 
the stock was heated during welding to approximately 
the Aci point of the steel. In multipass welding, these 
isothermal lines of successive passes intersect each other 
so that, more precisely, the graplute streak follows the 
outer envelope of the Aci isothermal lines. In some in¬ 
stances there may be additional nodules of ^aphite dis¬ 
tributed throughout the mass of the steel, as in malleable 
cast iron, but the graphite in the Springdale joints is 
severely restricted to narrow zones. While it is this 
segregated type of graphite as a continuous band that 
produces complete embrittlement, earlier stages have 
also been encountered which show graphite nodules in 
discontinuous rows, like beads on a string. This latter 
type of graphitization reduces the ductility and is very 
likely progressing toward the “eyebrow” condition. It 
was this latter type that initiated the numerous research 
investigations to discover the causes of graphitization and 
to provide a remedy or a ciue. 

The many minds being brought ^ bear on this prob¬ 
lem, coupled with the materials from many sources and 
of various service records which have been provided for 
its study, have all helped to establish a proper under¬ 
standing of its complexities and to line up research pro¬ 
grams to attack the important points. The present re¬ 
port is intended to cover these investigations in brief or 
abstract form. 
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Eaqplanation cd Graphitizatiou 

It is useful to remember that carbon is not in its stable 
form in steel when it occurs as the iron carbide, "ce- 
mentite.” In spite of the apparent stability of this car¬ 
bide in the common carbon steels, in which it is the active 
strengthening and hardening constituent, the iron car¬ 
bide has a definite, though usually slight, tendency to 
change to the stable graphite. A familiar example of 
this is malleable cast iron in which the carbide, with the 
assistance of a small amount of silicon, readily forms 
nodules of graphite when the initially “white” iron is an¬ 
nealed. While it is well to know ^s, such knowledge 
is not particularly helpful in explaining the fact of 
graphitizatiou and embrittlement of steam lines. More 
correctly stated, this knowledge does not help us to 
understand the specific and highly local conditions which 
are responsible, nor does it t^ us very precisely how to 
proceed to avoid it. Among the various explanations of 
graphitizatiou in steam lines which have been advanced, 
the following seem to be particularly pertinent: 

Effect of Aluminum Deoxidation 

It has been shown by Austin and co-workers* in their 
work on the formation of graphite in carbon tool steel 
that deoxidation of the steel by aluminum has a definite 
accelerating effect. While aluminum is known to act 
like sUicon in promoting graphitization, this case seems 
to be one of nucleation of graphitization by the small 
particles of alumina which are present. Work on the 
present program strongly supports this postulate, and 
both wrought- and cast-steel sections of pipe lines which 
have seriously graphitized are known to have been de¬ 
oxidized in manufacture with about 2 lb. of aluminum 
per ton. On the other hand, there is evidence that the 
rate of graphitization is proportional to the metallic 
aluminum content of the steel, rather than AljOj. 

Fine-Grained Abnormal vs. Coarse-Grained Normal Steel 

The addition of aluminum to steel (during deoxida¬ 
tion) also affects some of the finer details of the structure 
of die carbide constituent, particularly by tending to 
spheroidize the carbide and to produce an “abnormal” 
structure. This latter tendency is brought out in the 
AIcQuaid-Ehn test which gives a more and more abnor¬ 
mal case structure as the amount of aluminum is in¬ 
creased. It is held by some that the spheroidal form of 
carbide is more easily graphitized. Bearing in mind’ 
that this segregated graphite forms at the place where 
the steel was heated to die Aci temperature, an accelera¬ 
ting effect of aluminum deoxidation is not iUogical, since 
that is known to promote spheroidization of die carbide 
when steel is heated in this way. 

Effect of Steel Structure 

It has been the practice frequently to weld hot-upset 
ends of pipe which were in a grain-coarsened condition. 
The structure thus produced is thought to be more sus¬ 
ceptible to segregated graphitization than a fine-grained 
normalized structure would be, though present evidence 
is not final on this point. The carbon-molybdenum 
steel, with 0.5% molybdenum, also gives the typical 
“molybdenum structure,” also referred to as “Wid¬ 
manstatten structure,” when air cooled from a high tem¬ 
perature; while, upon slow cooling, it has the common 
ferrite plus pearlite structure. The latter is thought to 
be more stable and less susceptible to graphitization. 

Effect of Graphite Nuclei 

An interesting observation on a limited number of 


samples was made by the Lunkenheimer Co. to the effect 
that steels which were found to graphitize in service 
showed a small amount of graphite when analyzed in the 
original condition, while steels which showed no graphite 
on chemical analysis did not graphitize in service. Some 
steels which have not as yet graphitized in service but 
which show graphite on chemical analysts may be on the 
road to graphitization. This suggests that graphite 
nuclei, like nuclei of alumina, may be playing an import¬ 
ant role in graphitization. 

Carbon, Solubility in Alpha Iron 

It is known that carbon is slightly soluble in alpha 
iron and that its solubility varies, at least slightly, over 
the temperature range involved in power station service. 
While tWs behavior is but very loosely imderstood at the 
best, it is possible that the temperature fluctuations in 
service may assist in producing nuclei of the stable 
graphite phase and hence accelerate graphitization. This 
is not thought to be a major factor, since in the tests at 
Battelle Memorial Institute the temperature swings are 
reduced to a minimum, and yet there is no difficulty in 
producing graphite in steels which are otherwise graph- 
itizable. Mr. H. J. Kerr has made a similar observa¬ 
tion on a creep-test specimen whose temperature was 
held even more closely constant. 

. Effect of Stresses 

Service lines are under stress and at certain sections 
the stresses are unavoidably concentrated, though pre¬ 
cautions are taken to keep these stresses at a minimum. 
The question arises as to a possible accelerating effect 
of these stresses on graphitization. Tests run by Public 
Service Electric & Gas Company, Newark, N. J.,‘ show 
more graphite in specimens which are heated when under 
stress, ^me of ^ese results will be reported later on. 
It is expected, furthermore, that samples obtained from 
the creep-test program of the Joint High Temperature 
A.S.M.E.-A.S.T.M. Committee will t^ow additional 
light on this effect. Some samples of this type have al¬ 
ready been examined, and the information to date sug¬ 
gests that the role of stress is that of accelerator of graph¬ 
itization and not a primary cause. 

Effect of Molybdenum 

There is not much doubt that the molybdenum in these 
steels is a retarder of graphitization or a mild stabilizer. 
In other words, the evidence to date supports the practice 
of operating the carbon-molybdenum steel at somewhat 
higher temperature than would be feasible for straight 
carbon steels, in so far as freedom from graphitization is 
concerned. On the other hand, the effect of molybdenum 
is only partially understood, and most cases of graph¬ 
itization to date have been observed in carbon-molyb¬ 
denum steels. That is doubtless because of the higher 
operating temperatures made feasible by their higher 
creep strengths. The Research Laboratory of the 
United States Steel Corp.® has advanced the thought that 
molybdenum carbide does not graphitize and ^at the 
graphite found in steam lines very likely came from iron 
carbide. Carrying this idea fiirther, they suggest a 
treatment for the welded joint at about 1300® F. for 
several hours, which is intended to convert the carbon 
into molybdenum carbide. The effect of such heating 
in service at operating temperatures of 900 to 950® F. is 
not stated, and it seems possible that the carbon in the 
molybdenum carbide formed at the higher temperature 
would revert to iron carbide at the operating temperature 
and thus ultimately become susceptible to graphitiza¬ 
tion if the conditions are otherwise favorable. 
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Miscellaneous 

Certain other suggestions have been made to explain 
graphitization of welds in steam lines, but have not yet 
been studied experimentally. These include the effects 
of cold working produced by machining the scarfed edges, 
flame cutting, oil on the surface, etc. 

Segregated Graphite vs. General Graphitization 

The points enumerated relate broadly to the graph¬ 
itization of steel rather than specifically to the segregated 
type of graphitization found at Springdale. Some at¬ 
tempt will be made later to account for this difference, 
after more experimental data are available; but, at 
present, though the conditions for highly localized graph¬ 
itization are fairly well understood and imder control, 
the ultimate causes remain obscure. Looked at another 
way, if we can truly stabilize the carbide, no graphite 
will form even at the edge of the heat-affected zone, and 
the same should be accomplished by eliminating the 
steep temperature and structural gradient, though with¬ 
out necessarily eliminating genei^ or random graphi¬ 
tization. 


Conditions Found in Present Lines aaid Suggested 

Cures 

As already stated, many samples have been taken from 
the steam lines of various power stations, particularly 
from the welded joints. These samples are removed 
by trepanning a circular disk to include part of the weld 
and all of the heat-affected zone or with a hemispherical 
milling cutter (weld prober), which gives a boat-shaped 
sample of the weld and adjacent stock. These methods 
are well known and do not require description. They 
make it possible to examine the edge of the heat band 
microscopically and also provide a sample for bending to 
determine the extent of embrittlement when graphite is 
found. 

All stages have been foimd, from no graphite to com¬ 
plete embrittlement, and this has led naturally to pro¬ 
posals for n^ethods of repair when that is needed. Of the 
37 stations which have reported, representing approxi¬ 
mately all of the high-temperature plants, the weld sam¬ 
ples gave no evidence of graphite in 21. Obviously no 
immediate action is needed, though those stations which 
are operated at high temperatures and with lines made 
with the high aluminum or “fine-grained” steel should be 
watched closely. In the remaining stations where 
graphite was found, the situation was as follows: In 11 
stations, impairment of ductility was foimd to have set 
in, and the structures indicated that a start was being 
made toward the segregated graphite condition. In 5 
stations, embrittlement of an advanced stage was found, 
and segregated graphite extended practically across the 
pipe section. 

The treatment of a line which already shows graphite 
will depend upon the condition found. If graphitization 
has proceeded only to an intermediate state, it should be 
possible to redissolve the graphite and restore the joint 
by heating to about 1700° F. for 2 hr. This would 
amount to a normalizing treatment somewhat as de¬ 
scribed by Detroit Edison.^ While this appears to be 
entirely feasible from the standpoint of restoring a par¬ 
tially graphitized joint, the technique is something which 
the power stations would have to work out. It is also 
likely, though not yet fully confirmed, that this treat¬ 
ment will establish a stable structure for resisting graphi¬ 
tization. It certainly will completely eliminate the 
original isothermal contours which are known to localize 
graphitization. At the same time, normalizing will set 


up another temperature gradient, of the same type but 
much broader. Present indications are that localized 
graphitization at the Aci zone would not necessarily fol¬ 
low. 

In cases of severe segregated graphite, it has been nec¬ 
essary to cut out the old joint and reweld. While nor¬ 
malizing would redissolve this graphite, one could by no 
means be sure that the strength and ductility were re¬ 
stored. In other words, a scar would remain which 
would be just about as bad as the original condition. 
A favorable postwelding treatment might be either nor¬ 
malizing, as was just mentioned, or stress relieving at 
1300° F. or above. Both treatments will at least post¬ 
pone further graphitization, and normalizing might 
eliminate it for all practical purposes, but both have 
drawbacks. Normalizing is difficult to carry out in 
some locations, especially for joints adjacent to cast 
valves which might warp seriously, while the utility of 
the high stress relief (standard stress relief temperature 
is 1200° F.) remains to be demonstrated conclusively. 
Present evidence is that, while it probably retards graphi¬ 
tization, it does not prevent it. This point will be 
discussed in some detail later. From the structural evi¬ 
dence of a graphitized weld zone, stress relieving abo\e 
Aci should prevent the formation of segregated graphite. 

Preventive Measures for New Lines 

Advantage has been taken of accumulated experience 
to set up what might be considered as the best practice 
to date for new lines. Carrying out the idea that alu¬ 
minum deoxidation definitely promotes graphitization. 
it has been proposed to limit the aluminum addition to 
Va lb. per ton. A close equivalent of this is the require¬ 
ment that the steel must have a McQuaid-Ehn grain 
size of 1 to 5 with complete normality. Mr. Kerr re¬ 
ports that this measure has been adopted by Babcock 
and Wilcox for the procurement of various materials for 
high-temperature steam lines. This practice has much 
to support it, but there are certain drawbacks for both 
cast and wrought products. In the former, at least 2 
lb. of aluminum per ton is used for certain types of steel 
to produce the necessary soundness. In the latter, 
aluminum deoxidation helps to secure a good surface on 
the inside of pierced billets, though work which is al¬ 
ready under way suggests that reasonably good practice 
is possible with a limit of V» lb- aluminum per ton. 

It has been customary in the past to save the expense, 
etc., of normalizing after hot-upsetting, bending, etc., 
which is used during the installation of a steam hne. 
The coarse-grained structure which is produced, plus 
possibly air cooling, has been suspected of favoring 
graphitization. This has not been fully confirmed to 
date, and more work is needed before it can be stated that 
normalizing is worth the additional cost, particularly if 
other measures are found to be sufficient. 

Welded joints of new lines might also be normahzed. 
and the discussion here would be the same as that given 
imder the repair of present lines. 

Another recommendation that is being seriously con¬ 
sidered is the addition of chromium to stabilize the car¬ 
bide. The minimum amount of chromium which would 
be needed has not yet been established, but steels with 
0.25% to 1V2% chromium are being investigated. It 
has ^en suggested that about 1% will be needed to com¬ 
bine with all of the carbon in wrought steels which con¬ 
tain about 0.15% to 0.20% carbon. Cast steel with 
higher carbon might require a higher addition. Accord¬ 
ing to the work of Crafts and Offenhauer,* the carbide 
(FeCr) 7 Cj should form in such a steel. On the assump¬ 
tion that this carbide will contain about 50% iron, the 
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chromitun-to-carbon ratio should then be 5 to 1 and about 
1% chromium would be needed. On the other hand, 
much smaller amotmts of chromium are known to in¬ 
terfere in the manufacture of malleable cast iron, and it 
is thought that it may be possible to secure the desired 
effect with approximately 0.5% chromium. 

Es^iimental Work 

It has been mentioned that samples have been re¬ 
moved from welded joints of high-temperature steam 
lines. Hie principal object of the examination of these 
samples was to ascertain the condition of the line. By 
correlating such findings with manufacturing, fabricating 
and operating data, it has been possible to acquire con¬ 
siderable information on the conditions which affect or 
control graphitization. Information from this source 
is doubtless the best to date on this problem. But the 
variables which are included in any one sample or single 
series of samples are controlled more by chance than by 
design. Even a close analysis leaves one in doubt as to 
whi^ of the several factors has been responsible for either 
graphitization or the lack of it. To set matters in order, 
it was deemed wise to use the experimental technique 
with which some variables could be eliminated and the 
others controlled in such a way that only one wduld vary 
in a given series. 

At present, there are a number of programs being 
prosecuted at various laboratories. This work will be 
discussed here under two headings, the Battelle program 
being conducted under the auspices of the Edison Electric 
Institute and the Association of Edison Illuminating 
Companies, and the work which is being done at indus¬ 
trial and university laboratories. The former is of a more 
fundamental nature and is reasonably comprehensive. 
The latter is devoted to more specific and immediate 
objectives which ^e best calculated to develop immedi¬ 
ately useful information. 

It may also be mentioned that this work touches the 
fields of specifications for both wrought and cast steel for 
use in steam lines, foimdry and steel-making practice, 
high-temperature properties on which design and good 
practice are based, and welding practice. On this ac¬ 
count, various other agencies have become actively 
interested in the graphitization problem and in the in¬ 
formation developed by the research programs. 

Work at University and Industrial Laboratories 

For convenience, this topic will be subdivided accord¬ 
ing to the specific factors which are presumed to affect 
graphitization rather than the institutions from which 
the results were obtained. 

Deoxidation Practice 

Carbon-molybdenum pipe made prior to 1939 to ASTM 
Specifications A158 and A206-37T and -38T was of the 
high-aluminum variety, i.e., had 1.5 lb. or more of alumi¬ 
num added per ton after deoxidixing with silicon. Pipe 
made to ASTM Spedfiication A206 since 1939 has been 
of the low-aluminum variety, i.e., has approximately 0.5 
lb. of al umin um added per ton after deoxidizing with sili¬ 
con. The grain-size requirement which has been in ef¬ 
fect since 1939 practically limits deoxidation by alumi¬ 
num to this amount, the main deoxidation being accom¬ 
plished wifh silicon. The low-al uminum type is held to 
be njore resistant to graphitization, but it has also been 
in service for shorter times, so the records are not com¬ 
plete on that point. 

1945 GRAPHITIZATION 


Seamless carbon-steel pipe is manufactured accord¬ 
ing to A.S.T.M. Specification A-106. As this specifica¬ 
tion does not include a grain-size requirement, the 
amount of al uminum used for deoxidation varies over a 
considerable range even for the Grade B, silicon-killed 
pipe. The recent trend has been to decrease the amount 
of aluminum added in order to obtain a coarser-grained 
steel in line with the coarser-grained C-Mo steels now 
used. 

These shifts to coarse-grained material were made on 
the basis of accumulated data indicating that, for serv¬ 
ice at the higher temperatures that were rapidly becoming 
called for by designers,- improved creep resistance ac¬ 
companied coarse grain. 

To date, the segregated and embrittling type of graph¬ 
itization has been found only in the fine-grained, alu¬ 
minum-deoxidized steel, though small amounts of the 
random type of graphitization have been found in the 
coarse-grained steel. At least two laboratories have at¬ 
tempted to distinguish between the presence of alumina 
particles and the amount of metallic al uminum . These 
reports agree that graphitization varies with the amount 
of aluminum rather than of alumina. 

Microstructures 

Evidence on the effect of microstructure on graphi¬ 
tization is not at all clear, though ‘the preponderance of 
evidence seems to be that the weld heat-affected zone 
in the “molybdenum” structure, which comes from air 
cooling from high temperatures, is more susceptible than 
in the pearlitic structure. Observations m^e at the 
University of Michigan may be critically important here. 
Though two steels may d^er in initiaJ microstructure, 
if they have the same structure in the heat-affected zone 
after welding, they graphitize at the same rate. In other 
words, it seems to be the structure in the heat-affected 
zone that is significant, and this may go a long way 
toward explaining discrepancies. 

It has been reported that graphitization starts at 
spheroidal carbide particles. This correlates with the 
effect of aluminum deoxidation, since aluminum is known 
to reinforce the spheroidizing tendency of the carbide in 
these steels when they are heated to the neighborhood of 
the critical point. In this .light, the temperatures from 
which the steel, either wrought or cast, is cooled* and the 
rate at which it is cooled may have a secondary effect in 
modifying the response of the steel to the heat of welding. 

Other experiments were run on a test sample whidi 
was heated to a high temperature at one end and allowed 
to remain below 1000° F. at the other end. It was found 
that graphitization started at about the Aci tempera¬ 
ture, or the temperature which promotes spheroidiza- 
tion. In this connection, however, it is to be borne in 
mind that the operating temperatm-e of the steam line is 
usually several hundred degrees below the temperature 
at which this spheroidizing occurs. 

Heating the steel to just below Aci or around 1300° F. 
for longer times is assumed to change the carbide from 
FejC to MosC which is relatively stable. The bene¬ 
ficial effect of such a high “stress relief” was discussed in 
two papers at last year’s symposium.*- ^ 

Effect of Fluctuating Temperature 

Operating temperatures are known to vary up and 
dowasomewhat from the normal temperature. W^e no 
special study has been made of the effects of this varia¬ 
tion, it is known not to be necessary to graphitization, 
since it has been reported that graphitization occurs in 
creep-test specimens which have been kept at a prac¬ 
tically constant temperature. If such re^ts are held 
to be unreliable on accoimt of the stress under which the 
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specimen is heated, the various laboratory investigations 
which do not involve stress can be dted to demonstrate 
the same point. In the latter, the temperature varies 
somewhat more than in creep testing but is still reason¬ 
ably constant. 

Effect of Welding Conditions 

With the accumulation of data and observations, it is 
becoming clear that welding conditions probably have a 
pronounced effect on graphitization, pa^cularly on the 
segregated type. Whether welding is a major factor in 
determining whether or not graphite will be produced 
or is a secondary factor in controlling the rate at which 
graphitization proceeds when other factors are favorable, 
is not now known. It has been reported recently that a 
narrow heat band and a relatively high speed of welding 
favor graphitization. Interpreted in terms of micro- 
structure, this must mean that a sharp structural grad¬ 
ient is favorable to graphitization of the segregated type. 
The beneficial effect of normalizing the welded joint would 
come from the elimination of the sharp gradient. Nor¬ 
malizing would produce a very gradual gradient which 
would not be harmful. 

It has been suggested that stress relieving at 1300“ F., 
instead of the usual 1200“ F. treatment, may eliminate 
graphitization. Reports from studies of this point are 
not unanimous in confirming this effect. 

Steel Composition 

While work has been started to determine the possible 
benefits of a small chromium addition, only one report 
has been received which bears on this point. It is re¬ 
ported that a chromium-nickel-molybdenum cast steel 
showed no graphite after being heated 2200 hr. at 1100“ 
F. While this is not conclusive, there is plenty of evi¬ 
dence that 1100° F. will produce graphite in graphitizable 
steels in less time t^an this. 

The F.E.I.—A.E.I.C. Program at Battelle Memorial 
Institute 

The power-generating stations of the electrical in¬ 
dustry were quick to decide that they should have a 
thorough understanding of tiie cause and cure of graphi¬ 
tization in carbon-molybdenum and plain-carbon steel 
steam lines. As a result of this decision, the Edison 
Electric Institute and the Association of Edison Il¬ 
luminating Companies, acting jointly, established a 
research project at Battelle Institute and appointed a 
Joint Subcommittee on Graphitization of Piping to su¬ 
pervise the work. This committee is composed of Mr. 
Alex D. Bailey, Commonwealth Edison Co., Chairman; 
Mr. Sabin Crocker, Detroit Edison Co., Secretary; Mr. 
T. E. Purcell, Duquesne Light Co.; and Mr. L. E. Hanki- 
son. West Penn Power Co. 

Before the details of the program were worked out, 
the power industry was canvassed to secure opinions on 
the points that should be included. These were formu¬ 
lated as ten questions which have been published in the 
Bulletin of the Edison Electric Institute.® The research 
program was built around these points and was set up as 
a reasonably comprehensive and fundamental investiga¬ 
tion. It includes studies of materials of known types 
and of reasonably well-understood prior histories, and 
covers important heat-treating and weldmg cycle?. In 
this way, the response of known materials to various 
fabricating and erection conditions will be ascertained. 

Apparently, the most elusive factor is that of the effect 
of the welding operation itself. This is not yet really 
understood, but, as more information is obtained, it is 
hoped that modifications in present welding practice can 


be made for welding “graphitizable” steel without mak¬ 
ing it susceptible to segregated or “isothermal graphitiza¬ 
tion.” On the other 'hand, it is even more desirable to 
develop a steel for these applications which is not sus¬ 
ceptible to graphitization, however it may be welded. In 
fact, the latter is considered to be one of the major ob¬ 
jectives of this investigation. 

Identification of Graphite 

The identity of the material adjacent to the welded 
joint of the Springdale station has been discussed on a 
number of occasions. While it was held to be graphite 
soon after its discovery, and its behavior in certain re¬ 
spects strongly indicated that it was graphite, there were 
some doubts cast upon this identification. 

One of the first objectives of the Battelle program was 
the positive identification of this material. Without 
going into all the details, the Physics Department of 
Battelle Memorial Institute has identified it as graphite 
by X-ray crystal analysis and by electron-diffraction 
methods. The best and most direct evidence was ob¬ 
tained by fracturing a sample from a Springdale joint 
in such a way that the fracture exposed the typical 
scalloped appearance and dark surface color. The elec¬ 
tron-diffraction pattern of the surface thus exposed showed 
graphite. Chemical analysis of residue extracted elec- 
trolytically from the “eyebrow” region of another typical 
sample showed it to be high in graphitic carbon, whereas 
a similar sample taken from the unaffected stock showed 
but traces of graphitic carbon. 

We may now pass to the variables which were selected 
for study. 

Variables Studied 

The points included in the Battelle program are as fol¬ 
lows; 

(I) Plain Carbon Steel vs. Carbon-Molybdenum Steel.— 
An attempt is being made to understand the effect of 
molybdenum, particularly to compare* the straight car¬ 
bon steel with the C-Mo steel in terms of the safe operat¬ 
ing temperatures for each. 

i2) Effect of Aluminum Additions. —Commercial and 
experimental steels with high and low aluminum ad¬ 
ditions and steels which have no aluminum addition 
(straight silicon-killed) are being compared. These tests 
will cover carbon and carbon-molybdenum steels and 
steels with various amounts of chromium. 

(5) The Welded vs. the Unwelded Condition. —Since 
it is the segregated type of graphitization that is of most 
importance, it is necessary to study the behavior of these 
steels in both welded and unwelded conditions. Further¬ 
more, there is some indication that a welding technique 
which creates a particularly steep temperature and 
structure gradient is more serious than one in which the 
gradient is more gradual. Consequently, it is necessaiy 
to study the effects of various welding speeds, heat in¬ 
put, etc. 

(4) Effect of Prior Structure. —Most of the steel is 
used in the “as-received” condition, but some of the 
steels are put in service after a hot working or forming 
operation at temperatures as high as 2200° F. or there¬ 
abouts. This leaves a relatively coarse-grained struc¬ 
ture in both C and C-Mo steel. At other times, such 
treatments are followed by normalizing at about 16^° F. 
These conditions are being compared, but in many cases 
the standard normalizing treatment has been preceded 
by air cooling from 2200° F. It seemed necessary to in¬ 
clude the prior treatment, since there is evidence that 
an aluminum-killed steel which has been heated under 
oxidizing conditions is predisposed to graphitization 
when heated for long periods below the critical point’ 
In commercial C-Mo pipe, the annealed or pearlitic 
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(a) 500 Hr. Ma?. 100 X 



(d) 3000 Hr. Mag. 100 X (e) 3000 Hr. Mag. 1000 X 

Niial Etch 


Fig. 1—Limit of Weld Heat-Affected Zone in Carbon Steel Specimen; McQuaid-£hn Grain Size 5 to 7, 
Abnormal; Air Cooled from 2200° F. and Norm^dized at 1650° F.; Stress Relieved at 1290° F.; Tested Up 
to 1850 Hr. at 1125° F., Subsequently at 1150-1050-950-1050° F., etc., with Temperature Changed Weekly 
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structure does not occur, to our knowledge, since the steel 
is air cooled and not furnace cooled. On this account, the 
pearlitic structure is not included in the commercial 
samples, except in some samples which were heated to 
above the critical point and cooled in the furnace. The 
carbon steels are pearlitic, though air cooled. 

(5) Effect of Postheat Treatments. —Standard practice 
for stress relieving arc-welded joints of steam lines has 
been a treatment of about 2 hr. at 1200° F. More re¬ 
cently, it has been suggested that 1300° F. is preferable. 
To study these effects, samples have been placed on 
test either in the as-welded condition or after stress re¬ 
lieving at 1200° F., 1300° F., just below Aci, just above 
Aci, and 1500° F. 

(^) Effect of Carbide Stabilizers. —Since it seems highly 
desirable to understand the effect of chromium in stabi¬ 
lizing the carbide under the conditions being considered 
here, two series of experimental heats have been pre¬ 
pared at Battelle, one with high al uminum deoxidation 
and the other with no al umin um addition, contain¬ 
ing approximately 0, 0.25, 0.50, 0.75, 1.00, and 1.50% 
chromium. The steels are otherwise of a typical carbon- 
molybdenum analysis. Titanium is likewise known to 
be a carbide stabilizer and, through the cooperation of 
Mr. G. F. Comstock of the Titanium Alloy Manu¬ 
facturing Co., samples of steel containing titanium are 
likewise included. 

Test Conditions 

It was the original plan to heat the samples at three 
different temperatures, 925, 1025 and 1125° F. The 
first temperature represents the operating temperature. 
The highest temperature was our estimate of the maxi¬ 
mum test temperature which we could use and still avoid 
the irregularities which might come from carbon solu¬ 
bility in fenite and conversion to molybdenum carbide. 
The other temperature was the mean of these two. If 
these estimations were correct, the higher test tempera¬ 
tures would simply accelerate graphitization, and that 
fact would be confirmed by plotting the rate of graphiti¬ 
zation against the reciproc^ of the absolute tempera¬ 
ture. If the data did not plot as a straight line, we 
would know that raising the temperature was producing 
some effect in addition to mere acceleration of the process. 

Information obtained with the tests which had run out 
to about 3000 hr. showed that the maximum tempera¬ 
ture of 1125° F. was too high for the purpose intended. 
Actually, it had produced but little more graphite than 
the test temperature of 1025° F. 

In the meantime, experience given by Pittsburgh 
Piping and Equipment Co. and elsewhere has indicated 
the desirability of using a variable or cyclic temperature 
in studies of graphitization. Consequently, the furnace 
which had been operating at 1125° F. has now been set 
upon the following cycle: 950-1050-1150-1050° F., etc., 
the temperature being changed at weekly intervals. 

Test Results 

Specimens representative of the variables listed in the 
first five paragraphs of the preceding section have been 
examined microscopically after periods of 500, 1500, 3000 
and 5000 hr., although as specimens from this latter 
group have only recently been removed, relatively few 
have been examined. Those for use in studying the 
effect of the carbide stabilizers described in Paragraph 
(6) of the preceding section have been welded and are 
now on test, but as most of them have only recently been 
put on test, no results are yet available. 

Results of the Battelle investigation are reported by 
the Joint E.E.I.-A.E.I.C. Subcommittee in the October 
1943, April 1944 and October 1944 issues of the E.E.I. 
Bulletin. These should be consulted for the details. 


The general results so far found are as follows: 

(f) Plain Carbon Steel vs. Carbon-Molybdenum Steel — 
Tests indicate that the carbon-molybdenum steels are 
appreciably more resistant to graphitization than the 
plain carbon steels. No evidence of graphitization was 
found after 500 hr. for any of the carbon-molybdenum 
group while the plain carbon group had slight amounts 
of random graphite in all the high-altuninum deoxidized 
specimens, and with relatively few exceptions in the low- 
aluminum deoxidized group as well. 

All test temperatures employed were above the nor¬ 
mal operating range for carbon steel pipe, but the ap¬ 
pearance of slight amoimts of .graphite at 925° F. is 
significant, because this temperatme is about comparable 
to 1025° F. and 1125° F. for the carbon-molybdenum 
steels. 

Furthermore, after 1500 hr., very considerable amotmts 
of random graphite were present in many of the plain 
carbon-steel specimens; whereas, in the compaiabk 
group of carbon-molybdenum specimens, small amounts 
of graphite were found in the high-al uminum deoxidized 
type only. Hiis difference is further emphasized after 
a 3000-hr. test period. 

Figures 1,2 and 3 illustrate these {raints. 

{2) Effect of Aluminum Additions. —^The effect of 
aluminum additions was demonstrated clearly in both 
the carbon-molybdenum and plain carbon steel speci¬ 
mens. In all cases where graphite was observed, steels 
deoxidized with 1.5 to 2 lb. of al umi num per ton had ap¬ 
preciably more graphite than those which had been de¬ 
oxidized with approximately V* Ih. of aluminum per ton. 
Furthermore, in some instances, no graphite was found 
after 3000 hr. in low-aluminum deoxidized specimens, 
while moderate amoimts were found in high-^uminum 
deoxidized specimens subjected to identic^ test condi¬ 
tions. 

{3) Effect of Welding. —Segregation of graphite at the 
weld heat-affected zone was found in plain carbon steel. 
This is well developed in as short a test time as 30(X) hr., 
as is shown in Fig. 1. To date, this has not occiuxed in 
the welded carbon-molybdenum steels in 3000 hr., nor 
even after 5000 hr. in the relatively few samples of this 
group which have been examined. Apparently longer 
times are needed to develop this effect in the alloy steel, 
particularly the coarse-grained type. All graphite in 
the unwelded specimens is distributed at random. 

(4) Effect of Prior Structure. —Current test results 
have not established too clearly the effect of prior struc¬ 
ture on the susceptibility of a steel for graphitization. 
However, the data indicate that the material heated to 
2200° F. and air cooled is more resistant to graphitiza¬ 
tion than material heated to 2200° F., air cooled, and 
subsequently normalized at 1650° F. It should be noted 
that this observation is based chiefly on the random type 
of graphite, and that further work may show that the 
structure produced by the former heat treatment may 
be more susceptible to segregation of graphite in the weld 
heat-affected zone. 

(5) Effect of Postheat TraUments. —Results so far 
indicate that specimens stress relieved at about 1300° F., 
are, in general, slightly more susceptible to graphitiza¬ 
tion than those stress relieved at 1200° F. However, it 
should be pointed out that this comparison is based on 
graphitization of the random type, and it is thought that 
future work may indicate that the 1300° F. stress relief 
is more effective than the 1200° F. in preventing graphite 
segregation in the weld heat-affected zone, particularly 
of the molybdenum steel. 

Specimens in the as-welded condition are more sus¬ 
ceptible to graphitization than those subjected to either 
of the stress-relieving treatments discussed in the pre¬ 
ceding paragraph. 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


280.1 


MAT 




(e) 5000 Hr. Mag. 100 X (/) 5000 Hr. Mag. 1000 X 

Nital Etch 

Fig. 2—Single-Bead Welded Caibon-Molybdenum Steel Specimen; McQuaid-Ehn Grain Size 6 to 8, 
Abnormal; Air Cooled from 2200° F. emd Normalized at 16^° F.; Stress Relieved at 1310° F.; Tested Up 
to 3850 Hr. at 1125° F., Subsequently at 1150-1050-950-1050° F., etc., with Temperature Changed Weekly 
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(a) 5000 Hi. Mag. 100 X (i)) 5000 Hr. Mag. 1000 X 

* Nital Etch 

Fig. 3—Single-Bead Welded Carbon-Molybdenum Steel Specimen; McQuaid-Ehn Grain Size 2 to 4, 
Noimal; Air Cooled from 2200° F. and Normalized at 1650° F.; Stress Relieved at 1310° F.; Tested Up to 
3850 Hr. at 1125° F., Subsequently at 1150-1050-950-10^° F., etc., wiOi Temperature Changed Weekly. 

Few Scattered Graphite Particles Only; None Observed After Shorter Periods 

Data from specimens stress relieved at temperatures The object of such changes in welding procedure would 
above the Aci critical temperature (as high as 1500° F.) be to broaden the structural gradient over the heat- 
indicate that, in general, such specimens are slightly more affected zone. 

susceptible to graphitization of the random type than At the start of the present program, interest was 
those stress relieved below the Aci critical temperature, limited largely to the wrought-steel pipe of the steam 
On the other hand, this treatment eliminates the struct- lines, but, as time went on, other parts, not included, 
ure “gradient” at a weld and diould dispose of the tend- were found to have graphitized. To help round out the 
ency to form the segregated graphite. program, the Joint A.S.M.E.-A.S.T.M. High Tempera¬ 

ture Committee and other agencies are assisting in i 
studies of other power-station materials which are sub- I 
General Discussion hjgii temperatures during -operation. The latter 

would be various steel castings, forgings, superheater 
Looking over the situation on ^aphitization of ’steam tubes, drums, turbine and boiler parts, etc. The situa- 
lines, the preventive measures which have been proposed tion is similar to that of steel pipe in many ways, but 
to date may be said to emphasize safe practice, which is with important differences. Cast-steel valves, for ex- 
the immediate objective. As more information becomes ample, are made with aluminum deoxidation to produce 
available, it is expected that more convenient ways or the desired density and soundness, and, like similarly 
less expensive means may appear. As the power sta- made wrought steels, they have been found to graph- 
tions go to higher and higher operating temperatures, itize in service. More information is needed to point 
it is fortunate that the alloying dements which may be to the best way to handle this situation. Some other 
needed to resist scaling are also powerful stabilizers of parts are made of plates or forgings of silicon-killed 
the carbide. However, most of the power of the country sted. With the exception of a forged Tee, these have not 
is generated by equipment which operates at lower tern- graphitized to date. 

peratures and which is made largdy of plain carbon steel. Experience with the wrought-steel pipe is more ad- 
The common carbon steds are, therefore, veiy impor- vanced, and the A.S.T.M. has started work on specifica- 
tant and will be given their fair share of attention. tions for power-house applications, particularly those in- 

Safe practice for steam lines could be achieved either volving the higher operating temperatures, 
by using a steel that is imm une to graphitization no mat¬ 
ter how made or fabricated, or by using a fabrication or 

welding practice that will avoid graphitization, at least References 

of the segregated type, even of susceptible steels. At 
present, toth measures are contemplated, since work is 

planned with steel which is made to “coarse-grained” 2 ; w.’, rra«. 6*s. oir.. 1935. p 

practice with 0.4 to 0.6% chromium as a stabilizer, and 3i8. ^ ^ ^ ^ ^ ^ 

work has started on stress relievmv the welded loint at contains complete bibiiogry>hy. 

, • . . . _ j •_ *.1. _ -j. 4 Rohrii. 1. A.. Corey. D. H., and Crocker, Sabin. The WBLDiNC Jou«NAL, 

higher temperatures than have been used m the past. 22 , (lo), R«wch suppi.! 521 (Oct. 1943 ). see also: d. h. coreyind i a. 
Controls of the heat input dining welding have not been Rohrig, supplement to the welwho jowemal, jan. 1945 . voi. 24 , no. 1 . p 
used in so far as we know. Evidence on this point is 5 , crafts, waiter and offeahauer. c. m.. Tra*s. a.i.m.e.. i. s. o.t. 

meager, and the indications are that it would be bene- fl.' ^'mith, G- V.. and Miller, R. F., A.S.A/.fi. Symposium o* Graphititalto* 

ficial to use larger electrodes, higher currents and slower 0 /Piping. April 1944 . 
welding speeds, or possibly to switch to a different rod. g. e.e.i. buil. 12 (4), 125 (April 1944 ). 
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Yielding and Fracture of Medium-Car¬ 
bon Steel Under Combined Stress 

By E. A. Davis, East Pittsburgh, Pa. 


Results of combined stress tests on • medium-cerbon 
steel are presented. Particular attention has been paid 
to the magnitude and the distributitm of the stresses and 
strains at the instant preceding fracture. The effect of 
the shape of the test specimen and the isotropy of the 
material upon the rupture properties have also been in¬ 
vestigated. This investigation was carried out a’t the 
Westinghouse Research Laboratories uu’der a contract 
with the David Taylor Model Basin, Bureau of Ships, 
U. S. Navy Department, according to plans worked out by 
Captain W. P. Roop, U.S.N., of the David Taylor Model 
Basin, and Dr. A. Nadai of Westinghouse. 

iNTBODtrcnON 

I N thin paper a s^ee of combined-stress tests on a medium- 
carbon steel is described. The state of combined stress was 
produced by applying simultaneously an axial tensile load 
and an internal pressure to a tubular specimen. The main 
object of the investigation was to study the characteristics of 
plastic deformation and rupture in this particular type of steel 
under the influence of biaxial stresses. These tests are umilar 
to a series made with copper tubes described in a recent paper 

> Research Engineer, Westinghouse Research Laboratories. 
Contributed by Special Research Committee on Plastic I^ow of 
Metals and the Applied Mechanics Division and presented at the 
Annual Meeting, New York, N. Y., Nov. 27-Deo. 1, 1044, of Thb 
Ausbican Socubtt of Mbchanicai. Enoineebs. 

This paper has been reprinted from the March 1945 issue of the 
Journal of Applied Mechanics, A.S.M.E. Acknowledgment is also 
gratefully made of the loan of the type and cuts used in this article. 


by the author.* In the present series, however, greater attention 
has been focused on the conditions prevailing at the time of 
rupture. A few pure tension tests on rectangular specimens with 
.various ratios of width to thickness were also run in order to 
study the distribution of the principal strains in the necked 
region prior to rupture. * 

Matkblal 

A bar of steel 2Vi in. dia m and approximately 18 ft loI^f was 
purchased as material for these tests. Twdve l^in. lengths 
were out from the bar and were normalised at the Research 
Laboratories. After heating at 925 C for 2 hr the bars were 
taken from the furnace and placed on end on insulatii^ bricks 
and allowed to cool in ur. The twelve bars were then sent to the 
Dgvid Taylor Model Basin where the specimens were machined 
under the supervision of Mr. McRae. Great care was taken to 
ob tain tubes with concentric sections. Drilling was done by 
means of a pack-bit similar to those used in gunmaking. The 
innes surface bad a mirror finish after the pack-bit passed through. 
The outer surface was polished. 

The steel used in these tests was an ordinary medium-carbon 
steel of the following composition: 

C Si Mn P 8 

0.23 0.10 0.62 0.010 0.030 

Two photomicrographs of pieces taken from one of the bars 

* "Increase of Stress With Permanent Strain and Streee-Strain 
Relatione in the Plastic State for Copper Under Combined Stresses," 
by E. A. Davis, Trane. A.8.M.E.. vol. 65. 1043, p. A-187. 
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after testing are shown in Fig. 1. These sections were taken at 
right angles to each other, one parallel and one perpendicular to 
the axis of the bar. 

Test Specimens 

From the twelve lengths sent to the David Taylor Model 
Basin for machining eleven tubular specimens and five smaller 
solid specimens were made. The tubular test pieces and the 
grips in which they were tested are shown in Fig. 2. The cylin¬ 
drical portions of the tubes were 8 in. long but only the central 
4 in. were used as a gage length. The outside diameter was 
1.450 in. and the wall thickness 0.100 in. 



Fio. 2 Test Specimen and Grips 


axis of the tube was coincident with the axis of the bar: in 
the other the axis of the tube was fierpendicular to the of the 
original bar. These specimens, shown in Fig. 3, are 2 in. in 
over-all length, with an inside diameter of */i in. and a wall 
thickness of V» As a final means of checking the isotropy 
of the material, small impact specimens were cut from the original 
bar in such a way that the notched region in the impact ban 
came from the same radius of the original stock as the wall of 
the tubular specimens. Bars were cut from two perpendicular 
directions so that the impact fractures would be oriented either 
perpendicular to or parallel to the axis of the bar. 

The impact specimens were l*/i in. long and */« in. square with 
a 45-deg notch 0.100 in. deep cut in the center, liiese ban 



AXIS OF SPECIMEN PERPENDICULAR 
TO* AXIS OF ORIGINAL BAR 


< 
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Ml 


AXIS OF SPECIMEN PARALLEL 
TO AXIS OF ORIGINAL BAR 

Fio. 3 Small Tubular Spbcimxnb 

and the two small tubular specimens were machined at 'L* 
Westin^ouse Research Laboratories. 

Nouenclatubb 


The specimens w’ere carefully measured before any of the tests 
were run. The outside diameters and the wall thickness of the 
tubular specimens were found to be very uniform. The variation 
in wall thickness was less than 0.001 in. in a wall thickness of 
0.100 in., or less than 1 per cent. 

The five solid specimens may be identified by the shape of their 
cross sections. They may be described as follows: Item A, 
0.50 wide X 0.10 thick; Item B, 0.60 wide X 0.15 thick; Item C, 
0.50 wide X 0.30 thick; Item D, 0.25 diam; Item E, 0.40diam X 
0.80 long. 

Items A-D were tensile specimens. Due to sjnnmetry condi¬ 
tions, Item D should behave the same as a bar of square cross 
section in so far as the distribution of str ains is concerned. The 
purpose of these tests was to study the effect of the shape of the 
cross section upon the distribution of the strains in the directions 
perpendicular to the axis of the applied load. Item E was a 
compression test introduced to compare the behavior of the 
material in tension and compression. 

In order to obtain some measure of the isotropy of the material, 
two small tubular specimens, originally perpendicular to each 
other, were cut from the 2Vrin-diam bar. In one specimen the 


The following nomenclature is used in the paper; 

O’, « principal normal stress in axial direction, pai 
<r, = principal normal stress in tangential direction, pea 
a, « principal normal stress in radial direction, psi 
r a shearing stress, psi 
Tff octahedral shearing stress 

«« principal unit strain in axial direction 
e, V principal unit strain in tangential direction 
tf B principal unit strain in radial direction 
= principal unit strain in thickness direction 
™ principal unit strain in width direction 
y a unit shearing strain 

IB octahedral shearing strain 
r = radius, in. 
h = thickness, in. 

I = length, in. 

10 = width, in. 
d — diameter, in. 

A = area, sq in. 
p -* pressure, psi 
P « axial load, lb 
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V m Tolume, cu io. 

W a energy, in-lb 

^ a function of the etfeeeefl 

R ■> radius of curvature 

e • »i/». 

The bar (~) above a stress variable denotes a true strees which 
has been determined by considering the actual dimensions of the 
q)eeimen at the instant the stress occurred. The same bar (~} 
■bore a strain variable denotes a natural strw which will be 
docribed later. 

The three principal shearing stresses are defined as 



Smilarly, the three principal shearing strmns are 

7*1 ■ 7lr " *1 — «r, 7f. - «r — ««.[2] 

For large strains the true normal stress v, can usually be 
stpressed in terms of the ordinary load stress v and the con¬ 
ventional stnun «. In any case, the true stresees can always be 
omputed from data taken during the test since the volume of 
be material does not change during plastic deformation. An- 
>tber consequence of the constancy of the volume of the material 
s that for plastic strains the sum of the three normal strains 
! lero. 

«# + <1 + «r “ 0.13] 

herefore, only two of the strains need to be measured. For 
hTge defonnatioits, however, Equation [3] does not hold, and, if 
une such relation is desdred, a new variable must be used. This 


accomplished by Hafining the natural strain • as 

• ^ - ln(l + t).[4] 

The sum of three perpendicular natural strains is sero even for 
rge deformations 

•• + «l + ir “ 0.Ifi] 

le three principal **natural” shearing strains are 

7«< “ *• — *1. 7fr “ *1 -«r. 7r« " •r — .(6) 

The octahedral shearing stress is 

r* + .IV] 

1 the octahedral shearing strain is 

■ 7. - I VyJ^ + 7„* + 7«*.18] 

a the present paper the subscripts (a), (0, and (r) refer to 


assigned directions in the specimen regardless of the relative 
^ziitude of the stresses. The ratio n « vi/v. will vary from 
» (O) for the pure axial tension test to infinity (») for the 
umferential tension test. 

Test Pbocbdube 

I the combined-stress tests the internal pressure was supplied 
a Amaler hi^pressure pump in which a pendulum manome- 
.s used to measure the pressure. The length of the pendu- 
is adjustable so that full-scale deflection could be obtained 
.ny pressure between 20 and 1250 atm. The external axial 
was supplied by a 30-ton Amsler testing machine.* The 

'he testins machine and the bigh-preeeure pump are shown in 
23. 


axial load and the internal pressure were applied to the specimen 
rimultaneously by means of the grips shown in Fig. 2. 

The ratio of the axial load to the internal pressure was kept 
oonstant throu^out the duration of the tests. This was done 
by adjusting the length of the pendulum on the high-pressure 
pump to that value which would give the desired ratio when the 
pointers on both machines were deflected through the same 
angle. All that was necessary, then, for maintaining the desired 
ratio between load and pressure wss to keep both pointers de¬ 
flected the same amount. 

Two gage marks 4 in. apart were scribed on the cylindrical 
part of the tubes, and the axial extensions were measured with 
dividers and a steel scale. The outside diameter was measured 
at six places inride the gage length. The average of these rix 
diameters was used to calculate the tangential strains. The 
axial load and the pressure were always removed while measure¬ 
ments were being made. This was done as a safety measure 
and also as a means of insuring that no deformation would occur 
while the strains were being measured. 

After the tubular test pieces ruptured, they were cut open 
and the wall thickness and outride diameter in the region of the 
fracture were measured to determine the stresses at rupture. 

In order to test one of the tubular specimens in pure circum¬ 
ferential tension, the arrangonent shown in Fig. 4 was used. 
The avia! load was carried by the central rod and the U-shaped 
leather packing. The only load on the specimen was the pressure 
load, and the tube was free to contract in the axial direction. 



FlO. 4 AaRANOSKBNT SOB PUBB ClBOCKnBBVNTIAL TsNBIOlt 
• . Txst 

The two small tubular specimens, shown in Fig. 3, were tested 
in pure internal pressure. 

The solid specimens were tested in a 10-ton Amsler machine. 
The increase in length and the decrease in cross-eectional area 
were measured at each load interval. The cross section was 
measured in the necked portion after the maTimtim load was 
reached. The compression specimen was tested until plastic 
buckling became apparent. In this group of tests, the lengths 
were measured by dividers and a scale while tiie diameters were 
measured with a micrometer. A ball-point micrometer was 
used to measure the tensile specimens in the region of the neck. 

Computation op Test Results 

From the measurements taken during the combined-stress 
tests, the principal stresses and strains were computed in the 
following manner: 

1 The conventional axial strain was obt^ed from the 
measured change in length 
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Fxo. 7 Stbbbb-Stbaim Diaoramb 
FOB n — 1.00 




Fio. 8 Stbbss-Strain Diaobaics 

FOB PUBB XmTBBMAL PbBMTTBB 
Tbbt, n — 2.00 


Fio. 9 8tbbb»*Stbain Diaobamb 

FOB POBB ClBOUKFBBBNTlAI. 
Tbbbion Tbbt, n • • 


and the natural axial strain was obtained from the expression 

i, - ln(l +0.[101 

2 The HiATTLftt^r was computed from the measurements 
of length outside diameter by that the volume of 

the material did not change. The average tangential strmns 
were given by the change in mean diameter 



« - ln(l + e,).[12] 

The aver^ radial strain, 6^* obtained from the relationship 
«* + «i + «r " 0.[131 
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Fio. 10 Stbb8s>Strain Diao&akb roB n — 0.760 


Fio. 11 Stbbss-Stbain DiAOBiUis FOB n — 0.762 





Fio. 13 Stbsss-Stbain Diagbams fob Fig. 14 Stbbbs<'Stbaih Diaobaiu 
n » 0.800 fob n ~ 0.876 


3 The true principal stresses could be calculated siuM the 
actual diameters and wall thicknesses were known. The axial 
stress was 




P , P^* 
A'^ 4A 


(141 


the tangential stress was 




2k 


[151 


and 

i,-InCl+O .(181 

The tangential str^ was computed by use of Equations [11] 
and [12], while the axial str^ was obtained from Equation [13]. 

The wori( done per unit volume of the material can be obt^ed 
by considering a small element with rides normal to tiie principal 
directions and with original dimenrions o', 1', and r\ After 
deformation this element has the dimenrions a, t, and r. If the 
density of the element remains constant, the volume is 


and the radial stoess was 


7 - a'l'r' 


air. 


[19] 



[16] 


If the deformed element is ^ven a small additional deforma* 
tion, the increment of work will be 


The foregoing values for the principal stresses and strrins are 
average values. All of them vary with the radius except the 
axial strain c,, which is independent of the radius as long as the 
specimen renuuns cylindrical in shape. After the ultimate 
strength had been reached and the tubes had begun to deform 
nonuniformly, the strains could not be measured as described; 
further measurements were then useless until fracture occurred. 
After fracture, the wall thickness and the dimeters at the 
ruptured section were measured and the local principal strains 
were obtained. In this ease, however, the radial strain was 
obtained from 



AT7 — + FfOrAt + 


Combining Equations [19] and [20] 


ATT 

atr 


- ^ ^ .j. - ^ 

— -r — + V, — 
atr 


The work per unit volume is obtained by integration 
W 

~y “ f + f <rA*t + y* • • • 


[ 20 ] 

[ 21 ] 


[ 22 ] 


The right ride of Equation [22] represents the areas imder the 
curves of true stress versus natural strain which are shown in 
Figs. 6 to 14. 
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TbstRxsui/ts 

Combined Streee TeaL Two series of five teeto each were nm 
on the tubular 8pe<^^. The first series was spread out over 
the full range from pure axial tension to pure drcumferenlial 
tension. The ratios of n were 0, 0.50, 1.00, 2.00, and ». The 
stress'stnun diagrams are shown in Figs. 5 to 9, inelusive. 
The second series was run in the range of stresses where the frao- 
ture changed from a circumferential break to a longitudinal crack. 
The stress ratios, were 0.750, 0.702, 0.775, 0.800, and 

0.875. The stress-sir^ diagrams of these tests are shown 



Fto. 15 Locations or Planbb or Pbinoipal Sbbabino Stbbssbs 

in Figs. 10 to 14, inclusive. The stresses and strains are lotted 
as though they were all positive in order to conserve space. 
The radial stress and strain in each case are negative, while in 
pure axial tension, (r,/va — 0, the tangential strain is negative, 
and in the circumferential tenrion test, the axial 

strain is negative. It is necessary to use the proper sign of these 
values when computing the energy of distortion. 

Four of the test pieces, in which « 0, 0.60, 0.760, and 
0.762, broke with circumferential fractures. The failures took 
place approximatdy along planes of the principal shear stress, 
r^. The locations of the principal shear planes in the tubes 
are shown in Fig. 15. In the other tests the fractures were 
longitudinal cracks along the planes of the principal shear stress, 
Tir* 16 to 10, inclusive, show the fractures; the stresses 

and strains at fracture are given in Table 1. 

In the pure axial tension test, both the mean diameter and the 
wall thickness necked down. The mean diameter did not neck 
down as much as that of a roimd bar of solid cross section for the 
same extension. From Table 1, it can be seen that » 0.780 


and «, « —0.334. If the bar bad been solid, then c, would haw 
been —0.300 for an axial strain of ~ 0.780. In the teet where 
vi/v, — 0.50, the mean diameter remained practically constaot 
and all the necking occurred in the wall thickness. In the tests 
where 0 'i/v« » 0.750 and 0.762, the mean diameter increased 
locally in the region of the fracture. The fractures in tiiese four 
tests occurred along the planes of maximum shearing stress and 
at a value of approximately 55,000 psi. There was very Ihtie 
difference in the appearance of the fractures in all the tests which 
failed by a longitudinal crack. 

In only one test •• 0.775 did the fracture occur on one 
single plane of r^. Most of the fractures occurred partly on 


TABLE 3 ENERGY DATA 


« «/« 


XetUt 


in.* 

—in-lb 

0 

66000 



66000 

386000 

o.soo 

43700 

MO 

IMO 

46600 

162000 

0.750 

43140 

13760 

2310 

67200 

203000 

0.763 

30020 

13970 

3110 

64100 

193600 

0.776 

30170 

9840 

1630 

31640 

113000 

0.800 

16000 

8380 

1260 

34630 

87700 

0.876 

7630 

6880 

880 

16380 

64800 

1.00 

6860 

9860 

930 

16140 

67600 

3.00 

770 

4070 

646 

6390 

19100 

• 

-310 

0460 

430 

9670 

34100 


one and partly on the other plane of the principal shearing stress, 
Tfi- This shearing stress rn was the maximum shearing stress 
in those tests where vi/v, « 1.00, 2.00, and ». The other three 
a 0.775, 0.800, and 0.875) ruptured along planes where 
neither the shearing stress nor the shearing strain was a man- 
mum. The magnitude of the shearing stress on the planes of 
rupture was much smaller in the latter six specimens than the 
55,000 psi of the other four already noted. The fractures of 
the three specimens, where » 0.775, 0.800, and 0.875, are 
hard to explain. From these results it appears that neither a 
maximum stress nor a maximum stnun can be used as a criterion 
for fracture. The stresses and strains considered so far, howevm’, 
have been average values, and no account has been taken of the 
manner in which they may vary with the radius. This problem 
will be discussed further, later in the paper. 

The values of the energy per unit volume of the material st 
the ruptured section are g^ven in Table 2. The highest value of 
specific energy^ 66,000 in-lb/in.*, .was found in the pure axial 
tension test. In general the energy decreased as the ratio erf 
the tangential stress to the axial stress increased. For the 
case where the two principal tensions were equal {ot/o, 1), 
the energy dropped to 16,140 in-lb/in.* This drop in the specific 
energy, however, was not uniform as the ratio of the stresses 
increased. The value for « 0.50 appears to be low. This 
may be partly due to the fact that one of the principal strmns is 
practically zero in this test. 

The specific energies, given in column 5 of Table 2, tepresent 
the amount of energy absorbed by a unit volume of the material 
when that element has been strained up to fracture under tbe 


TABLE 1 RUPTURE DATA—TUBULAR SPECIMENS 


Ratio n ~ «t/ra 

0 

0.600 

0.760 

0.763 

0.776 

0.800 

0.876 

1.000 

2.00 

• 


61600 

63900 

64600 

66300 

68900 

68000 

67600 

61800 

26000 

0 

M 

0 

81900 

41000 

42000 

46600 

46400 

60800 

61800 

60000 

63660 

Sa 

118000 

107500 

108800 

106600 

90200 

83000 

74400 

■ 68800 

83600 

10400 

*1 

0 

66200 

101400 

101400 

84600 

78600 

74600 

79000 

71200 

73000 

•t 

0 

2600 

8800 

3400 

3600 

3700 

4000 

4100 

4600 

4300 

im 

-f-0.780 

-fO.601 

-f0.608 

+0.469 

+0.277 

+0.219 

+0.129 

+0.098 

+0.022 

-0.09S 

it 

-0.334 

-1-0.012 

-1-0.181 

+0.181 

+0.164 

+0.188 

+0.119 

+0.140 

+0.117 

+0.104 

Sr 

-0.446 

-0.611 

-0.688 

-0.660 

-0.431 

-0.367 

-0.248 

-0.247 

-0.189 

-O.IM 

*tr 

0 

28800 

62800 

62400 

44100 

41100 

89700 

41600 

87700 

381M 

fra 

66600 

66000 

66800 

66000 

46900 

43300 

39700 

86200 

18900 

73M 

fal 

66600 

26200 

8600 

2600 

2800 

2200 

0 

6400 

18800 

30000 

fir 

-1-0.112 

->-0.628 

+0.864 

+0.831 

+0.686 

+0.496 

+0.867 

+0.896 

+0.266 

+0.3T* 

fra 

-1.326 

-1.012 

-1.186 

-1.119 

-0.708 

-0.676 

-0.377 

-0.846 

-0.161 

-0.008 

fai 

-1-1.114 

-f-0.489 

+0.321 

+0.288 

+0.123 

+0.081 

+0.010 

-0.061 

-0.098 

-0.8U 


68300 

46100 

61000 

60700 

43000 

39800 

87400 

87000 

80800 

33000 

^tio Ai/#a at 

1.106 

0.827 

1.000 

0.948 

0.617 

0.610 

0.331 

0.361 

0.176 

0.334 

niptura 

0 

0.618 

0.937 

0.968 

0.936 

0.936 

1.000 

1.166 

2.126 

6.03 
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various coadhionB of load. The total energy or the enei^ per 
total volume would be a different value and would be difficiilt 
to obtain accurately. This value would probably also change 
with the manner in which the material was stressed, but it is 
not likely that it would change in the same amount as those 
energies shown in Table 2. It is clear, however, that the amount 
of enei^ absorbed in the fractured section depends upon the 
amount of necking which occurs. Thus those specimens which 
were free to neck down showed higher values of specific energy. 
As an example of this, the pure axial tension test might be com¬ 
pared with the pure circumferential tension test, or the test where 


Fio. 19 CijOSB-Up Vibw of Fractobbs 

a 0.50 might be compared with the pure internal pressure 
test where — 2.00. These tests are shown in Figs. 5, 6, 
8, and 9. In each case the shear stresses are the same in both 
tests; yet in the specimens where the axial tension was greater, 
the material was much more free to neck down than in the speci¬ 
mens where the circumferential tension was greater. Since the 
latter type of loading produces a fracture along a longitudinal 
crack, there is less possibility of developing a necked region; 
in these tests very little necking and not much drop of load be¬ 
yond the ultimate strength was observed. 
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^-'OCTAHtORAL SHEARING STRAIN 


Fig. 21 OoTAHUDKAi* SoiABiNG Stbbss Vbbscb’Ootaebdkal Sbbabino Strain tob Vabioiis Ttpbb or Loading 


For the tests at the upper end of the range 1, 2, o»), 

the load increased up to the time that the fracture occurred. 
Thus the specimens which broke with a longitudinal rupture 
appeared more brittle than the specimens which failed by a 
circumferential rupture. The difference was not wholly due to 
the relative magnitudes of the -principal stresses but was largely 
due to the shape of the specimen. This would se^ to indicate 
that, under combined stress, both the type of fracture and the 
amount of energy absorbed before fracture depend to a great 
extent upon the shape of the structure and the freedom which 
the members of ^uch a structure might have to extend and to 
neck down. 

It would be interesting to know Just what per cent of the 
specific energy at fracture, as given in Table 2, represents the 
work done before the maTimtim load was reached. In the pure 
axial tension test a lather small part of the 66,000 in-lb/in.* was 
absorbed prior to the beginning of nonuniform straining at the 
ultimate load, while in the pure circumferential tention test 
there was very little localised straining just before rupture. In 
the latter case, the entire amount of the enei^ seems to have 
been absorbed before the ultimate strength was reached. It is 
difficult to determine the amount of work done i>er unit volume 
of material before the ultimate strength is reached, because the 


determination of the exact value of the strains at the ultimate 
load is almost imposedble. 

As a means of comparing the behavior of the material under 
the various conditions of stressing, the curves in Figs. 20 and 21 
were prepared. The maximum principal shearing stresses 
rmaz are plotted against the corresponding natural shear strain, 
7 niu, in Fig. 20. The points for those specimens which broke 
with a circumferential rupture are plotted in the group to the 
left. The curve is drawn through the points for the axial tenami 
test. This curve is repeated without points three divisions to 
the right where the points for the other tests are plotted. Most 
of the points lie near but above the curve for the pure tensuNi 
test. In Fig. 21, the octahedral shearing stress, is plotted 
against the natural octahedral shearing strain, >•. The testa 
are grouped as in Fig. 20. Here most of the test points fall below 
the curve for the axial tension test. In thia investigation, the 
octahedral shear variables r» and 7 ,, as plotted in Fig. 21, seen 
to fit a common curve better than the maximum shear variables 
in Fig. 20. This is just oppotite to the results of the tests on 
annealed cop{>er mentioned.* 

Previously, the radial stress was neglected because it was 
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was used. The cuire.fit in Fig. 21 was improved by considering 
the effect of the ^hird princiiMd stress, although tUs alone was 
not enough to explain the difference between the steel and the 
copper tests. The effect of neglecting the radial stress 9 , in the 
computation of f« is to decrease the value of the octahedral 
shearing stress for any given strain. This would lower the points 
of all the tests except the pure axial tension test and would thtis 
cause a greater scatter of points ^ Fig. 21. 

TetU on Solid iSpeamens. The stress-strain diagrams of the 
solid-bar tests are shown in Fig. 5, along with the pure axial ten¬ 
sion test on the tubular specimen. The stresses and strains at 
rupture are given in Table 3. The curves it^ Fig. 5 are qui.te 
rimilar in shape, but the extension and the stress of rupture 
increase as the ratio of the thickness to the width increases. In 
all these tests the ratio at fracture of the strain in the direction 
of the width c«, to the strain in the direction of the thickness 
•t, decreases as the ratio of the tiiickness to width decreases. 

In the roimd bar, or in a bar of square cross section, the ratio 
is imity for isotropic material. In a bar of rectangular 
cross section, this ratio is also unity /or uniaxial tention up to 
the point where necking be^ns. After this point is reached, 
however, the strain in the direction of the smaller dimension 
(the thicknees) proceeds at a greater rate than the strain in the 
direction of the width. This peculiarity makes it difficult to 
analyze the properties of material at fracture. 

In the strain-hardening ran^, some relation exists which regu¬ 
lates the distribution of the strains at any given instant. As 
pointed out,* two different theories exist which apply to the 
strain distribution in a body subjected to combined stress, but 
for the pure tension test both theories agree that <, and c, should 
be equal to each other and should be equal to minus one half of 
the axial strain, The relationship, according to the older 
and more workable theory, is expressed by the following 


<• 


•t 


•r 


* 

* 



1231 


These expressions are for a round bar or tube. Only the sub¬ 
scripts need to be changed to adapt them to rectangular cross 
sections. When a condition arises where these or corresponding 
equations cannot be used, it is practically impossible to make a 
mathematical analysis of the stresses and strains involved. 

The tubular specimen tested in pure axial tension might be 
considered as one of the tests in this series of solid ^jecimens. 
Here, the mean diameter of the tube corresponds to the width, 
while the wall thicknees corresponds to the thickness of the solid 
bars. It was found that the ratio of«,/«, for the tubiUar specimen 
at rupture was 0.75. This fits well with the ratios in the last 
line of Table 3. 

Micrograpkt and Iniemal Pressure Tett$ to Check hoiropp of 
Material. The difference in the rupture properties in the axial 
and tangential directions of the tubular specimens could be 


partly explained if the material were anisotropic. Although the 
material in all the tests behaved as an isotropic material before 
the ultimate strength was reached, it is conceivable that some 
directional properties may exist which would tend to make the 
material weak in the tangential direction. Two tests on the small 
tubular specimens, shown in Fig. 3, were run to compare the 
directional properties. The test results together with the results 
of the pure internal pressure test on the larger specimen are 
shown in Fig. 22. There is very little difference between the 
fracture stresses or strains of the sniall tubes. In fact all three 
curves lie very close together. The large tube, however, broke 



at a lower stress and also a lower strain. This is probably due 
to the fact that the small specimens were much shorter in emn- 
parison with the lai^r tub^ and thus may have received more 
support from the ends. 

These tests indicate that there is practically no anisotropy of 
the material, but to check this property further, photomicro¬ 
graphs of planes normal to the axial and the tangential directions 
were made from sections near the fracture of specimen No. 6 
('{/'• ^ 0.775) and are shown in Fig. .23. The arrows in Fig. 
23 show the radial And the longitudinal directions. Thme is 
very little change in the sections perpendicular to the axis of the 
bar, but, in the section parallel to the axis, there was considerable 
stretching of the grains in the loi^ptudinal direction during the 
test. 

Impact Tesla. There is no apparent evidence in the results of 
the internal pressure tests or in the micrographs which would 
indicate that the material is weak in the tangential direction or 
that it is not isotropic. The impact tests, however, did show a 
very definite weakness in the tai^ntial direction. The results 
of these tests are shown in Table 4. Since there was not Miough 


TABLE 4 
Tftogential twta 
5.S2 ft-lb 
4.M 
S.OO 
4.84 

Averace 6.1 


IMPACT TESTS 

Loncitudinal t«ata 
6.68 ft-lb 
7.44 
6.40 

ATerace 8.8 


material to make standard specimens, the values of energy given 
here can be used only for comparing the strength in the two 
directions. The average values of impact energy for the bars 



TABLE 3 

RUPTURE DATA—AXIAL TENSION TESTS 

Tubular 

Item 

A 

B 

C 

D 

E 

specimen 

Dimenaiona 

0.1 X 0.6 

0.16 X 0.6 

0.3 X 0.6 

0.26 diam 

0.4 diam 

1.460 OD 

Tenaile atreaa 

121000 

120600 

122800 

136000 


113000 

c« (axial) 

<M (width) 

0.767 

0.785 

0.846 

0.040 


0.780 

-0.341 

-0.354 

-0.403 

-0.470 


-0.334 

4 * (thickneaa) 

-0.426 

-0.431 

-0.443 

-0.470 


-0.446 


0.80 

0.82 

0.01 

1.00 


0.76 

if* 0.20 0.30 

* if — ratio of tbickaeea to width. 

0.60 

1.00 


0.074 
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(.4. Before leet, perallel to axie of bar. B, Before teet, perpendicular to axis of bar. C, After teat, parallel to axle of bar. D, After teat, perpendicular 

to axia of bar.) 


cut from the tangential direction was 5.1 ft-lb, while the energy 
for those cut from longitudinal direction was 6.8 ft>lb. This 
represents a reduction in strength in the tangential direction of 
25 per cent. From Table 1, the average shearing strength was 
40,400 psi in the tangential direction and 55,600 psi in the longi¬ 
tudinal direction. The reduction in strength in this case was 
27 per cent. These tests seem to establish that the material was 
weaker in the tangential direction in so far as fracture is con¬ 
cerned, and this is probably the best explanation of the relatively 
low fracture stresses in the tubular specimens which failed by a 
longitudinal crack. 

Effects Which Cause Stresses to Differ From Averaqb 
Values 

Circumferential Streeea m Necked Regiona, It baa already 
been stated that the stresses and strains used were average values. 


It may be well to consider now some factors which affect the stre^ 
distribution in the walls of a tubular specimen. 

In the pure axial tension test, after the neck has started to 
develop, the material is no longer under pure axial tension. Ci^ 
cumferential stresses are set up to hold in equilibrium the tensile 
forces in the tapered sections of the neck. Some idea of tba 
magnitude of these stresses may be obtained by n^ecting Uw 
bending stresses in the tube wall. When this is done, the tubs 
may be treated as a thin shell in which the stresses are given br 
the following equation 



In the pure tension test the pressure is sero and Equation P4| 
reduces to 
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r ■*" R 


126] 


vbere r ia the radius of the tube and R is the radius of curvature 
in the contour of the necked region. The variation of the radius 
snd the wall thickness may be expressed in terms of the dis> 
Unce along the axis of the tube. Expressions which will closely 
fit the contour and shape of the actual specimens are 


r - r« (1 — 

h - A- (1— 


(26] 

[27] 


To obtain a better fit, different constants could be used in 
esch expression, but for the sake of convenience they have been 
chosen identical in this example. If 7, • is the axial stress at a 
distance removed from the necked region, then 


>■ ffJ'hCOS'S. 

dx dx* 

where cos ® — and cos* $ -■ -;— 

dt dx* + dr* 


The axial stress then becomes 

[* + (l) ] 

rhcoe'9 “ (1—rie-"*)* 

,.«(! + (2a4r»)*x*«-®“’j 


128] 


129] 


(1 — 

When this expression for and the proper expressioD for the 
radius of curvature R are substituted in Equation [25], the 
tangential stress is 

2^.«r*«iiae-“*(l — 2ax*) 




{1—Xe-"*)U + (2Xar»)*x*€-*"•*]*''*■ 


[30] 


the actual stresses present after necking has started in the tube. 
In the specimens which bulged out rather than necked in, there 
would also be stresses caused by the change in the radius of 
curvature in the axial planes. The pressure in these cases ia not 
zero, and the expressions for and o, in terms of the distance 
X would likely be more complicated. 

Variation of Strains With Radius. If a tube of finite wall 
thickness expands while at the same time the wall thickness 
decreases, the particles at the inside surface will undergo a greater 
radial displacement than those at the outside surface. This 
results in larger tangential strains in the fibers at the inside 
surface of the tube wall than in those at the outside surface. If 
some relation between the stresses and the strains exists, then 
it might be expected that the tangential stress would be greatest 
at the inside surface and would decrease toward the outside 
surface. 

Since some of the specimens broke along planes where the 
average stress was not a maximum, it is probable that some 
particular point on the plane of fracture may have had a stress 
much higher than the average, and that the material may have 
failed locally at first due to some high local stress. This local 
failure my have weakened the material so that it failed along 
planes where the average stress was not a TnayimiiTn . For this 
reason it seemed advisable to attempt an analysis of the stress 
distribution in the walls of the tubular specimens. 

For small strains the well-known equations are applicable 




[32] 

[33] 


Fig. 24 shows a plot of the radius, the wall thickness, and the 
values of the axial and tangential stresses as a function of the 
distance from the center of the necked region. The constants 
used were r « 0.600, h « 0.088, A 0.250, and a ^ 1.25. These 
constants make the equations correspond quite well to the actual 
shape of the tension specimen after rupture. The tangential 
Stress at the central part of the neck is 17 per cent of the 
axial stress. This tensile str^s decreases along the length of 
the bar and becomes compressive beyond x • 0.633. 



Fxo. 24 STBKSsas in Nbckbd Pabt or Tobulab Spbciubn 

It would be hard to say just bow closely these stresses resemble 
boee in the actual bar. The assumption that the bending 
tfcjocc can be neglected may not be valid, but if the assumption 
I accepted it is quite clear that the average stresses as used in 
be first part of this paper do not represent a complete picture of 


wh&re p is the radial displacement. For large strains the de¬ 
formed and the undeformed state must be distinguished. In the 
discussion which follows, the subscript zero (o) will refer to the 
original dimensions. If a is the inside radius and the volume of 
the material remains constant, the relation between the radius 
before and the radius after deformation is given by 

(1 +0('-*-a*) - (ro*-Og*).[34] 

By making use of this relation, the three principal natural 
strains for large deformations become 


- ln-|^ - In (1 + O - \ ln(l + ..)*.[351 

< - ln(l +-^) - In- - Jin-- . , ....t361 

\ r*/ r# 2 (f* —o*)(l-H O + o»* 

- ^ ^ r*(l -h «.) *_ 

*' ^ \ bro/ ” dr# 2 ° (r*— a*)(l -|- f,) + Oa* 

.[371 


With these equations, it ia possible to compute the strains in 
any part of the tube walls as long as the tubes remain cylindrical 


TABLE 6 STRAINS AT RUPTURE OP BAR NO. 6 (»«/»• - 0.775) 



Inside eurfeoe 

OuUide lurfeee 

Avernga value 

r 

0.765 

0.815 


f» 

0.625 

0,725 


•• 

0.277 

0.277 

0.277 


0.188 

0.117 

0.154 

ir 

-0.465 

-0.394 

-0.431 

ilf 

0.653 

0.511 

0.585 


-0.742 

-0.871 

-0.708 


0.089 

0.160 

0.123 


0.662 

0.572 

C,617 
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in 8hap>e, that is, as long as the axial strain does not vary with the 
radius. 

Table 5 shows the values of the strains in bar No. 6 
0.775) at the inside and the outside surfaces. The average 
values are also given for comparison. The tangential strain 
varies from 19 per cent at the inside surface to 12 per cent at the 
outside surface. 

In order to find the stress distribution, however, some relations 
between stress and strain are needed, and these are just the 
relations which the nonuniform straining that precedes fracture 
tends to destroy. The ordinary method of analyzing such stress 
distributions is to make use of Equation [23], but as has already 
been stated these equations are not valid in the necked portion 
of a flat or tubular specimen. Some such relationship is essential 
for a determination of the stresses at rupture, and until the laws 
governing the distribution of the strains at fracture and the 
manner in which the stresses depend upon these are found, it 
will be necessary to use the average stresses rather than the actual 
stress distribution. 

Conclusions 

1 The material used in these tests was quite ductile, but the 
amount of extension at fracture depended upon the manner in 
which the material was stressed. In the pure axial tension test, 
the axial strain in the neighborhood of the fracture was 0.780. 
In the circumferential tension test, however, the corresponding 
strain was only 0.1&4. 

2 The curves for the maximum shearing stress versus the 
maximum natural shearing strain, or for the octahedral shearing 
stress versus the octahedral shearing strain lie very close together 
regardless of the state of combined stress. At present this can 
only be stated for those cases where the axes of principal stresses 
do not rotate with respect to the material. 

3 Before the ultimate strength was reached the material 
behaved as though it were perfectly isotropic. In the solid 


specimens with rectangular 
cross sections, the strain in 
the direction of the width was 
the same as the strain in 
direction of the thicknees. In 
the tubular specimen, where 
the ratio n — » 0.500, 

the mean diameter did not 
increase or decrease. The 
length of the tubular ^led- 
men tested in pure interna) 
pressure did not change. 

4 Beyond the point erf 
maximum load, however, the 
material did not behave as an 
isotropic body. The distribu¬ 
tion of the three principal 
strains was not the wamA u 
before necldng or nonuniform 
straining started. This was 
true even in pure axial ten¬ 
sion if the specimens wne 
neither round nor square in 
cross section. For any com¬ 
plicated structure it is proba¬ 
bly necessary to run a model 
test to determine the strains 
at fracture. 

5 At fracture the material 
appeared to be weak in the 
circumferential direction. 

This was shown by the results of notched impact tests. 

6 Fracture seemed to occur when the shearing sti^s reached 
a critical value. This critical value was not the same in all 
directions. In the present investigation, the average shearing 
stress at fracture of those specimens which failed by a circum¬ 
ferential rupture was approximately 55,000 psi. For those which 
failed by a longitudinal crack, the average value of the shearing 
stress at' fracture was about 40,000 psi. This reduction in 
strength in the tangential direction is about the same as the 
reduction in impact strength in that direction. 

7 In most cases fracture occurred along planes of maxiTnitm 
shearing stress. In some cases, where the two largest .shearing 
stresses were nearly equal, fracture occurred on planes where 
neither the shearing stress nor the shearing strain was a maxi¬ 
mum. Tbis can be partly explained by anisotropy of the ma¬ 
terial in so far as fracture is concerned. 

8 The amount of energy absorbed by a unit volume of the 
material adjacent to the fracture will depend upon the shape of 
the specimen as well as the state of combined stress. If the test 
piece is free to neck down, the energy absorbed will be higher. 
In the present tests the highest value of the specific energy was 
obtained in the pure axial tension test. 

9 After necking begins there are secondary stresses set up 
which complicate the stress pattern in the necked region. In an 
example worked out in the text, the hoop stress in the neck of the 
tubular specimen in pure tension was 17 per cent of 
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A Method of Measuring Triaxial 
Residual Stress in Plates* 

By D. Rosenthal^ and I. T. Norton^ 


General 

T he problem of measuring a triaxial residual stress is 
synonymous with that of measuring the residual 
stress in the interior of a body for, obviously, no 
triaxial stress system can exist on the surface of a tody. 
But while the surface stresses can be measured directly 
and in an entirely nondestructive fashion by means of 
X-rays, * no method has been devised as yet to measure in 
the same way the stress in the interior. The only other 
way in which this can be done is by means of a relaxation 
whereby the change produced in the internal situation is 
determined from the change observed on the surface. 
For example, if a system of residual stress exists in a 
round bar of steel, then by boring a hole through the 
center, a change of stress will be observed on the outer 
surface of the bar. This method, the well-known Sachs 
boring-out method, was one of the earliest, if not the 
earliest, to measure the triaxial stress situation.’ It is 
limited to long bars and tubes in which the residual stress 
pattern has a rotational symmetry; for example, such 
as is found in cold-drawn tubes. Under these circum¬ 
stances a known relation exists between the change of 
stress measured on the surface and the amount of stress 
relieved in the interior by the boring, so that the latter 
can be computed from the former in a relatively simple 
way. Similar relations have been established for rec¬ 
tangular and flat bars.* Successive layers of metal are 
removed from one of the faces by means of shaving and 
honing, and the amount of stress relieved in each layer is 
determined from the deflection of the bar. But the very 
assump^on on which this computation is based precludes 
the existence of a triaxial state of stress. Compared 
to the atove two methods, the present method has a 
much broader field of application. It is not limited to 
bars, and the type of stress that can be investigated is of a 
more general nature. The method is particularly well 
suited to the investigation of the stress situation exist¬ 
ing in thick welded plates. 

Principle 

However, the basic difference between this method 
and the two others is that it applies the principle of re¬ 
laxation in a different manner. While the latter measme 
the change of stress in the main part of the tody, the 
former deals only with a small element that has been 
cut free from the tody. In this respect there is some 
similarity with the method used for measuring the re- 


* Presented at the Twentf-Fifth Annual Meeting, A.W.S., Cleveland, 
Obio.Oct.l6tol9,1944. 

Contribution to the Weld Stress Committee of the Welding Research Coun¬ 
cil. 

t Assistant Professor, Department of Metallurgy, Massachusetts Institute 
of Technology, Cambridge, Mass. 

i Professor, Department of Metallurgy, M.I.T. 



sidual stress in thin cold-drawn tubing.* The main ad¬ 
vantage of this procedure lies in that by properly select¬ 
ing the shape and size of the element, the change of 
stress can be made to follow a known law of relaxation 
across the thickness. In the case of the welded plates 
the element is simply a rectangular block, but by making 
this block long enough with respect to the thickness, it 
will be shown that an approximately linear law of re¬ 
laxation is obtained through the thickness. 

Procedure 

Before going into further details, a brief description of 
the procedure will be helpful. This can be done best 
with reference to Figs. 1 (a) and 1 (6). 

Suppose it is desired to determine the residual stress 
along the axis of a weld. For brevity this stress will be 
referred to hereafter as longitudinal, whereas the stress 
normal to the axis will be called transverse. The re¬ 
laxation is then carried out as follows. 

In the first step, a narrow block having full thickness 
of the plate is cut with its long axis directed along the 
axis of weld, Fig. 1 (a). If the block is narrow enough 
with respect to the thickness, then it may be assumed 
that the operation has relieved practically ^ of the stress 
acting in the transverse direction while relieving only a 
part of the stress in the longitudinal direction. But, 
if at the same time the block is made long enough with 
respect to the thickness, twice the thickness or more, as 
will appear later, then the stress that has been relieved 
in the central portion of the block is very nearly a linear 
function of the thickness. In other words, if the value 
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Fig. 2—Layout of Gages Using the Principle of Symmetry 
(1-1) or the Principle of Interp^tion (2) for the Determine* 
tion of Stress at a Point 


of this stress is known on the top and bottom face of the 
plate, then values of the stress reMeved throughout the 
thickness are readily computed. 

The relaxation of stress on the top and bottom faces 
can be measured directly if the X-ray diffraction method 
or a special type of strain gage is employed. But, if the 
usual strain gages are to be used in the investigation, 
the relaxation of the transverse strain also must be meas¬ 
ured. To this end two blocks, one longitudinal and one 
transverse, with gages attached are cut from the plate, 
and the relaxation of each block is measured in the direc¬ 
tion of its long axis. For each point investigated, two 
blocks are required and, since two blocks cannot be cut 
out of the same spot, the layout is arranged making use 
of the symmetry of the specimen, or using the method of 
interpolation, as examplified by Fig. 2. These layouts 
must be used in any case if both longitudinal and trans¬ 
verse stresses are to be determined. 

The next step is to determine the value of the stress left 
in the block itself. To this end the block is sectioned, 
and from each half of the block, slices of metal about Vs 
in. thick are cut, progressing from the mid-section out¬ 
ward to the top or bottom faces of the block, as shown 
in Fig. 1 (b). At each stage the relaxation of stress is 
measured on the two outer faces, and the amoimt of 
stress left in the last slice is determined cither by ex¬ 
trapolation or directly, if the X-ray diffraction method is 
available. From the progressive relaxation of the two 
outer layers, the amount of stress relieved in the inner 
layers can be computed if it is assumed that after each cut 
the change of stress, produced in the remaining part of 
the block, is a linear function of the thickness. The total 
amount of stress at different levels below the surface is 
then the sum of the values obtained in the above two 
steps of relaxation. For full particulars, reference is made 
to the Appendix. 

From the preceding it is obvious that this procedure 
applies to the transverse as well as longitudinal stress, 
whether tension or compression; but, as shown in the 
Appendix, a similar procedure can be used for the de¬ 
termination of the longitudinal and transverse shearing 
stress through the thickness. The stresses acting in the 
direction of the thickness cannot be measured directly. 
However, they can be computed from the differential 
equations of equilibrium once the general pattern of the 
longitudinal and transverse stresses has been obtained. 


A sample computation is given in the Appendix. 

In this way, the whole triaxial residual system is deter- 
* mined. 


Experimental Verification 

A. The Removal of the Block from the Plate .—The 
brief description of the procedure makes it clear that the 
validity of the method is based on the assumption that 
it is possible to obtain a linear distribution across the 
thickness of the stress relieved in the block at each step 
of the relaxation. There is good theoretical basis for 
this assumption if the block is made long enough with 
respect to the thickness, but the natural tendency is to 
make the block-as short as possible so that the local 
situation can be better explored. How far one may go 
in this direction depends on how much the shortening of 
the block is- going to affect the linear law of relaxation. 
To a certain degree this question can be answered 
theoretically, but to a technical man an experimental 
proof is more convincing. Therefore, an experimental 
model has been prepared to make the necessary verifica¬ 
tion. 

In order to explain how this model was conceived, 
suppose that the block of Fig. 1 (a) is subjected to a 
longitudinal residual stress of the pattern represented by 
Fig. 3 at its two ends. The problem consists of finding 
out how much of this stress h^ been relieved at the mid¬ 
section of the block after the latter had been cut loose 
from the plate. This problem has been treated theo¬ 
retically,® and the answer is shown in Figure 3 for a block 
whose length is twice the thickness. It is seen that the 
stress relieved at the mid-section exhibits an almost 
linear trend, which because of symmetry results in an 
almost uniform stress distribution across the thickness. 
It also follows from the conditions of equilibrium that the 
relaxed stress is very nearly equal to the average stress 
relieved at both ends. Obviously, this last condition 
holds no matter what is the magnitude of the average 
stress. For example, if it is zero, then no relief of stress 
can be observed at the mid-section if the linear law of 
relaxation is to be obeyed. 

This particular condition was used for the experimental 
verification. Two flat bars of mild steel. Fig. 4, 12 x 6 x 
•/g in., received a weld deposit along one of their 12-in. 
^ges, and the residual stress pattern produced by the 
welding was explored by means of X-rays at the mid¬ 
section of the bar. The residual stress was found to be 
of the familiar pattern, tension at both edges and com¬ 
pression in the central portion of the width, as shown later 
in Fig. 10. A series of narrow wire strain gages, the 
A-12 SR4 type, 1 in. long were then attached to the bar at 
various points of the 3-in. width and on the top and 
bottom edges of the bar, in the manner shown by Fig. 4, 



Fig. 3—Distribution oi Stress at the Mid-section of a Blocdc of 
the Size Indicated Due to a Parabolic Type of Loading at Both 
Ends 
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Oottom Saqt 
Ilg. 4—Experimental Modd with the Gages Attached 



full-size block. It only means that 
by making them shorter, an addi< 
tional relief of stress is produced 
which represents a certain fraction 
of the sti^ left in a full-size block. 
This fraction is between 10 and 25% 
for one and a half times the thick¬ 
ness and, although it looks like a 
large scatter, it is only 2000 psi. in 
40,000 psi. if 15% is accepted as the 
most probable value, Fig. 6. 

B. The Splitting and Slicing of 
the Block .—It remains now to be 
shown that the splitting and slicing 
operation can also be carried out in 
accordance with the linear law of 
relaxation. To this end one pf the 
bars was split in two after the cut 
III-III, Fig. 7, and the change of 
stress produced in both parts was 
meastu^ along the 3-in. width. The change of stress 
was also measured in one of these parts after a slice of 
about V8-in, thickness had been removed from its bottom. 
As seen from Figs. 7 and 8, the linear law of relaxation 
is observed in both cases despite the fact that the 
relaxation has been applied to a block whose length is 
only 1.5 times the thickness. Thus the results have 


Fig. 5—Fraction of Baaidual Strew Relieved by Cutting the 
Model of Rg. 4 to the Length Indicated 



Fig. 6—Stiew Relieved in the Model of Fig. 4 by Reducing the 
Length to 1 ^ Times the Thicknew 


and the change of strain produced by the cuts I-I, II-II 
and III-III was measured in the direction of the long 
axis of the bar. By a stretch of imagination these meas¬ 
urements can be looked upon as being made on blocks 
of different lengths removed from a hypothetical plate 
whose thickness is equal to the width of the bar and 
whose residual stress pattern is of uniaxial type with 
average stress equal to zero. The results are plotted in 
Fig. 5 as a function of the length left after each cut. 
For convenience the strain was converted in a per cent 
change of the total residual stress present at the point 
considered, and the length was fibred as a multiple of 
the width of the bar, or the thickness of the hypothetical 
plate. In this way the results of earlier investigations 
also could be included in the plot.®-* The plot is semiloga- 
rithmic because of the large scattering and exponential 
trend of the relief of stress. In accordance with the 
theory, only a negligible change of stress is observed 
when the length of the block is twice the thickness or 
more. For brevity, such a block will be called a full- 
size block; but when the length is less than twice the 
thickness, for example, one and a half 'times the thick¬ 
ness, the change no longer is negligible and the linear 
law of relaxation is not obeyed. This does not neces¬ 
sarily discard the use of blocks that are shorter than a 



Fig. 7»Lmear Distribution of Strew Relaxed by Splitting the 
Block in Two Parts 
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proved that the linear law is valid for both steps of the 
relaxation. 

Remark 

It follows from Fig. 7 that the magnitude of the re¬ 
laxation was different in the top and bottom part of 
the block. This difference can be explained in a twofold 
way. First, the block was not split in the center and, 
second, the bending of the two parts was caused by the 
relief of not only. the normal but also the shearing 
stresses at the interface. The effects caused by these two 
types of stress were additive in the upper part of the 
block, but they were subtractive in the lower part of the 
block; hence the stresses in the upper part were much 
higher than the stresses in the lower part. For full par¬ 
ticulars see the Appendix. 



Rg. 8—Linear Distribution of Stress Relaxed by Removing a 
Slice from One Side of the Block 



Fig. 9—Slice of the Model Fig. 4 witb Gage Attached 


The Agreement Between Computed and Measured 

Stress 

After the experimental basis for the computation had 
been established, it was of interest to find out what kind 
of an agreement one could expect between the computed 
and measured stresses. The stresses were measured in 
one of 'the bars by the X-ray diffraction method, as 
stated previously. In the other bar they were deter¬ 
mined at various points of the 3-in. width by.removing 
slices of metal 0.2 in. thick with the gages attached, 
Fig. 9. In both bars they were computed using only 
the results of the top and bottom gages. The agreement 
between the so-computed and measured stresses was 
quite satisfactory when the stresses were measured by 
means of gages, Fig. 10, but it was less satisfactory when 
the X-ray diffraction method waS employed, Fig. 11. 
To be more specific, the discrepancy is considerable 
only in the upper portion of the bar, i.e., the portion 
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Fig. 10—Stresses in Model Fig. 4 Computed (Contmuous Line) 
az^ Measured by Means of Wire Gages on Both Sides of the 
Plate 

Full circles on one side, open circles on the opposite side. 


which was under direct influence of the heat of welding. 
There is good reason to believe that this discrepancy is 
due to a superficial stress gradient produced by cooling 
following the welding. Because of its superfici^ nature, 
this situation has affected the X-ray measurements which 
involve only a thin surface layer; but it has not affected 
the strain-gage measurements and the computation, as 
both of them consider only the average situation at a 
given level below the weld bead. However, on the top 
of the bead the true situation is computed, and here the 
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Fig. 11-—Stresses in Model Fig. 4 Computed (Continuous Line) 
and Measured by Means of X>rays on Both Sides of the PUte 

Full circles on one side, open circles on the opposite side. 
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X-rays and the computation are in agreement by reveal¬ 
ing die existence of a superficial stress gradient, Fig. 11. 


Practical Application 

In order to demonstrate the value of this new pro¬ 
cedure, Fig. 12* shows the distribution of longitudmal 
and transverse stress across the thickness of weld in a 1- 
in. butt-welded plate of mild steel. It is seen that, con¬ 
trary to expectation, the maximum stress occurs not at 
the top layer but in the mid-thickness of the weld. For 
full pa^culars reference is made to the Appendix. 



Fig. 12—^Distributloii of Retidual Stress Across the Thickness 
of Weld in a 1-In. Welded Plate 

L —longitudinal; T —^transverse; broken lines—relief of stress 
due to removal of a block; continuous line—total relief of stress. 


Concluding Remarks: Limitations and Further Pos¬ 
sibilities 

Despite the satisfactory agreement between the com¬ 
putation and experiment, it must not be overlooked 
that in its actual application the proposed procedure is an 
approximation. It does not give the local value of stress 
but an average over a length and width which at best are 
half of the thickness. The linear law of relaxation in the 
middle portion of the block has been established only 
for the case of a stress pattern which gives the same 
average at both ends of the block. It becomes more 
and more of an approximation as the gradient of this 
average becomes steeper, because of the increasing in¬ 
fluence of the shearing stress relieved along the side 
faces of the block. Finally, the procedure is based on the 


assumption that the influence of the stress acting in the 
thickness direction becomes negligible after the block 
has been split in two, an assumption quite acceptable 
up to the thickness of 1 in., but not so obvious above 
I in. • 

All these limitations, however, are involved not in the 
principle of relaxation but in the procedure. Therefore 
it is feasible to imagine other procedures of relaxation 
which are better suited to the particular pattern of stress 
to be investigated. This is particularly true when deal¬ 
ing with the residual stress situation created by welding 
a plug in a large plate, or by depositing the first layer 
in the bottom of a groove. In both cases the X-ray dhf- 
fraction part of the method is likely to play a more im¬ 
portant role than in the case of the welded plates because 
of the local character of the stresses. But the very fiict 
that there are definite possibilities for the investigation 
of these stresses using ^e above-mentioned principle of 
relaxation is a fairly g^od indication of its value. 


Appendix 

Section I. Determination of Longitudinal and Trans¬ 
verse Stresses (Compression and Tension) Across the 
Thickness 


A. Computation of Stresses Relieved by Cutting the 

Blocks Loose from the Plate. Average Stress 

1. Blocks at Least Twice as Long as Thick. —Suppose 
e\ and e't represent the amount of strain relax^ in 
longitudin^ and transverse directions by cutting one 
longitudinal and one transverse block free from the 
plate. Additional relaxation will be noted on both faces 
of each block by sectioning and slicing the latter in the 
manner described previously in the main body of this 
paper. Let e'l and be the balance of relaxed strain 
thus obtained in each direction. Then by assuming a 
partial relief of stress in the direction of the long axis of 
the block and a total relief of stress in the direction trans¬ 
verse to this axis, the following relations exist between 
stress and strain on the face of the block when cutting the 
latter loose from the plates: 


(a) Longitudinal block: 

Be', = S', - v(S', + 5%) 
Be", = S", 

(b) Transverse block: 

Be', = 5', - -h S",) 
Be", = S\ 


( 1 ) 


where S', and S', are values of stress relieved on the face 
in longitudinal and transverse directions by cutting the 
blocks loose from the plate; S", and S",, vdues of stress 
relieved on the face in the same directions by sectioning 
and slicing the block; and E and v, modulus of elasticity 
and Poisson’s ratio of the metal. 

Obviously, S', + S’, and S', -f- S’, represent the total 
relief of stress on the face of the plate in Iwth longitudinal 
and transverse directions. Solving equations 1 for 
S', and S'„ there follows: 


5'. = + t-e',) + + w'.) 

S', = («'. + w'O + («'. + ™'.) 


( 2 ) 


*Figure 12 is excerpted from a work done hi the X-ny lebomtory of the 
Department of Metailiirgy, by Lt. F. P. Pereira Pinto and Lt. M. H. 

Bettamio de Axevedo in partial fulfillment of the requirements for a degree of 
Master of Science. 


The first term on the right side contains values of 
strain relaxed by cutting the blocks loose from the plate, 
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whereas the second term gives the contribution from 
sectioning and slicing the blocks. As shown previously, 
the variation of 5'j and S't across the thickne.s.s is very 
nearly linear, provided the block is at least twice as long 
as thick. Hence, the values of S'l and S't can be easily 
computed all the way through the thickness, if the corre¬ 
sponding values for the top and bottom faces of plate 
are determined by means of Formula 2. 

The average stress across the thickness also can be 
computed from these values as the stresses left in the 
block itself can contribute nothing to the average. 

2. Correction for Blocks Shorter Than Two Times the 
Thickness .—The foregoing computation was based on 
the use of a full-size block, i.e., a block whose length was 
at least twice the thickness. When cutting a block 
shorter than two times the thickness, it was shown pre¬ 
viously that an additional relief of stress was produced, 
which could be represented as a fraction /3 of the stress 
S’ which would have been relaxed from a full-size block. 

With this in mind, Formulas 1 can be rewritten as 
follows: 

Ee't = S't + &S’, - v{S't + 5',) 

Ee’i (1 — 0)S’i /ox 

Ee't = 5', + ^S’t - v{S't + 5',) 

Ee’t = (1 - ^)S’t 


Solving Equations 3 for S'l and S't there follows: 





and 




E 

1 - r* 


Wi + ve'i) + «'<) 

{e't + ve'i) + Yzrf «'«) 

(4) 


By making the length of the block equal to one and a 
half times the thickness it was found previously that a 
value of = 15% would bring about an error of less 
than 2000 psi. in 40,000 psi. Hence within this limit of 
error Formulas 4 become, when = 0.15, £ = 3 X 10^ 
psi., and = 0.3: 

5',=3.3 X 10" i:e^ + 0.3c^) + 10" (0.99c',-0.23c',) 1 

(5) 

5',=3.3 X 10"(c', + 0.3c',) + 10"(0.99c',-0.23c',) J 


B. Computation of Stress Relieved Across the Thickness of 
Block by Means of Splitting the Block in Two and Pro¬ 
gressive Slicing. 



Fig. 13—Schematic Representation of Normal and Tangential 
Stress Relieved at the Interface by Splitting the Block in Two 
Parts 



Rg. 14—Moment and Shearing Force at the Interface Rasolting 
from the Relaxed Stresses 





1. Computation of Stress by Splitting the Block in Half. 
—When splitting the block in two, normal as well as 
shearing stresses are relieved at the interface, as shown in 
Fig. 13, and as a result of this relief a partial relaxation 
of stress is produced in the direction of the long axis in 
both halves of the block. Because of the linear law of 
relaxation demonstrated previously in the main body of 
this paper, the amount of stress relaxed in this way ai 
each level below the surface may be readily computed 
from the amount of stress relaxed on the top and bottom 
faces of the block, by making use of equations of equilib- 
riiun of forces and couples acting at the interface between 
the two halves of the block. 

(a) Determination of the forces and couples acting at the 
intetface: Suppose the amount of stress relaxed on the 
top and bottom faces of the block is represented by S'*, 
and S’%, respectively. These stresses may be thought 
of as being produced by a tangential load and a couple 
acting at the interface. Let T and M be their values 
per unit width of the interface. Fig. 14. With reference 
to Fig. 15 the stress may then be represented as a 
sum of 3 components, namely: 

1. The stress T/O ot due to axial loading T. 

2. The stress —3T/0.5t produced by the couple 
r X 0.5//2. 

3. The stress +6A//(0.5/)* produced by the couple M 
Hence: 
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ar 


4. ^ X 

(0.5/)* 0.5/(0.5/)*^°^ 


0.5/ 0.5/ ■ (0.5/)* 0.5/ 

Likewise, taking into account the change of sign of T, 

6Af 

0.5/*^ (0.5/)* 


C.0 __?L . 3r 

* 0.5/^0.5/^ (0.5/) 


QM _ , 2T 

i ->" 


P'roin Equations 6 and 7 there follows; 

r^.(^^°>---?rMxo.5/ 


(7) 

( 8 ) 



6C-6t 
AD-si* 
OfS 


n • 

9 St 


and 


M = X (0.5/)» (9) 


( b) Determination of the stress at the interface: Know¬ 
ing the values of T and M, valu^es of stress at any level 
below the surface may be computed for each half of the 
block. For example, the stress relaxed at the interface 
in the upper half of the block can be related to T and M 
by a formula similar to 6. If this stress is represented by 
the symbol then 


r 

0.5/ 


ar 

0.5/ 


OAT 4r 
(0.5/)* 0.5/ 


(0.5/)* 


( 10 ) 


or, with reference to Equations S and 9: 

S-\„ = {S’\ - S'\) - = - I 5'», + 

( 11 ) 


Similarly by interchanging and 5'®# the stress re¬ 
laxed at the interface in the lower half of the block be¬ 
comes, by putting instead of 5*’®o.i»: 

S'V» = (12) 


If 5'®* = S"®!, then there follows from Equation 8 that 
7" = 0, and from Equations 11 and 12 ^at 5'®o.n = 
5 *'®o. 56. In other words, the relaxation of stress be¬ 
comes symmetrical with respect to the mid-section of 
the block, i.e., it is the same in both halves of the block. 
However, if 5'®* is not equal to S'®!, the relaxation of the 
stress in the upper half is different from the relaxation 
in the lower hsdf of the block, and there is no symmetry 
in the stress distribution with respect to the mid-section 
of the block. 

(c) Determination of stress at any level below the sur¬ 
face: Suppose it is now desired to determine the value 
of the stress relaxed at any level below the top surface. 
For convenience this stress will be called S"\, where a 
represents the fraction of the thickness separating this 
level from the bottom face. Then (see Fig. 16), 

S*-®.. - 5'®0.5r + (« - 0.5) 

= (2a - 1)5'®, - (2a - 2 )S'“mi 
or with reference to Equation 11 

S'\ = (2a - 1)5'®, - (a - 1) (- 35'®, + 
or V (13) 

5'®. = (5a - 4)5'®, + (1 - a)5'®j ) 

Similarly, by interchanging / and b the value of the 
stress 5'® relaxed at a given level below the bottom face 


or 




Fig. 16—Computation oi the Value ^ Strau at Level a from 
the Values of Stress Relaxed on Top and Mid-ssction of the 
Block 


of the block becomes( if a now is referred to the top face 
of the block): 

5'®* = (5a - 4)5'®* + (1 - a)5'® (14) 

(d) Determination of the stress relaxed at the interface, 
when the block is split in two unequal parts: If for some 
particular reason* the block is spUt in two unequal parts, 
the stress relaxed at the int^ace can be computed 
using the same principle of equilibrium of forces and 
couples as outlined previously. Let u represent the 
fraction of thickness referring to the lower part, then 
the value of stress at the interface is found to be; 
for the upper part: 

5'® = - 5'®,(2 - «) + 5'®* (!-'>) 

and for the lower part: 

5'® = -5'®*(1 + «) + 5'®, (16) 

the value of u referring in both cases to the lower part of 
the block. 

These formulas were used to compute the stresses re¬ 
laxed by splitting the experimental models, Fig. 4. 

2. Computation of Stress Relaxed by Slicing Each Half 
of the Block from the Mid-section to the Outer Face .— 
After the blo^ has been split in two the residual stress 
still present in each half is further relaxed by progres¬ 
sive slicing starting from the mid-section. Let this 
residual stress be represented by the symbol 5". It has 
been shown previously, Fig. 8, that by removing a thin 
slice of metal, the small amount of stress relaxed in the 
remainder of the block follows a linear law across the 
thickness, and this circumstance will be used now to 
compute the value of stress relaxed at a given level below 
the surface, from the value of stress relaxed at the top 
or bottom faces of the block. 

With reference to the upper half of the block, suppose, 
Fig. 17, that the process of slicing has progressed to the 
level where n is the fraction of the total thickness 
removed by slicing, so that the remaining fraction of the 
thipkness is 1 — /x. Due to the slicing operation the 
value of stress 5",. at the level m has been changed by an 
amotmt which we shall call s^, so that the stress still pres¬ 
ent at this level is 5" — s^. By machining an addi¬ 
tional slice dn, a tangential force — (5",, — sf)d^i per unit 
width of the block will be removed from the levd 1 — u 
and this force will relaxe a stress equal to dst on the 


*Par example, becatue of the location of a gage aa was the case in fig. 4. 
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Fig. 17—Shearing Stress Produced at the Interlace as a Result 
Slicing 


top face of the block. Along with the tangential force 
— (5'^ — s^) dn infinitesimal normal stresses acting in the 
direction of thickness also are removed from the level 
1 — Because of the small thickness left, it can be 
safely assumed that the influence of these stresses is 
negligible as compared to that of the tangential force, 
once the block has been split in two. In other words, it 
will be assumed that once the thickness of the block has 
been reduced to a half inch or less, there is practically 
no stress left in the thickness direction. When working 
with plates one and a half inch thick and more this as¬ 
sumption may prove too approximate, and in this case 
the block must be split first in two and then in four, with 
two additional gages placed on the newly formed faces. 

With this in mind, the following relation exists be¬ 
tween dst and — (5'V ” s^)dn (see Formula 10, where 
Af = 0, and Fig. 16 (a)): 




or 


(1 - m) 

_ 2(5*"^ — 

dfi (1 — m) 


(I - m) 


(17) 


Similarly at a level 1 — a from the top face, see Fig. 18: 

+ 3(5". - 


or 


_ - X 1 _ 3[2a (1 m)] ~| /2g\ 

Hence by eliminating (5*"^ ” ^»») from Equations 17 and 
18; 


dsa _ d£i 1—^ — 6a + 3-h3ju 
dn dn ~2(1 — fi) 


or 


dSa __ dSt^Sa — 2 — M 
dfjt dn 1 “ M 


(19) 


This relation holds for all values of n between ju = 
0.5 and n ^ a, hence; 




fpx 

Joiidu 


3a 



( 20 ) 


But at the level a a similar relation to that of Formula 
17 gives 

_ 2 ( 5 * g — Sg) 
da (1 — a) 


Hence, with reference to Equation 20; 


5*' 


a 


2 da 



( 21 ) 


This expression can be simplified by observing thai 

rP ~ ^ ~ '‘ V - 

Jo.bdn 1 ~ M \ 1 “ M /o.6 

X- ^2 _ -d/i — — 2^1 +3(1 — a 


_ £*_ 

Jo.5(l — 




Hence: 


( 22 ) 

By making the block narrow enough it may be assumed 
that all of the stress acting in the direction transverse 
to the long axis of the block has been relieved. Henct 
the state of stress on the top and bottom faces becomes 
uniaxial. With this in mind, Formulas 13 and 22 ma} 
be rewritten as follows; 


5'®, = 5*% = £6"% 

, = - e'o.); 



Hence: 

5*“. = E X [(5a - 4)e*% + (1 - a)e''\] (13a) 


and 


S" = - 2(«', - + 3(1 - , 


or since 


5*« = S*». + 5''« 

5'. = £ [i^' (1 - a) - 2(e', - «'«,) + 3(1 - o. 

(23) 

This formula applies to the upper half of the block 



Fig. 18—Computation of the Value of Stress at Lerel o froai 
the Value of Stress, Relaxed by Slicing, on Top of the Block 
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but the same formula remains valid for the lower half, 
if the indices t and d are interchanged. 

The meaning of the symbols is the following; 

E = modulus of elasticity = 30 X 10* psi. for 
steel. 

a = fraction of the total thickness removed by 
slicing. 

or c'ft = relaxed strain measured on top or bottom 
gage for the position a. 

e'*i = the relaxed strain on top, when splitting 
the block in half. 

= same as but for the bottom gage, 
de/da = the slope of the diagram at the corre¬ 
sponding value of a. 

As for the integral appearing on the right side of 
Formula 23, it involves all values of the auxiliary vari¬ 
able M comprised between 0.5 and a, and the corre¬ 
sponding values of This integration is accomplished 
graphic^y. 

Note: When using a block shorter than twice the 
thickness, the value of stress computed by means of 
Formula 23 must be multiplied by the correction factor, 
1/(1 — fi), as explained previously. Section I, S. 

In the actual application a varies between 0.5 and 1.0. 
For a = 0.5 

Oir _ p fl 5 _L i -"O "I 

2' ‘ + 2’’ “J 

and likewise by interchanging t and b (24) 

C*' — 77 ri _ — j'O -1- 1 **'0 1 

Since both values must be the same, one of these rela¬ 
tions may be used as a check, or to correct eventually the 
somewhat uncertain values of the slope at the beginning 
of the diagrams. 

3. Use of the X-ray Diffraction Technique for Com¬ 
puting the Stress on Both Faces of the Block. —It follows 
from Formula 23 that for a =* 1, i.e., for the top and 
bottom faces of the block, the term containing the in¬ 
tegral becomes indeterminate. By solving the in¬ 
determination the value of S"i becomes as expected: • 

5', = -I- 

and likewise: 

5% = + Ee'', 

However, the exact value of e’t for a = 1 cannot be ob¬ 
tained except by extrapolation. The latter procedure 
becomes quite uncertain, if the stress gradient is very 
superficial. Furthermore by making the last portion 
of the block too thin, for example, less than 0.1 in., a 
correction factor for bending must be applied to the 
values of e"t and e^b to account for the fact that the 
wire strain gages are located some 0.004 in. above the 
surface of the Wock. 

For this twofold reason, when the two halves of the 
block are ultimately reduced by shcing to a little more 
than 0.10 in. in thickness, it appears more advisible to 
make use of the X-rays in order to determine the balance 
of stress still left on the top and bottom faces of the 
block. To this end, the wire strain gages are removed, 
and X-ray diffraction measurements are made at two or 
more points of the face to obtain a reasonable average 
stress. 

If the latter value is called for the top and bottom face 
S*i and S*ft, respectively, then the stresses S'j and S'* 
present before splitting and slicing the block are simply: 



Fig. 19—Layout of Gages in a Butt-W^ded Hate 


S\ = 5*. + £ X e', ■ 

and (25) 

5% = sn + £ X , 

where e’l and represent the strain relaxed on top and 
bottom faces of the block from the moment it has been 
cut free from the plate to the moment when it has been 
reduced ultimately to some 0.1 in. in thickness. 

4. Numerical application. —The above procedure 
will be illustrated on an example of a butt-welded plate, 
12 X 12 X .1 in. in which the distribution of the longi¬ 
tudinal and transverse stress across the thickness of 
weld has been actually determined. 

(a) The layout of strain gages: The gages were the 
electrical wire strain gages, SR4-A1, and they were 
placed on the top and bottom face of the plate in the 
manner represented by numbers 1 and 2, Fig. 19. Only 
one longitudinal and one transverse gage were used on 
each face, and their indications were referred to the 
same point located on the axis of weld in the mid-section 
of the plate. This procedure appeared legitimate in 
view of a previous work which disdosed that there was 
no appreciable change of stress along the axis of weld in 
the middle portion of a 12 x 12 x 1-in. welded plate. 

(5) Determinations of strains e'l and e\: After the 
gages had been placed on the plate and the initial read¬ 
ings taken, one longitudinal and one transverse block 
with the gages attached were cut loose from the plate. 
A narrow circular band saw Vt in. wide, 24 teeth per inch 
was used and the speed of cutting was adjusted so as to 
avoid excessive heating. Under these circumstances it 
was found that the cutting operation induced no stresses 
of its own. The blocks had the full thickness of the 
plate and they were lVi in. long and V* in. wide. By 
subtracting the strain gage readings on ^e blocks from 
the initial readings on ^e plate, the values of the relaxed 
strains e't and e\ were obtained on both faces, Table 1. 

(c) Determination of strain relaxed by splitting and 
successive slicings of the blocks: The blocks were sec- 




MEASURING TRIAXIAL RESIDUAL STRESS 


303-6 


Digitized by LnOOQle 


Table 1—Valties of Strain Relaxed by Removing a Longitudi¬ 
nal and a Transverse Block from the Plate 

Block 

Face 

•-Relaxed Strain-^ 

Symbol Micro In./In. 

Longitudinal No. 1 

Top 

Bottom 

e’l 1530 

545 

Transverse No. 2 

Top 

Bottom 

e't 108 

225 


tioned in half, and from each half of the block slices of 
metal about thick were removed progressing from 

the mid-section toward the outer top or bottom face 
of the block. The slices were cut using a small band 
saw, 24 teeth per inch. No. 2li gage and */* in. wide. 
The cutting operation proved to be of no significant 



Tig. 20—Strain Relaxed on Top and Bottom in Block No. 1 by 
Splitting and Successive Slicing from Mid-section Toward 
Both Faces 



Fig. 21—Strain Relaxed on T^ and Bottom of Block No. 2 by 
Splitting and Successive Slicing from Mid-sectum Toward 
Both Faces 


effect on the wire gage readings, at least not before the 
thickness of the block became substantially smaller 
than 0.1 in. 

The strain relaxed on the outer face at each step of the 
operation was measured and plotted as a function of the 
tUckness remaining after the cut. 

The results are represented by diagrams, Figs. 20 and 
21, for the longitudinal and transverse bloc^, respec¬ 
tively. For convenience, plots for the bottom and top 
gages were combined in one diagram by using as abscissa 
the position of the cut in the original block. 

Determination of the end values of diagrams Figs.2v 
and 21: After the thir^i*«8s of the top and tettom halves 
of the blocks had been reduced to some 0.1 in.» the gage 
was stripped off the face and the latter was investigatd 
by means of the X-ray diffraction technique for the 
balance of the residual stress still present in the direc¬ 
tion of the long axis of the block. For full details re¬ 
garding this technique reference is made to an earlier 
publication.^ The stress was measured at two points. 
A and B, 0.2 in. away on either side of the center. The 


Table 2—Values of Streee Measured by Means of X-rays 




Thick¬ 



Strain 

Stress 

Total 

Total 



ness of 


Stress 

Relaxed, 

Relaxed. 

Stress, 

Strain, 



Slice, 


by X-rays, 

Micro 



Micro 

Block 

Face 

In. 

Point 

Psi. 

In./In. 

Psi. 

Psi. 

In./ro 

Longitudinal No. 1 

Top 

■A In. 

A 

-22,850 








B 

-16,850 








Av. 

-19,850 

-1600 

-48,000 

-67,500 

-22W' 


Bottom 

Vi In. 

(extrapolation) * 





-4iTi 

Transverse No. 2 

Top 

Vi In. 

A 

-10,250 







B 

-19,750 








Av. 

-18,000 

-920 

-27,600 

-45,600 

-152i' 


Bottom 

Vi In. 

A 

-16,900 








_B_ 

-15,100 








Av. 

-16,000 

-1-365 

-1-10,950 

-5,050 

-IiSi 


* Dm to the RiieU sradioot, the end velue of diegrecn, Fif. 20, on the bottom side wns determined by extrapobtfam. 
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results of these measurements and their averages are 
summarized for each face in Table 2. 


T«bl« 3—Computation of Str— Rolaxod by Cutting th« 



Kocka Free from the Plate 



Longitudinal 

Transverse 




Strain, 

Strain, 




Micro' 

Micro 

Longitudi¬ 

Transverse 


In./In. 

In./In. 

nal Stress, 

Stress, Psi. 

Face 

e't* 

«'i* e’A 

Psi 

s\t 

Top 

1630 - 2260 

198 -1620 

43,100 

2300 

Bottom 

646 - 400 

225 -168 

10,560 

9190 


• See Table 1. 
t See Table 2. 

t Computed by means of Formulas 6 p. 300. 


Using the average value as a measure of the stress S* 
still left on the face of the last bottom or top slice of the 
block, the value of the original stress S present before 
slicing was determined by means of Formula 25, hence 
the total relaxed strain e" —by dividing 5 by the modulus 
of elasticity E{= 3 X 10’ psi). These operations also 
are summarized in Table 2. 


T«bl« 4—Tabulation of Raaulta and Praliminary Calcula¬ 
tions for tha Computation of Strast Raliavad by Splitting 
and Slicing tha Longitudinal Block No 1 

Note: e' is used here for e’l or as the case may 



Micro 


de' 

e' - 8'® 


a 

In./In. 

s' - 

da 

(1 — a)* j 

— e' 





J 

'o.8(l — a' 




Top ' 

- -640 


0.5 

- 640 

0 

- 700 

0 

0 

0.6 

- 730 

- 90 

-1300 

- 563 

- 25 

0.7 

- 950 

-310 

-2930 

- 3.440 

- 192 

0.8 

-1300 

-660 

-42<X» 

-16.500 

-1058 

0.85 

-1520 

-880 

-4420 

-39,100 

-2288 



Bottom 

-» -332 


0.5 

-332 

0 

-1-1765 

0 

0 

0.6 

-240 

-H 92 

-H 700 

-1- 575 

+ 28 

0.7 

-200 

-1-132 

0 

+ 1470 

+ 125 

0.8 

-225 

-1-107 

- 450 

+2670 

+327 

0.85 

-250 

-1-82 

- 600 

+3640 

+491 

0 9 

-290 

-i-42 

- 950 

+ 4200 

+688 


(e) Computation of stress relieved by cutting the blocks 
loose from the plate: Using the values of e' and e" as 
given by Tables 1 and 2, the amotmt of longitudinal and 
transverse stress S't and S’t relaxed by cutting the 
blocks loose from the plate was computed by means of 
Formula 5 and summarized in Table 3. These values 
when plotted on top and bottom faces of the block and 
joined by a straight line gave the distribution across the 
thickness of the stress S' relaxed by cutting the block 
loose from the plate. See interrupt^ lines, Fig. 12. 

(/) Computation of stress relieved by splitting and 
slicing the blocks: This computation was made using 
Formula 23 and values of diagrams, Figs. 20 and 21. 
The successive steps of the computation for the longi¬ 
tudinal block No. 1 are shown in Tables 4 and 5. Ihe 
stresses S" computed in this way and corrected for the 
full size of the block, as explained in Section 1, 2, were 
added to the stresses S' represented by the interrupted 
lines, Fig. 12, thus giving the total stress S relaxed 
across the thickness of the block, in the longitudinal and 
transverse directions. See continuous lines, Fig. 12. 


Section H. Determination of Shearing Stresses in the 
Longitudinal emd Transverse L^ectioius 

Theory. —According to the theory of elasticity the 
shearing stress at a given point has the same value 
whether it is directed in the longitudinal or transverse 
direction. Therefore the same s)mbol T may be used 
for both of them. The shearing stress cannot be meas¬ 
ured directly, but it can be easily determined by means 
of the relation 

r = (26) 

where and S, are tensile or compressive stresses meas¬ 
ured in the directions W and V making an angle +45® 
and —45°, respectively, with the longitudinal axis. 
Pig. 19, the positive angle being counted in the counter¬ 
clockwise direction. 

It can easily be shown by means of equations of 
equilibrium applied to a small prismatic element of the 
plate,® that relation 26 is valid for the most general state 
of stress, on the surface as well as in the interior of the 
plate. 

When dealing with the stress situation in butt-welded 


Tabl« 5—Computation of Strass Raliaved by Splitting and Slicing the Longitudinal Block No 1 According to 

Formula 23 and Data of Table 4 


Top 


a 

V,X(l-a)^‘ 

3(1 - a)F 

(6a - 4)e'®, 

(1 

- 

S\ Psi. 

5', Corr.* 

0.5 

V*X 0.6 X (-700) 

0 

• 0 

-1.5 X (-640) 

0.6 

X (-332) 

18,670 

21,800 

0.6 

ViXO.4 X (-1300) 

-2(-90) 

3 X 0.4 X (-26) 

-1 X (-640) 

0.4 

X (-332) 

11,910 

14,000 

0.7 

‘/iXO.3 X (-2930) 

-2(-310) 

3 X 0.3 X (-192) 

-0.5 X (-640) 

0.3 

X (-332) 

6,810 

8,000 

0.8 

‘A X 0.2 X (-4200) 

-2(-660) 

3 X 0.2 X (-1058) 

0 

0.2 

X (-332) 

6,970 

7,030 

0.85 

«A X 0.15 X (-4420) 

-2(-880) 

3 X 0.16 X (-2288) 

+0.26 X (-640) 

0.15 X (-332) 

6,670 

6,670 

1.0 

See Table 2 





--67,600 

-79,600 


V* X (1 - 


Bottom 






a 

-2{e% - 

e'V 

3(1 - a)F 

(5a - 4)«'«» 

(1 

- a)«'®, 

S\ Psi. 

S\ Corr. 

0.6 

ViXO.6 X 1766 

0 

0 

-1.5 X (-332) 

0.6 

X (-640) 

18,570 

21,800 

0.6 

‘A X 0.4 X 700 

-2 X 92 

3 X 0.4 X 28 

-1.0 X (-332) 

0.4 

X (-640) 

1,980 

2,330 

0.7 

‘A X 0.3 X 0 

-2 X 132 

3 X 0.3 X 126 

-0.5 X (-332) 

0.3 

X (-640) 

-6,300 

-6,230 

0.8 

‘A X 0.2 X (-450) 

-2 X 107 

3 X 0.2 X 327 

0 

0.2 

X (-640) 

-5,730 

-6,730 

0.86 

>A X 0.16 X (-600) 

-2 X 82 

3 X 0.16 X 491 

+0.26 X (-332) 

0.16 X (-640) 

-6,000 

-6,880 

0.9 

VjXO.I X (-960) 

-2 X 42 

3 X 0.1 X 688 

+0.60 X (-332) 

0.1 

X (-640) 

-4,680 

-6,500 

1.0 

See Table 2 




-12,000 

-14,100 


• by the factor ‘/i-o-u 
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plateSr it can be assumed on the basis of the principle of 
symmetry that the shearing stress is zero along the axis 
of weld and also along the mid>section of plate per< 
pendicular to the axis of weld. Hence values of T dif¬ 
ferent from zero will be fotmd as a rule only at some 
distance from both the lon^tudinal and transverse axes 
of symmetry of the plate. As will be shown elsewhere, 
the values of T outside of the axes of symmetry are 
needed for the computation of stress in the direction of 
thickness. 


T«bl« 6-^^znputation of Shoaring Stress at Points Distant 
1.S7 In. from ths Longitudinal and Transverse Axes 
of the Weld 


Face 

Block 

Axis 

Strain Relaxed by Re¬ 
moving the Block, 
Micro In./In. 

Shearing Stress, 
Psi.* 

Top 

3 

V 

120 



4 

w 

585 

-i-5360 

Bottom 

3 

V 

190 



4 

w 

-167 

-4000 


* It is easy to see that because of the plane state of stress on the 
surface, the shearing stress may be computed directly from the 
values of strain « « and e\ by means of the following formula in- 
>tead of Formula 26: 

r - C(e« - e,) 

where G “ modulus of elasticity in shear ™ 11.5 X 10^ psi. for steel. 


portion of the plate. Therefore the first term on the 
right side of Equation 27 can be neglected. 

As for the two other terms on the right side, it will be 
observed that the x axis is an axis of symmetry for 5, and 
that T,, is zero along both the x and y axes. 

Therefore, c^ing the value of at the x axis and 
the value of S, at a distance Ayi on either side of the 
axis, we have approximately at the center of weld: 

_ 1 / Syl Swa Syy ‘S'irl\ _ , „ ~ V 

dy» " Ay\ Ay, Ay. ) ~ Ay^- 

Likewise, if r.t»i is the value of T.,, at a distance Axt 
and Ayj from the y and x axis respectively: 

_ 1 - 0 _ 0 - o \ ^ r,trt 

bybx \yt\ Axi Axt / AytAxt 

Hence by substituting in Equation 27: 

Plotting the values written on the right side of Equa¬ 
tion 28 as a function of z, the values of S, are obtained 
through double integration, and the constants of in¬ 
tegration are determined by putting 5. = 0 at the top and 
bottom faces of the plate, as obviously no stress in the 
direction of thickness can exist on these faces. 


Numerical Application .—To obtain values of shear¬ 
ing stresses in the case of the welded plate con^dered, 
wire strain gages 3 and 4 were placed as shown in Fig. 19 
on both faces of the plate. In the layout of gages the 
principle of symmetry was used to obtain values of stress 
S„ and S, at the same point of the plate. The stresses 
S„ and S, were determined, as previously, by cutting 
blocks 1 Vt X V 2 in. loose from the plate and then splitting 
and slicing each of them individually. Using this pro¬ 
cedure it was found that after the blocks had been re¬ 
moved from the plate, the balance of stress still left In 
the block had a negligible value. In order words, only 
the values S'„ and 5', need be considered for the com¬ 
putation of the stresses S„ and hence of the shearing 
stress T. The results of this computation are shown 
in Table 6 . Because of the linear law of variation of 
the stresses S'„ and S', with respect to the thickness, 
the shearing stress T also is a linear function of the thick¬ 
ness. 


Section HI. Determination of Stress (Tension or 
Compression) in the Thickness Direction 

Theory .—Suppose the longitudinal and transverse 
stresses are referred to x and y axes and the stress in the 
direction of thickness to the z axis. Then the following 
relation holds:* 

^ 4- 9 ^ 

62 “ d*- dy* d.rdy 

By reason of symmetry the maximum value of St in 
butt-welded plates can be expected in the center of the 
weld. With this in mind relation 27 may be simplified 
as follows: 

From previous work it may be assumed that the varia¬ 
tion of Sm along the axis of weld is small in the middle 


* 'I'his relation followi from the three fundameaia] differential equations of 
equilibrium,’ if the shearing atresses Ta and Tiy are eliminated through dif- 
(erentialion of these equations with respect to x. y and s, respectively. 





Fig. 22—SucesMive Graphical Integration for the Determina¬ 
tion of the Stress in the Thickness Direction 
A —second derivative of stress; B —first derivative oi stres: 
C—stress in the thickness direction. 
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Tabl* 7"-Computation of Stress in the Thickness Direction 

>— — —Stress. Psi.---—^ 



Transverse Stress 

Shearing 
Stress at 

Stress in 

'I'hiA- 

at Center 

at Distance 

Distance 

Thickness 

ness. 

of Weld, 

Avj •» 0.5 in.. 

A*i - Ayi » 

Direction, 

In. 

s* 

Si 

1.57 In.. T 

5,* 

0 

4,000 

-7.000 

-4000 

0 

0 1 

5.500 

-1-28,000 

-3100 

200 

0.2 

3,500 

-1-4.500 

-2200 

760 

0.3 

-6,000 

-13,500 

-1300 

1400 

0.4 

0 

-16,000 

-300 

1800 

0.6 

6,000 

-2.600 

660 

1700 

0.6 

1.000 

4,500 

1600 

1200 

0.7 

10,000 

9.000 

2500 

800 

0.8 

15,000 

13,000 

3400 

300 

0.9 

0 

12.000 

4400 

0 

1.0 

-46,000 

-29.000 

5000 

0 


* According to Formula 28 and diagrams A. B and C, Pig. 22. 


Numericcd Application .—Table 7 contains values of 
.S»i, 5»o and determined in the welded plate under 
review at the distances Lyu and Axt indicated, for 
v'arious depths below the surface. From these values 
the right side terms of Equation 28 have been com¬ 
puted and plotted as a function of z, diagram A, Fig. 22. 
The subsequent integrations of diagram A furnish dia¬ 
grams B and C. The values of S, are portions of dia¬ 
gram C intercepted by the straight line joining the two 


ends of the latter. These values are given in column 5 
of Table 7. From this table it is apparent that in a 1-in. 
welded plate of mild steel the stresses in the thickness 
direction are small as compared to the longitudinal and 
transverse stresses. In othier words the state of state 
in this plate is very nearly a biaxial one. 
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A New Development 
in Gas Welding 
Aluminum Alloys* 

A LTHOUGH good welds can be produced in alloys 
/% of the aluminum-copper-magnesium (Avion^^ 
1 % and aluminum-magnesium-silicon (Anticorcxial) 
types (2 Vj to 5% Cu, 0.2 to 2.5% Mg, 0.3 to 1.5% Mn, 
0.3 to 1.5% Si), these welds heretofore have had a higher 
silicon content than the base metal. Consequently, in 
the heat-treated condition the welds have inferior 
strength. 

* Translation by Dr. G. B. Clausscn. Research Bngineer, Reid-ATCiy Co., of 
"Une nouveaut4 dans la soudure d'alliagcs d'afuminium,” publuhed in 
Journal dt la Soninrt. 34 (11). 276-277 (November 1944). 


To overcome this difficulty a new invention (Swiss 
Patent 231,935 to Aluminium-Industiie A.-G. Chippis) 
utilizes a filler rod containing 0.1 to 0.5% titanium for 
these alloys. The (^timum composition range is 4-5% 
Cu, 1.2-1.7% Si, 0.3-0.6% Mn, 0.1-O.5% Ti. Maxi¬ 
mum benefit from using this rod requires heat treatment; 
particularly for sections over */i in. thick it is desirable to 
quench from the highest possible temperature and to pro¬ 
long the time at temperature to a day or more. 

The following tests show the advantage of the inven¬ 
tion. Plates V»» V 4 V* ill- thick of Al-Cu-Mg 
(Avional) were V butt welded using flux and an oxy- 
acetylene torch. The filler rod contained 4.5% Cu, 1.5% 
Si, 0.5% Mn, 0.3% Ti, 0.2% Mg. Part of the welded 
specimens were heated for 24 hr. at 510 * 5® C., 
quenched in water, and aged. The remainder were 
heated 48 hr. at 510 * 5® C. in the same way. The 
tensile properties in Table 1 show the advantage of pro¬ 
longing the solution heat treatment. 


Tabl* 1—Tensile Teats of Walds in Aluminum-Copper-Magnaaium Alloy Using Aluminum-Copper-Titanium Rod and 

Prolonged Solution Heat Treatment 


Yield strength (0.2% set), psi. 
Tensile stroigth, psi. 
Elongation, % 


-24-Hr. Solution Heat- 

Treatment 

Vs-In- Plate V**In. Plate 


34,000-37,000 

50,000-^,000 

7-10 


23,000-28,000 

46,000-51,000 

5-8 


Specimens were cut transverse to the weld. 


18-Hr. Solution Heat Treatment-. 

‘/••In- Plate Vt-In. Plate ‘/rin. Plate 


34,000-35.000 

56,000-61,000 

15-20 


33,000-36,000 

56,000-60,000 

10-21 


31,000-36,000 

48,000-56,000 

5-18 
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A Note on the Physical Properties of an 
Austenitic Weld Metal and Its Structural Trans¬ 
formation on Straining* 

By K. Winterton, B.Sc., Ph.D.t 


Synopili 

Mechanical tests at elevated temperatures on composite 18/8 
weld-plate tensile specimens, showed that the tensile strength, yidd 
stren^h and hardness declined with increased testing tempera- 
tiues. The elongation was at a maximum when testing at 250° C. 

The effect of prior heat treatment at 850° C. in causing increased 
tensile strength and decreased yield strength decreased with testing 
temperature and was not apparent above 150° C. Its effect in 
reducing elongation persisted for testing temperatures up to 500° C. 

Microscopic examination showul a breakdown of dendritic 
regions to a light-etching a-constituent, and the formation of lines 
and blocks of a deep-etching a-constituent, probably due to uneven 
straining. After treatment at 860° C. the deep-etching a-con¬ 
stituent was found at the grain boundaries, particularly after test¬ 
ing in the range of 200-400° C. (This reduced the elongation 
values.) 


Introduction 

P revious work,^ of which this is an extension, had 
shown that a short treatment in the range 700- 
975° C. caused a certain embrittlement of austenitic 
(18/8 type) welds, i.e., an increased tensile strength, 
slightly decreased yield strength and much reduced duc¬ 
tility. Low ductility is undesirable since it may cause 
high stresses to be built up across the weld. 

An equivalent heat treatment obtains in raultirun 
welds and it was important to find whether the embrittle¬ 
ment persisted at elevated temperatures, since it is at 
elevated temperatures that failure of welded joints oc¬ 
curs, and weld properties affect the restraint stresses 
built up. 

" Received February 12. 1944, by the British Iron & Steel Institute, 4 
Grosveoor Gardens, London, S.W.l, and reprinted with their permission, 
t Birmingham University, 
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Fig. 1—The Strength of W^d-Metal Test Pieces st Elevated 
Temperatures 



Fig. 2—The Elongation of Weld-Metal Test Pieces at Elevated 
Temperatures 


Testing Method 

The analyses of the materials used were as follows; 


C, Mn, Si, S, P. Ni. Cr. Jdc. 

% % % % % % % ^ 

Plate composition 0.32 0 57 0.22 0.016 0.016 3.38 0.65 0^ 

Electrodeeompo- 0.06 . 0 03 0.03 9.5 20.0 S ' 

sition 

Welddeposit, q q 0 35 0,039 0.021 7.84 (|j-|2\3 % 

composition 26 


Small composite tensile specimens (1.5 in. long x 0.1’ 
in. in diameter), were made from single-run 60° V bun 
welds on the Vs-in. thick alloy steel plate. Specimen.' 
were taken at right angles to the weld, to include a small 
length of weld metal at the center, and two series wen 
tested. 

Series I .—Before cutting specimens, the butt-weldet 
plate was softened at 400° C. This facilitated machining 
without significantly affecting the properties. 

Series 11 .—The butt-welded plate was softened at 400 
C., and the specimens subsequently treated at 850° C 
for 10 min. (A central temperature from the brittk 
range 700-975° C.) 

Testing was carried out in a Hounsfield tensometex 
the spxecimen being held in long steel grips inside a smaf 
electric furnace. The length of weld metal included k 
any specimen varied over the section because of the V 
shape of the weld. The percentage elongation wa.' 
calculated using the narrowest part of the weld as gap 
length, this being 0.2-0.3 in. TTie rate of straining wa.* 
approximately 0.0025 in. per second. 
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Fig. 3—The Vickers Diamond Hardness of Weld Metai Meas¬ 
ured at Room Temperature After Tensile Testing at Elevated 
Temperatures 


Results oi Physiced Testing 

Tensile and yield strength decline with increased test¬ 
ing temperature (Fig. 1), and the elongation shows a 
maximum at 250° C. (Fig. 2). ’ 

The effect of prior ^eatment at 850° C. in causing in¬ 
creased tensile strength persists for testing temperatures 
up to 150° C., and the loss of ductility persists throughout 
the range employed (up to 500° C.). 

Average Vickers diamond hardness values (VDH—10 
kg.m., objective) were taken on the weld metal 

near the fracture, at atmospheric temperature. The 
high hardness after tensile testing (450-500 VDH), 
decreased with the testing temperatme (Fig. 3) to about 
300 VDH at 200° C., thereafter remaining fairly con¬ 
stant. 


Nature and Position oi the Fractiire 

A transcrystalline fracture occurred in the center of the 
weld with two exceptions: 

1. The specimen from Series II tested at atmospheric 
temperature gave an intercrystalline fractme along the 
weld/plate interface. 

2. The specimen from Series 11 tested at 50° C. gave a 
partly intercrystalline fracture which started at the inter¬ 
face and ran through the weld. 

Intercrystalline cracking at or near the interface under 
these conditions has been attributed to the precipitation 
of fine carbides along the interface.^ 

Microscopic Examination of the Strained Austenite 

Each specimen was ground in longitudinal section, 
polished and etched in Kalling's reagent (5 gm. of cupric 
chloride, 100 cc. of ethyl alcohol, 100 cc. of concentrated 
hydrochloric acid, 100 cc. of water). 

In all cases, a light-etching a-constituent had formed in 
the dendritic regions throughout the weld (Fig. 4). This 
constituent increased in depth of etching, both near the 
fracture and with increased tensile testing temperature 
to a maximum value at 400° C. 

A different a-constituent (much deeper etching) was 
also found in blocks (Fig. 5, left), and in a pattern of 
crossed lines (Fig. 5, top right) with specimens from both 
series. This was also found on the grain boundaries of 
si>ecimens from Series II, increasing in quantity with the 
testing temperature to a maximum at 400° C. This 


transformation at the boundaries can be seen in Fig. 5 
(specimen from Series II, tested at 200° C.), and at high 
magnification in Fig. 6. Experiment has shown that 
heat treatment in the range of 200-500° C. on specimens 
previously treated at 850° C. has no effect; and it fol¬ 
lows that straining in this temperature range is necessary 
to produce this transformation at the boundaries. 



t 


i 

Fig. 4 (top)—The o-Constituent Formed in the Dendritic Re¬ 
gions. Etched with Kallin^s Reagent. 600 X 
Fig. 5 (center)—Various Forms of Deep-Etching a-Conatituent. 

Etched with Kalling's Reagent. 60 X 
Fig. 6 (bottom)—The a-Constituent at Grain Boundaries. 
Etch^ with Kalling's Reagent. 2000 X 
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The deep-etching structures may be compared with 
the very faint dendritic a-constituent within the grain 
just discernible at the center of Fig. 5 and shown at 
higher magnification in Fig. 4. 

Discussion of the Resulte 

The two important factors governing the 7 —► a 
breakdown in this steel are as follows: 

1. Steels of this composition are usually far from 
equilibrium, but equilibrium conditions on straining be¬ 
come of importance. For 18/8 steels the a-phase is 
stable below 400® C. and the 7 -phase above 600° C.* 
In the present case specimens reveled a greater tendency 
to remain austenitic when strained at 500° C. 

2. Straining causes an approach to equilibrium condi¬ 
tions, this tendency appearing to increase with increased 
straining temperatures. 

The occurrence of the deep-etching a-constituent in 
the form of blocks and lines is probably due to the uneven 
straining which is characteristic of 18/8 steel. The lines 
are presumably related to the stressing direction, but in 
any event are not connected with the crystal orientation, 
since they do not change their direction across grain 
boundaries. 

Treatment at 850° C. will cause precipitation of car¬ 
bides at the boimdaries, and it is w^ known that where 
such precipitation occurs, there is a predisposing tend¬ 
ency for the 7 —► a change, thought to be due to chro¬ 
mium impoverishment in the vicinity. The presence of 
the a-constituent at the boundaries in specimens from 
Series II in the form of a rigid network accounts for the 
lower ductility found in tins case. As the fracture is 


transcrystalliue in both series for testing temperaturb 
over 150° C., it is to be expected that the boundary 
constituent will not cause much difference in tensik 
strength at the higher temperatures. 

The high final hardness (about 500 V.D.H.) attained 
after testing 18/8 austenitic steel to fracture may be due 
to the considerable lattice strain imposed by a dose ] 
intermixing of the a and 7 lattices, rather than to the: 
retention of carbon in supersaturated solution, for the 
following reasons: 

1. The hardness of martensite increases with the 
percentage of carbon, but Pfeil and Jones* found a 
maximum hardness for 0 . 1 % carbon with strained IS ^ 
austenitic steel. 

2. The hardness falls off with the straining tempera 
ture to about 370 V.D.H. at 150° C. Martensite usualh' 
maintains its hardness in this temperature range. 
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Effects of Mild Preheat on Prepared Surfaces* 

By A. P. Shepard^ 


W HEN the flame of a torch or metal 
spray gun strikes a cold surface, a 
certain amount of moisture forms on the 
surface. This is to be expected, since one 
of the combustion products of all common 
gases Is water vapor, and since some time 
must elapse before even the sldn tempera¬ 
ture rises above the boiling point of water. 

Tests were made to determine (1) how 
this condensate affected the bond of 
sprayed metal deposits, (2) how much 
preheat was requir^ to prevent this con¬ 
densate, and (3) the approximate amount 
of condensate. 

Obeervations 

The attempts made to measure the 
amount of condensate were not conclu¬ 
sive, since the available equipment was 
inadequate for an accurate determina- 
tioD. It was found, however, that ap¬ 
proximately 0.5 gm. of condensate per 
square foot could be produced on a lightly 
blasted steel plate at room temperature, 
with an acetylene torch tising approxi- 

* Reprinted from Jknu«ry>FebruAry 1945 issue. 
"Metco News". 

^ Menege^ Development Deportment, Metal¬ 
lising Eng. Co. loc., Long Island City, N. Y. 


mately 10 c.f.h. acetylene. No doubt 
more could be produced with a hydrogen 
flame, where the entire combustion prod¬ 
uct consists of water vai>or. Surface 
cooled to 20^ F. showed a much greater 
amount of moisture. 

No visible or measurable condensate 
could be produced on surfaces heated to 
160** F. It was found that on the test 
specimens used for the following tensile 
tests, the surface temperature could be 
raised to approximately 200 ° P. by passing 
the flame of the torch across the three test 
pieces for 5 sec. Some of the tests shown 
were duplicated by heating the specimens 
to 200** P. in an oven, with ample soaking 
to assure uniform heat throughout. No 
difference in results from heating by torch 
flame was apparent. 

Procedure 

Six tensile specimens were prepared by 
blasting with a medium grade of aluminum 
oxide abrasive in a suction feed blast 
cabinet. The specimens were passed 
rapidly back and forth across the path of 
the abrasive, at a distance of 7 in. from 
the blast nozzle. A large number of 
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rapid passes were emplojred so that die 
surfaces of all specimens within each group 
would be as nearly alike as possible. Since 
these tests were carried out over a period 
of several days, and the size of the abra¬ 
sive varied, no attempt was made to du¬ 
plicate the surfaces of the different groups 
but only to obtain uniform surfaces on the 
specimens within each group. 

The specimens were numbered 1 through 
6, and in all cases numbers 1, 2 and 3 were 
sprayed without preheating, while num¬ 
bers 4, 5 and 6 were heated by passing as 
acetylene flame rapidly back and forth 
across the surface for 5 sec. The spraying 
was started immediately, before the sur¬ 
face heat could be appreciably dissipated 
into the body of the specimens. 

In all cases, standard pressures were 
used (15 p.s.i. acetylene, 16.5 p.s.i. oxygeo 
and 60 p.s.i. air). The nozzle of the gun 
was kept at 6 in. from the siuface of the 
work, and the spray stream was passed 
back and forth over the work at the rate 
of approximately 1 ft. per second. This 
was continued until the required thickness 
was deposited. The pieces were then 
tested in a tension machine, and the bond 
strength measured. It should be noted 
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RESULTS 



Tttt No. 

Bond Sirongih 

Pounds Per Square Inch 


1 

2230 




2 

2100 

Averoge 2230 p s.i. 

Nei Preheated 

GSOUa 1 

3 

2420 



COPPEt 

4 

2740 




5 

2840 

Average 2820 p.i.i. 

Preheoted 


* , 

2840 




1 1 

tl80 




2 

... * 

Average 1230 p.s.i. 

Not Preheated 

CtOUP 2 

3 

1280 



ALUMINUM 

4 

2100 




3 

2100 

Average 2120 p s.i. 

Preheoted 


6 

2140 




1 

2140 




2 

2080 

Average 2110 p.s.i. 

Not Preheated 

CBOUP 3 1 

3 

2080 



SPBABRONZE P 

4 

2340 




3 

2480 

Avu.uge 2400 p.t.!. 

Preheoled 


6 

2340 




1 

3230 




2 

3740 

Avetoge J460 p.i.i. 

Not Preheoted 

CROUP 4 

3 

3440 



SPRASTEEl 80 

4 

3820 




3 

3820 

1 Average 3780 p.s.i. 

Preheoted 


6 

3700 

1 



t 

2340 




2 

2440 

Averoge 2410 p.s.i. 

Not Preheated 

CROUP 3 

3 

2420 



M6TCOIOT -1 


2470 



(>fl *1 

3 

2420 

Averogc 2405 p.s.i. 

Prehedted 


4 

2730 




* MisAligned in press. 

that these specimens were blasted with a 
light abrasive, and the bonds obtained 
were not representative of the bonds pos¬ 
sible by other methods of preparation. 
Two metals—namely, zinc and Spra- 
bronze T—did not conform to the general 
pattern shown by the other five metals 
tested. The bond strength of zinc was 
unaffected by preheating, and that of 
Sprabronze T was adversely affected. Re¬ 
peated tests showed a 10 to 15% reduction 
in bond strength in the case of the Spra¬ 


bronze T. No explanation is apparent; 
possibly further work will throw some 
light on this apparent discrepancy. 

Conclusions 

1. After running tension tests on these 
specimens, it was noted that a large ntun- 
ber of small particles of sprayed metal 
adhered to the base on those which were 
not preheated. This was particularly 
noticeable in the case of the lower melting 


point metals, i.e., the bronze, copper and 
aluminum. Since in most cases the bond 
was weaker on the unheated specimens, it 
is apparent that the condensate adversely 
affects the cohesiveness of the particles 
of the initial deposit, as well as the adhe¬ 
sion to the base. The total area covered 
by these remaining particles was in all 
cas^ less than 10% of the area of the sur¬ 
face, so it is also'evident that the adhesion 
to the base was weakened by the conden¬ 
sate. 

2. The advantages of preheating are 
not as pronounced in the case of the high 
melting point metals. 

3. The advantages of preheating are 
probably much greater on lightly blasted 
surfaces. On surfaces prepared by Fuse- 
Bonding, rough threading or the grooving 
method, the order of magnitude of the 
keys and dovetails is greater than the 
thickness of the coating likely to be 
affected by condensate. 

4. Parts which will not withstand the 
distortion caused by blasting with coarse 
abrasives may, in many cases, be blasted 
with light abrasives and preheated. Fte- 
quently the increased blasting speed of 
the finer abrasives may be utilized to re¬ 
duce costs, if heating facilities are avail¬ 
able. 

5. Coatings on very large pieces, which 
do not heat up appreciably during spray¬ 
ing, may be weakened throughout by con¬ 
densate. This is more likely to occur in 
cold, damp locations. If the humidity is 
high, the moisture on the surface will tend 
to catch and retain fine metal dust and 
oxides which normally would be blown 
away, and to incorporate such dusts and 
oxides in the coating. Large sections, 
which remain cold during spraying, do not 
as a rule take as fine a finish when ma¬ 
chined as do smaller pieces. This may be 
due in a large part to the condensation of 
water vapor on the surface. 

Further tests are contemplated with 
various other metals and the results will 
be reported when available. 


Tests of Gas-Welded 
Boiler Plate* 

By M. Ros 


T he Acetylene Society of Switzerland conducted a 
detailed test of two oxyacetylene welds at the 
Swiss Federal Bureau of Testing Materials. One 
of the welds was made in plate 0.63 in. thick, the other in 
plate 0,95 in. thick. The welds were 19 in. long, Fig. 1, 
The mechanical properties of the plates before welding 
are shown in Table 1. The welds were 60° V with Vn- 
in. root opening made in the flat position using right-hand 
welding, 50 psi. oxygen pressure, and a neutral flame. 

* Tnnslation by Dr. G. B. Clatusen, Research Engr., Reid-Avery Co., of 
"Rechercbes sur des tdles de cbaudlere <paisses, soud4es & l’autog6ne.’’ JhI. de 
la Soudure, 34, (9), 215-225 (September 1944). 


After the V was filled, the root was gouged with a special 
torch and welded from the reverse side. Upon comple¬ 
tion of all welding, the welds were torch normalized at a 
red heat. The welding rods were Va to Vt in. in diameter 



Fig. 1—Arrangement of Specimens Cut from Test Welds 
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and contained 0.15 C, 0.25 Si, 0.02 P, 0.01 S, 0.74 Mn, 
0.64 Cr, 0.17 Ni, 0.45 Mo, 0.05 Cu. 

The test results are summarized in Tables 2 to 7. 
Macro-examination showed no defects in the weld in the 
thin plate, and only a small slag inclusion at the root of 
the reverse weld in the thick plate. The microstructurc 


Tabl* 1—Mechanical Properties of Plates Normalized at 
9^^ C. ^fore Welding 



0.63-In. Plate 

0.95-In. Plate 

Yield point, psi. 

35,700 

39.200 

Tensile strength, psi. 

57,500 

59.000 

Elongation, % 

37.7 

37.7 

Reduction of area, % 

60 

65 

Notch impact value, mkg./cm.* 

16.2 

21.6 

Brinell hardness 

118 

120 


Table 2—'All-Weld-Metal Static Tension Test (Thin Plate) 


Proportional limit (0.05% permanent elongation), psi.26,600 

Yield strength (2% permanent elongation), psi.35,200 

Tensile strength, psi. 69,000 

Modulus of elasticity, psi.27,5()0,0(X) 

Elongation in 1.60 in., %.13.7 

Reduction of area, %.38 


The tensile specimen was 0.32 in. diameter. After test, the 
machined surface of the specimen showed some fine cracks, while 
the fibrous surface of fracture showed some bright, fine-grained 
area. 


Table 3—Reduced Section Tensile Tests 

0.63-In. Plate 0.95-In. Plate 
Tensile strength, psi. 58,000 65,000 

Location of fracture Outside the weld At junction of 

weld with 
plate 

The specimens were l*/ie in. wide. 


Table 4—Tension Fatigue Tests 

Reduced Section Specimen (weld not machined, l*/ie in. wide) of 
weld in thin plate: withstood 900,600 cycles at a lower stress of 
1140 psi., upper stress of 23,000 psi. Fracture occurred at junc¬ 
tion of plate with weld. Estimated endurance limit = 21,000 
psi. 

Reduced Section Specimen (weld not machined, IVii iu. wide) of 
weld in thick plate: withstood 1,000,000 cycles at the above 
stresses, then fractured at a defect in the weld after a further 
437,300 cycles at an upper stress of 25,500 psi., lower stress of 
1140 psi. Estimated endurance limit = 23,000 psi. 

All-wcld-metal Specimen (0.33 in. diameter, 172-175 Vickers 
Brinell) of weld in thick plate; #'ithstood 312,100 cycles (lower 
.stress = 1,280 psi., upper stress = 35,700 psi.) before fracturing 
at defects in the weld. Estimated endurance limit = 34,000 psi. 


f 



Fig. 2—Location of Vickers Hardness Impressions on Macro 
Specimen (see Table 7) 


of weld metal and heat-affected zone in both weldec 
joints consisted of ferrite and pearlite with some fine 
nonmetallic inclusions, particularly in the weld metal U 
the thick sample. All in all, the tests showed that torch 
annealing was completely effective. 


Table &—Face and Root Bend Testa 

Specimen 1. Thin plate, face bend; 180° bend, ends of specimet 
touching each other; a crack just bepnning to 
appear at the function of weld with plate. 

Specimen 2. Thin plate, root bend: 180° bend, ends of speciinc: 
touching each other, no cracks. 

Specimen 3. Thick plate, face bend: 93° bend (average radius« 
curvature of bend IV 4 in- Bend coefficient = 
50 X thickness/radius of curvature = 27. Cracb 
occurred at junction of plate with weld. 

Specimen 4. Thick plate, root bend: 180° bend, ends of specime:: 

touching each other; a crack just beginning I' 
appear at the junction of weld with plate. 

The bend specimens were 1 in. wide. 


Table 7—Vickers Hardness Surveys (see Fig. 2} 


Location of Impression, 

V'ickers Hardness, Skg. Load 

Fig. 2 

Thin Plate 

Thick Plate 

1 

161 

140 

2 

182 

144 

3 

177 

144 

4 

136 

148 

5 

151 

147 

6 

146 

168 

7 

145 

134 

8 

155 

131 

9 

145 

129 

10 

112 

107 

11 

no 

125 

12 

112 

137 

13 

106 

130 

14 

107 

137 

15 

111 

130 

16 

111 

132 

17 

108 

131 

18 

107 

117 

19 

98.4 

119 

20 

105 

118 


Table 5-—Notch Impact Tests 

«“-Location of Notch (see Fig. 1)- 

Center of Weld Fusion Line Heat-affected Zone 

Thin plate, as torch normalized 11.2 rakg./cm.* (27°) 22.9 mkg./cm.* (118°) 23.6 mkg./cra.*'1^' 

Thin plate, specimen normalized again at 900° C. 10.4 mkg./cm.* (28°) 21.7 mkg./cm.* (120°) 24.0 mkg./cm.* (l^*' 

Thick plate, as torch normalized 11.3 mkg./cm.* (24°) 8,6 mkg./cm.* (17°) 12.8 mkg./cm.* (2S' 

Thick plate, specimen normalized again at 900° C. 9.0 mkg./cm.* (28°) 14.5 mkg./cm.* (30°) 12.5 nikg,, cm.* (2^'‘ 

SiKfiniens were 10 mm. sciuare, with notch 2 mm. wide. 2.5 mm, deep, 1 mm. radius; span = 40 mm. Notches were cut at fai^ ■ 
weld. Figures in parentheses are angles of bend of the luttch impact specimens, 'J'otal energy of pendulum — 15 mkg. 
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The Weld Stress Problem* 


T he weld stress problem may be divided into two 
parts. The first relates to transient conditions 
prevailing dining welding and subsequent cooling 
to ambient temperature and the second part relates to 
conditions existing after the weld has cooled down to 
ambient temperature. 

Stresses develop in a weld and welded structure when 
the dimensional changes in heating and cooling cannot 
take place freely. 

These changes are: 

1. Thermal expansion and contraction in three 
dimensions of the base metal and weld. 

2. Dimensional changes of a metallurgical nature 
such as the expansion associated with the trans¬ 
formation of austenite to martensite. 

The stresses caused by the restraint of these dimen¬ 
sional changes are of two types. 

Residual Stresses are the result of shrinkage of metal 
on cooling, metallurgical changes, or plastic deforma¬ 
tion at elevated temperatures of adjacent sections of the 
weld and.base metal. They occur in all three dimensions 
with both free and restrained base metal and may be re¬ 
garded as being due to restraint of the movement of 
one part of the base metal or weld by other parts. 

faction Stresses result from external restraint of free 
movement external to the assembly under considera¬ 
tion. For example, a tensile stress will develop across a 
butt-weld during cooling, if the normal thermal ex¬ 
pansion and contraction are prevented by external trans¬ 
verse restraint. 

From the very outset, therefore, it can be seen that 
the problems connected with weldability and welding 
stresses are scientifically inseparable and that any sepa¬ 
ration from the point of view of research administration 
or otherwise must be of an arbitrary character. How¬ 
ever, the problem is so broad and complex that it does ap¬ 
pear desirable to make an arbitrary serration. One such 
separatioij is therefore suggested on the basis of con¬ 
sidering the weldability problems as related to the prepa¬ 
ration for welding, ^e welding operations and the 
subsequent cooling to ambient temperature. The weld 
stress problem relates to what is left after this cooling takes 
place. Of course there are border-line cases as, for ex¬ 
ample, cracking on cooling from summer to winter tem¬ 
peratures extending over a period of several months 
and cracking which for no apparent reason takes place 


* Prepared and edited b; a group of members of W.R.C. including C. A. 
Adams. H. C. Boardman, R. H. Cunningham, G. B. Doan, W. F. Hess, A. B. 
Einzel, C. E. Jackson, Cbas. Jennings, A. Nadai, D. Rosenthal, W. L. War¬ 
ner, and W. Spniragen, Editor. 


several days after the welding. Since this is an arbi¬ 
trary rather than a scientific division there is no par¬ 
ticular reason for immediately resolving these border-line 
cases. 

The Weldability Problem 

Inasmuch as the major consideration of the weld stress 
problem is concerned with the analyses of the conditions 
of stress existing after the welded joint has cooled to 
ambient temperature the primary causes of the weld 
stress problem will only be outUned sketchily. 

One of the major problems in weldability is to develop 
a welding procedure and technique which will result in 
suitable cooling rates for the base metal next to the 
weld. This procedure and technique is a function of the 
composition of the base material, its geometry, initial 
temperature, surrounding temperature and rate of heat 
input. Studies of all these factors have been made and 
reported. There are corresponding factors related to the 
weld metal, and in both the conditions of restraint are of 
paramount importance. It is necessary, therefore, to 
study other factors such as character or composition of 
the weld deposit, rate of volume deposit, factors affecting 
the quality of the weld deposit and, above all, the condi¬ 
tions of local and general restraint. For example, the 
first layer of a fillet weld deposit from one type of elec¬ 
trode may crack on cooling whereas that of another 
type may not. However, cracking with the first type 
may be avoided by making provision for contraction by 
a slight separation of the edges. G«ieral restraint can 
cause cracking on cooling in the weld, in the base metal 
adjacent to the weld or in parts of the structure remote 
from the welded joint. 

The higher the rate of cooling, the higher will be the 
residual stresses. 

. A high rate of cooling means a steep linear temperature 
gradient which in turn means a steep linear stress gradi¬ 
ent at the end of the cooling period. 

If the resulting shrinkage were under rigid restraint 
in all three axes, it is obvious that the metal would either 
crack or leave some kind of a shrinkage cavity. Even in 
the case of a normal weld where the restraint is not per¬ 
fectly rigid, and is only of a biaxial nature, such cracks 
do actu^y occur. 

Nearly every fusion weld on heating and cooling must 
plasticaUy flow. If the condition of restraint is sufficient 
to cause the shrinkage stress in the particular volume 
and type of weld metal to exceed the fracture strength 
before the metal can- flow plastically as it cools, the weld 
metal will crack. Now as part of ^e arbitrarily defined 
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weldability problems, the welding engineer has learned 
how to deal with these conditions of restraint. A few 
of the common devices are preheating of parts, thermal 
stress relieving t^e entire structure b^ore it cools, 
changing the volume or character of the deposited metal 
such as by the use of austenitic electrodes, peening, 
wandering sequence, step back methods of welding, 
small electrodes, block welding and a host of other de¬ 
vices. All of these matters have not been explored to the 
fullest extent but this report is only intended to cover 
this portion sketchily, the Object being to arrive on cooling 
to ambient temperature, with a crack-free structure. Un¬ 
fortunately, however, in spite of all precautions the 
structure may not be crack free although it may appear 
to be so. Therefore hidden cracks must be considered in 
analyzing the problem. 

Cracking probably is the most potentially dangerous 
and certainly the most alarming defect in a weldment. 
Cracks may occur in the heat-affected zone of the base 
metal or in the deposited metal proper. Cracking in 
weld metal during cooling under restraint is produced 
because plastic flow is inhibited thus causing the shrink¬ 
age stress to exceed fracture strength of the metal. Base 
metal cracks probably occur at comparatively low tem¬ 
peratures. Weld metal cracks may occur at either high 
or low temperatures. The ability of the base metal to 
flow plastically is decreased by restraint and also by 
hardening due to the heat effect of the welding. In order 
to avoid base metal cracking, steel for welding should be 
so selected that the loss of ductility due to the heat effect 
still leaves adequate toughness (streng^, and ductility) 
to permit plastic deformation sufficient to prevent crack¬ 
ing during the welding cycle. Means for so doing have 
been set forth in the Guide Book to Weldability. A more 
direct test of heat-affected zone ductility known as the 
notch bead test and described by the Naval Research 
Laboratories, also serves the purpose, provided heating 
and cooling conditions have been adequately matched to 
the intended application. The theory is well set forth in 
the recent work at Rensselaer. These investigations 
omit consideration of the effect of hydrogen from elec¬ 
trode coating when welding hardenable steels. This 
effect will aggravate any loss of ductility. 

Cases may arise wherein the toughness (strength, 
and ductility) of the base metal without any reduction 
due to heat effect is inadequate to the purpose. Usually 
such steels are rejected on other grounds but this is not 
necessarily the case. If plain carbon steels are involved, 
a bend test in addition to the tensile test is generally 
sufficient for assurance on this score. No general state¬ 
ments can be made which invariably apply in specific 
cases with respect to types of steel which may or may 
not be suitable. Broadly, however, plain low-carbon, 
and low-carbon low-alloy steels will be suitable. 

As aforementioned, one of the important factors in 
cracking is restraint produced primarily by the geometry 
of the weldment and the dimensional changes tending to 
be induced by the heating and cooling of welding. This 
factor is generally summed up in the term “residual in¬ 
ternal tensions.’’ Such restraint may be reduced to a 
minimum by changing the design of the weldment, by 
changing the speed of welding, that is, the heating and 
cooling conditions, by applying preheat and by removing 
internal tensions by the application of compression forces 
as in peening. The prop^ies of the deposited metal 
both at elevated and room temperatures are direct fac¬ 
tors in the cracking. The relative transformation tem¬ 
perature ranges of deposited metal and base metal may 
also be important. Moreover, the presence or absence of 
various types of slag covers during and after welding 
and the heat conductivity of the deposited metal are like¬ 
wise factors. Obviously, the temperature limits of the 


melting range of the deposited metal are important 
of the above has been taken into account in a practice 
test for reaction to restraint developed at Lehigh anc 
to be described publicly after release by the Military 
but available now to proper individuals on request 
The study of many of the individual factors remains to 
be done. 

Magnetic powder testing and X-ray testing are gener¬ 
ally accepted means for detecting cracks. Each of these 
has its limitations. Sonic and supersonic methods have 
been used on a limited scale and will bear further in¬ 
vestigation. There is a lack of nondestructive methods 
for complete detection of weld cracks. 

The above brief discussion should suggest many fieli 
of investigation with respect to cracking in base and weld 
metal. A few of the more obvious and more important 
are herewith listed. 

1. Correlation of cracking tendency and bend tests 

of plain carbon steel (Ship plate). 

2. Correlation of plate thiclmess with cracking 

tendency. 

3. Effect of different'plate thickness in a single weld¬ 

ment on cracking tendency. 

4. Effect of welding procedure on cracking tendency. 

5. Effect of peening on cracking tendency and 

quantitative measure of peening. 

6 . Relation of electrode coating to cracking tend¬ 

ency. 

7. Properties of deposited metal at various tempera¬ 

tures. 

8 . Relation of solidification temperature, both range 

and level, to cracking tendency. 

9. Application of sonics and supersonics to non¬ 

destructive testing of weldments. 

There also follows a partial list of some of the problems 
relating to Weldability. 

1. Weldability of rimmed, semikUled, fully killed 

and Bessemer steels, including effect of rolling 
direction. (The direction of rolling is especially 

important with 0.06 to 0.11 phosphorus and 
nitrogen 0.015-raax.). 

2. Effect of strain aging on weldability. 

3. The • role of hy^ogen and other gases in base 

metal and weld metal cracking; the quantita¬ 
tive measure of its effect and the remedies re¬ 
quired. 

4. Dilatometric measurements at .cooling rates 

COTresponding to those resulting from a giN'en 
welding procedure. 

5. Effect of straining and heat treatment prior to 

welding on cracking both during welding and in 
service. 

6 . Determination of the minimum ductility present 

in structures which have successfully with¬ 
stood various types of service after welding. 

7. A study of average heats as to variations in weld¬ 

ability and to the feasibility of establishing 
‘ ‘weldability bands’ ’ for a list of important steel 
types 

8 . Porosity, segregations and laminations in steels. 

9. The change in ductility with time after welding 

particularly in the case of box girdere or some 
more complicated structure than the nick- 
bend test specimen. 

10. Effect of the temperature of test including the 

effects of welding on the transition tempera¬ 
ture of the steel and reason for the change 
from ductile to cleavage type of failure. 

11. The method of propagation of cracks. 
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The Weld Stress Problem 

Let it be assumed temporarily that a welded structure 
is crack free on cooling. Experience has indicated that 
this structure presents a variety of problems singly or in 
combination. It is difficult to assign to them an order 
of importance. Each will be mentioned in some detail 
■with an analysis of how much about it is known and un¬ 
known. 

Stress Raisers 

In nonwelded structures the stress raisers are partly 
due to geometry and partly due to residual stresses pro¬ 
duced by fabrication (cold forming, shrink fitting, etc.). 
In weld^ structures there are several stress raisers not 
found in riveted structures as listed below. Most of 
them also are due to geometry and residual stresses inci¬ 
dent to fabrication but some are due to metallurgical 
changes. 

(а) Cracks, not readily detectable, which take place 

during the cooling of the weld zone. 

(б) Slag inclusions, porosity, or gas pockets. 

(c) Incomplete penetration where metal runs down 
in the bottom of a groove and -is not hot enough 
to fuse the scarf face^. 

{d) Undercutting along the edge of the last layers. 

(c) Excessive reinforcement rising too abruptly 
from the plate at the edge of the last layers, 
overlaps, or a fillet weld which is too convex 
outward with a sharp re-entrant notch where it 
joins the two plates. 

(/) Metallurgical stress raisers due to abrupt changes 
in specific volumes, as between the unaffected 
base metal and the hard martensitic structtire 
of the affected zone, usually just outside the 
bond. 

Items (a) to (e), inclusive, can be eliminated by what' 
we shall refer to as perfect or substantially perfect weld¬ 
ing. Although such perfect welding is w^ above the 
average it is substantially attained in connection with a 
few types of critical structures such as boilers and un¬ 
fired pressure vessels for which radiographic inspection 
is prescribed and consequently the welding operators 
are held up to a high standard of workmanship by the 
knowledge that any lapse will be detected. Even then 
unacceptable defects are occasionally disclosed, chipped 
out, rewelded and reradiographed. The resulting im¬ 
provements in technique have gradually cut the percent¬ 
age of such defects. 

If, in addition to being welded almost perfectly, the 
completed structure is thermally stress relieved, residual 
stresses can be substantially diminated and probably 
item (/) since, although the change in microstructure at 
the stress-relieving temperature is relatively small, it 
seems likely that the original abrupt transition is con¬ 
siderably moderated. The only experimental evidence 
we have on this score is that of hardness explorations. 
On the other hand, there is no definite evidence as yet 
that item (/) has been responsible for failures. 

Faulty design or imperfect workmanship is generally 
the cause of the most serious geometric stress raisers. 
Sharp comers can usually be made roimded. Excessive 
reinforcement of openings without a gradual tapering of 
cross section is another prevalent cause of trouble. 
Stress raisers due to defective workmanship are not al¬ 
ways detected. Undetected shrinkage cracks have al¬ 
ready been referred to in the section on Weldability. 
Cracks due to incomplete fusion, undercutting, and im¬ 
proper shearing or gas-cutting practices are unfortu¬ 
nately sometimes ignored. The stress intensity at the 
end of a small sharp crack may be many times the gen¬ 


eral stress intensity in neighboring parts. Small wonder 
then that every expert considers these stress concentrat¬ 
ors as the foc^ points of practically all of the trouble. 
After cracks start to lengthen, the resultant reduced 
cross section and increased concentration at the ends of 
the crack usually make matters progressively worse. 
Moreover, cracks may be propagated by reaction stresses. 
As will be seen later, the high notch sensitivity of some 
steels at cold temperatures when plastic flow is restrained 
greatly increases the chances of failure. 

So much has been written about the necessity of avoid¬ 
ing notches in design that it is redundant to dwell at any 
great length on this feature. However, it should be 
pointed out that the combination of sharp notches, low 
temperatures and high notch sensitivity is an invitation 
to disaster. 

Metallurgically different zones are generally not as 
important in Static tests as are geometrical notches but 
under dynamic tests such fis impact and fatigue they 
may be of considerable import^ce. Thermal stress 
relief generally lowers peaks of hardness and some 
authorities believe that the importance of this ironing 
out of the metallurgical differences is equal to or greater 
than that of lowering the residual stress. However, a 
considerable amount of research has established methods 
for securing suitable welding cooling rates for a given 
geometry and type of steel. Unfortimately some cracks 
may occur which are undetected by the usual inspection 
methods and are sometimes a source of real trouble. 
Some experts have stated that if only a welded joint were 
perfect and fairly well designed as far as stress concen¬ 
trators were concerned there would be no reason to worry 
about the other factors. Other experts have stated that 
if the structure is stress relieved, made of steel notch- 
tough at low temperatures and has some degree of flexi¬ 
bility there is no cause for worry. 

There is still a lot to be learned about stress concen¬ 
trators especially at the ends of small cracks. For ex¬ 
ample, “how does progression of a small crack take 
place?” A few quantitative determinations of the stress 
concentration factors in connection with common faults 
in design and workmanship would be of great educa¬ 
tional value. 

QuaUly of Steel 

The Welding Engineer knows how to handle a particu¬ 
lar situation depending on ordinary chemistry deter¬ 
minations. Yet there are vast differences in steels ob¬ 
tained under the same sJ)ecifications such as A.S.T.M. A7 
and A70. 

For example, for low-temperature work a number of 
experts have agreed that notch sensitivity is dependent 
on deoxidation practice. The steel maker knows how to 
produce steel for this class of service but in recent cases 
has demanded a substantial cost extra. 

In most low-alloy steels a quenching and tempering 
treatment changes the character of a low-alloy steel 
under low-temperature impact from a brittle steel to one 
of extreme toughness. 

Different ferritic steels and microstructures may show 
like ft.-lb. notch-bar values and tough fractures at room 
temperature but as the testing temperature is progres¬ 
sively decreased, some steels show abrupt drops in the 
temperature—ft.-lb. curves and the appearance of 
brittle, instead of tough fractures. This drop usually 
occurs in separate specimens over a range of tempera¬ 
ture and some of the fractures within this range are 
brittle and some are tough. 

The notch sensitivity of the plate material does not 
evaluate the notch sensitivity of the structure in the 
heat-affected zone. In most welding steels, the transi¬ 
tion temperature of the heat-affected zone is higher than 
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that for the plate material. The effect of melting prac¬ 
tice as it is related to grain size in the heat-affected zone 
may be controlled by deoxidation practice, although 
satisfactory notch sensitivity in the plate material does 
not necessarily indicate satisfactory heat-affected zone 
notch sensitivity. • This same comment can be made with 
regard to the quenched and tempered steels. In general, 
wdding does not improve notch sensitivity and-the notch 
sensitivity of the heat affected zone thus becomes the 
lower limit for the welded specimen. 

Low Temperature 

At low temperatures the plastic flow properties of 
steel change decidedly and are generally inhibited. 
Yield point and ultimate strength generally rise and 
usually the fatigue properties as measured by an in¬ 
crease in endurance limit are also improved. The im¬ 
pact properties, however, for some steels fall off abruptly 
from 32® F. or even higher. • For example, one side of a 
ship or storage tank in the sun while the other side or 
another part is in the water or in the shade at low tem¬ 
perature very often is a potential source of trouble due 
to residual stresses caused by rigidity of structure, and 
the variation in properties of the same steel at different 
temperatiu-es. All that is required is an impact blow to 
set off the charge. It is possible that the stresses due to 
loading or other factors such as decrease in temperature, 
may increase to such an extent as to cause a cleavage 
type of fracture without impact loading. There is need 
to know the intensity of residual stresses in a plate 
caused by wide differences in temperature over short 
distances and the magnitude of the deformation to cause 
fracture. 

When some ferritic materials are required to deform at 
low temperatures under conditions of restraint against 
deformation, as in the presence of a notch, or when a 
load is applied to them with extreme rapidity, they show 
extreme brittleness. Without the notch or the impact 
load they are tough at low winter temperatures. 

There is definite evidence that final failure of some of 
the.bridges in Europe came about through extension in 
cold weather of cracks resulting from welding operations. 
It has been established that for a given steel the change 
from tough to brittle behavior is a function of sharpness of 
notch, rate of applied loading and temperature and the 
importance of each factor may be quantitatively evalu¬ 
ated for critical conditions. 

Strain Aging 

Metallurgical studies indicate that certain steels are 
susceptible to a phenomenon known as strain aging. 
If these steels are strained plastically and then allowed 
to age for a few weeks at ordinary temperatures (70 to 
80® F.) they lose part of their ductihty and devdop a 
very high notch sensitivity. Furthermore, steels that 
are susceptible to strain aging generally have their notch 
sensitivity greatly increased by moderately low tempera¬ 
tures (32® F.). It has also been determined that the 
phenomenon known as strain aging can be accelerated by 
heating the steel, 2 hr. at 212° F. being equivalent to 
several weeks at 70® F. 

The problem of the strain aging of steel may be di¬ 
vided into two parts. One is a problem in metallurgy 
and the other is a problem in mechanical strength. 
Metallurgical studies are needed to determine the char¬ 
acteristics such as composition, microstructure, methods 
of manufacture and thermal and mechanical treatments, 
which affect the susceptibility of steels to strain aging. 
Physical tests are needed to determine the effect of strain 
aging upon the behavior in service of structural mem¬ 
bers. 


Rigidity of Structure j 

Plasticity experts will probably wish to define tin j 
problem as the behavior of metals imder three-dime: i 
sional constraint. Unfortunately from the weldk' 
viewpoint the problem is not so simple. Welding give.- 
a continuous structure with joints that cannot slip in ih- 
same manner as a riveted structure. Moreover, th 
crack-stopping tendencies of a riveted joint are 
available in the usual welded joint. But the propertie 
of the metal are not identical in each and ever)’ pin 
of the welded structure. Moreover, stress concentiatiorj 
are almost unavoidable. There is also the added proi> 
lem of reaction stresses assisting the load stresses in ibe 
propagation of cracks. 

The failure of materials imder compound stress condi¬ 
tions is, of course, a very complicated subject. How¬ 
ever, all the evidence available indicates: that thee 
are two main types of failure, shear and cohesive (de¬ 
fined as a true tensile failure due to overcoming cohesir? 
bonds); that the imminence of shear failure depends pria- 
cipally upon the relation between the maximum 
stress present and a fundamental physical property of the 
material which might be called its shear strength; ari 
that the imminopce of cohesive failure depends prin 
cipally on the rdation between the m axim um te^o: 
stress present and a fundamental physical property vi 
the material which might be called its cohesive strengtii 

Other characteristics of the stress condition beside 
the maximum shear stress and the ma ximum tensile 
stress undoubtedly have some effect; for instance, tbe 
third principal sUess may have a m aximum effect uj 
15% or so on shear failure, and there is evidence tha:: 
the normal stress on the surface on which shear failure i: I 
occurring has an influence on whether the failure is pla^! 
tic or brittle. The above remarks apply particularly tc' 
failure under static load, but it is probable that maximum 
.shear and tensile stresses are also of major importance r 
connection with fatigue, shock and creep failures. 

In pure applied tension, there is a fixed ratio of 21 
between the maximum tensile stress present and tl3: 
maximum shear stress present. A conventionally “due 
tile” material is simply one having at room temperatun 
a larger ratio than 1:1 between its cohesive and sber 
strengths, so that it fails by shear when tensDe and 
shearing stresses are equal, while a conventionally 
“brittle” material is simply one having at room tempers 
ture a smaller ratio than 1:1 between its cohesive and 
shear strengths, so that it fails cohesively when tensft 
and shearing stresses are equal. 

“Ductile” and “brittle” behavior should not be con 
sidered as inherent properties of any given material 
Examples could be cited of conditions under which cast 
iron or rocks may be made to behave in a “ductile 
manner and, conversely, the most ductile steel may t* 
made to behave in a “brittle” manner depending on the 
way in which it is stressed. 

^me suggested researches are indicated in the follow¬ 
ing questions: 

1. How much will a steel of known conventional!" 

determined physical properties at differer- 
temperatures—strength, jdeld point, ductility^ 
strain agjng, etc.—deform plastically under af 
conditions of active or passive constraint an^ 
speed, intensity and cycles of loading? 

2. How much ability to yield plastically under 

states of bi- or triaxial stresses is necessary lo 
assure satisfactory performance in various sen" 
ices of different types of welded engineerin: 
structures? 

3. What is the basis for determining the proper ttt 

pressure for a welded pressure vessel which is do! 
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thermally stress relieved? Should it be tested 
to the maximtun working pressure only or to 
some higher pressure? If higher, how much, 
and why? Should it be hammer tested ? 

4. In many structures the junction lines of adjoining 

parts are so-called lines of discontinuity at each 
of which the normal stress pattern of one part 
is deformed to meet the distorted normal stress 
pattern of the other part. At such places plastic 
yielding under the first load application is com¬ 
mon. For example, the metal near the jimc- 
tion circle of the knuckle and crown of a con¬ 
ventional basket (dished or tori-spherical) pres¬ 
sure vessel head frequently deforms plastically 
under the prescribed hydrostatic test.. Do the 
plasticians think that such straining may be con¬ 
sidered as the final fabricating operation just as 
truly as though it were done in a press? 

Another example is that of a conical head 
directly joined to the cylindrical shell of a pres¬ 
sure ves^. Depending upon the apjex angle, 
and the ratio of thickness to shell radius, there 
may be much or little plastic deformation under 
the hydrostatic pressure test. If the test is 
twice the maximum working pressure, and the 
vessel withstands it although with great accom¬ 
panying deformation, is the vessel safe for serv¬ 
ice? 

5. What is the plastic and elastic interaction between 

base and weld metals having different mechani¬ 
cal characteristics, 3 deld point, ultimate tensile 
strength and elongation under various external 
loadings? 

Residual Stresses 

A great deal of time and money has been spent measur¬ 
ing residual stresses. Where stresses have been aver¬ 
aged over an appreciable distance they are of yield point 
magnitude. However, the technique of stress measure¬ 
ment has not been perfected to a degree such that we 
can with reasonable certainty ascertain the maximum 
stress intensity when the stress gradient is steep. More¬ 
over, we know that by continuous plastic deformation we 
can make the yield-point stresses approach the ultimate 
strength, even in uniaxial tension. Measiu-ements of 
residuals under various stages of triaxiality have not 
as yet been made. Weldability investigations have 
shown that if the constraint is too great for the par¬ 
ticular volume of welded metal and adjacent base metal 
to flow, cracking will result on cooling. Many investi¬ 
gations have been made as to what happens to residual 
stresses in service. Experimentally it has not yet been 
shown in the laboratory that these residuals cause a 
structure to behave a great deal differently than one with¬ 
out them. This statement needs slight modification 
as will be shown. Laboratory tests have demonstrated 
that if plastic flow has time to take place it will and there 
i^ little to fear from these residuals under either fatigue 
or .static loading in so far as the useful life of the struc- 
tme is concerned. A few meager experiments indicate 
there is some slight difference when impact is involved 
at low temperature between a structure that contains 
residuals and one that does not. AH of these investiga¬ 
tions relate to stress conditions which can be classified 
as of a biaxial nature. Practical experience indicates 
that this general statement cannot be carried over to 
thick materials where considerable triaxiality is involved. 
An example very often cited is that of a 2-in. thick sec¬ 
tion of the Boulder Dam penstock which cracked when 
dropped on its way to the annealing furnace and of a 
similar stress-relieved section dropped in the same 
way which did not crack. Therefore some way will 


have to be found to extend laboratory experiments to 
rigid structures of great thickness. This is the object 
of the Structural Steel Program of the Bureau of Stand¬ 
ards reported in the December 1944 issue of the Welding 
Research Supplement and in some of the investigations 
at M.I.T. 

Each of the programs of N.D.R.C. and Welding Re¬ 
search Council should be carefully evaluated in the light 
of existing knowledge and pro^ams modified accord¬ 
ingly. 

Thermal stress relieving is also useful to bring about 
dimensional stability particularly in structures that re¬ 
quire careful alignment aft^ machining operations. 

Laboratory tests and service results have indicated 
that there is a gradual decrease in residual stresses with 
aging operations involving relative differences of tem¬ 
perature of parts of a structure or with service loads plus 
residuals exceeding the yield point at certain locations. 

Local thermal stress relieving of parts of restrained 
structures may iron out local high residual stress peaks 
but introduce large reaction stresses. In same applica¬ 
tions low-temperature stress relieving is quite effective 
in reducing peak residuals. 

It is also suspected that high residuals in steels sus¬ 
ceptible to “strain aging” expedite a phenomenon known 
as stress corrosion. 

There is need for studying further the residual stress 
distribution across the thickness of welds. 

It is hoped that with the aid of the best available 
theory and of fundamental experimental research, the 
problem of residual stresses can be reduced to a rational 
and to an at least approximately quantitative basis. 
The basic solution would be: starting with the mate¬ 
rial, geometry and welding technique, compute the re¬ 
sidual stresses in all three axes, superimpose the load 
stresses and then compute the resulting stress pattern, 
taking account of the plastic flow which might intervene. 

Since this ideal is not likely to be realized, not only be¬ 
cause of our lack of quantitative knowledge concerning 
the flow properties of the numerous materials under num¬ 
erous combinations of triaxial stresses and over wide 
ranges of temperatures, but also because of the complex¬ 
ity of the theoretical calculations necessary, we need guid¬ 
ance as to the most promising direction of approach. 
Such guidance can be provided only by those with the 
best available understanding of the phenomena involved 
and with the best quantitative perspective thereof. In 
other words, it is desired to avoid such unnecessary 
floundering as is inevitable without such a clear quantita¬ 
tive perspective. 

In brief, the objective is the ability to design and 
fabricate by welding, large structures which cannot be 
stress relieved without too great expense, and in such a 
way as to be not only safe but also economical in the use 
of material. Designers should not be forced to use a 
factor of safety sufficient to cover the worst case when a 
much lower factor is perfectly satisfactory for the great 
majority of cases with well defined conditions. They 
should be able to make a rational design adapted to a 
particular set of service conditions. 

Nature and Fopnatum of Residual Weld Stresses 

When the hot weld metal cools, it shrinks triaxially 
and often non-uniformly imder a restraint which cannot 
be computed or measured with any quantitative accur¬ 
acy, and which depends upx)n both the geometry of the 
structure and rate of cooling. 

■ From a superficial point of view, it might be concluded 
that, even though no cracking occurred on cooling, one of 
the principal axis stresses might be just short of cracking 
'and that ^e application of a load stress in that same axis 
would result in fracture. This is not sound logic. 
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If the weld zone cools throughout a range of several 
hundred degrees Fahrenheit without cracking and under 
such triaxid restraint as is usually present, some plastic 
flow must take place before reaching room temperature. 
Some of the quantitative considerations on which this 
statement is based, are as follows: 

A. If a bar of steel with rigid end support and with¬ 

out stress at some high temperature, cools 
under this rigid r^traint, the resulting tensile 
stress, if not higher than the elastic limit, will 
be roughly 200 psi. per degree Fahrenheit, if 
the elastic modulus.is 30,000,000. 

B. If the restraint is biaxial the effective modulus 

will be higher and if triaxial much higher still. 

C. Thus if we assume equal biaxial stresses and such 

a wide temperature range of cooling, it is 
difficult to conceive of a degree of restraint so 
low as not to yield a stress sufficient to cause 
failure, unless plastic flow takes place. More¬ 
over, this plastic flow must end at room tem¬ 
perature, that is, when the metal is cold. 

D. Thus, if such plastic flow is still taking place at 

room temperature under the particidar set of 
triaxial stresses which prevail, is it not more 
than probable that the superposition of a uni¬ 
axial load stress with the resulting increase in 
shear stress, would cause further flow without 
fracture. It is, of course, conceivable that the 
uniaxial load stress might fall in the axis of the 
lesser of the two residual stresses and thus re¬ 
duce the shear and the freedom of flow, but the 
maximum stress would then be not as high as 
that where the load stress coincides with the 
maximum residual stress. 

E. A comprehensive series of fatigue tests on large- 

size welded coupons, and extending over 
several years indicates that under full alter¬ 
nating stress the endurance limit of unstress- 
relieved coupons is substantially the same as for 
stress-relieved coupons. 

InUrdependabilily of the Variables 

In one investigation now under way a basic assump¬ 
tion was made that rate of loading, constraint and tem¬ 
perature are interdependent variables and that by 
studying constraint in terms of the temperature factor, 
all types of mechanical constriction leading to constraint 
could be produced by simple equivalent notches. For ex¬ 
ample, the constraint added by severe internal stress 
could be explored by investigating the temperatures 
necessary to render the fracture assembly brittle and then 
devising simple notches which would have the same ef¬ 
fect. Preliminary results indicate that this is a promising 
line of attack. It is assumed that increasing constraint, 
increasing rates of load and decreasing temperature are 
merely different methods of raising the yield point. This 
has now been checked experimentally. The relationship 
is a function both of steel-making practice, the rolling 
mill practice and the degree of strain aging. The tie-in 
with the weldability investigations will be apparent as 
the weak point may be the heat-affected zone. 

One expert states that regardless of the manner of 
achieving it, the same results in increasing yield point are 
obtained for any one steel by any one of the three meth¬ 
ods. For example, the increased yield px)int due to rapid 
loading must result in the same figure as increasing the 
yield point due to lowering the temperature provided 
the actual’ cleavage strength is not changed by these 
variables. The cleavage strength then becomes a matter 
of some importance. 


Summary 

The factors leading to the formation of stresses arc 
briefly reviewed. In order to control these factors fro- 
an engineering viewpoint and to evaluate them from. 
research viewpoint it is necessary to separate the transier: 
conditions from the conditions which finally prevail whti 
the structure has cooled to the ambient temperature. 

The controls and problems relating to the transien! 
conditions (called weldability) are partially differen; 
from the problems and controls prevailing when the 
weldment has cooled down to ambient temperature and 
is placed in service. From a weldability viewpoint Ik 
aim is to end up with a structure free from flaws, craci; 
and undesirable metallurgical structures. Methods of ob¬ 
taining these desirable conditions are briefly discussed 
as are also some of the remaining research problems in 
this field. 

Assuming we have a crack-free structure, althoufii 
containing high residual stresses, the weld stress prob¬ 
lem is carefufly considered and broken down into its 
essential elements. They are (1) stress raisers, [2 
quality of steel, (3) low temperature, (4) strain agins, 
(5) rigidity of structure, (6) residual stresses and 1,7 
combinations of these factors. 

(!) Stress Raisers 

There seems to be general agreement that this one 
factor overshadows all others and in combination with 
low-temperature notch-sensitive steels and impact load¬ 
ings accoimts for most of the troubles. 

(2) Quality of Steel 

Ordinarily at room temperature (70® F.) the usual rur 
of steel in accordance with recognized specifications is noi 
a troublesome problem provided it is of weldable quality. 
However, at low temperatures its notch sensitivity 
and its susceptibility to strain aging deserve careful con¬ 
sideration. 

(5) Low Temperatures 

Most of the major failures in welded structures are 
Associated with low temperatures or considerable differ¬ 
ences in temperatures of parts of a rigid structure. 
The notch sensitivity of the particular steel at low tem¬ 
peratures, rapid rates of loading, rigidity of structure in 
conjunction with variations in temperature of parts and 
stress raisers form undesirable combinations which must 
be given the most careful consideration. 

{4) Strain Aging 

Considerable more research work must be done in this 
field and the various factors leading to strain aging must 
be evaluated. This phenomenon may be definitely 
linked with the quality of steel. 

(5) Rigidity of Structure 

The welded structure is a monolithic structure offering 
constraint to yielding or deflection in three directions 
Because of this a totally new set of problems arises not 
necessarily encountered in a riveted structure. Problems 
in plastic flow are particularly important. A great deal 
of basic new data is needed in this field. 

(6) Residual Stresses 

Two or three years ago residual stresses were consid¬ 
ered a major source of trouble. The necessity for the 
control of shrinkage against restraint in the making of 
the weld is still a major factor in order to arrive with a 
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rack-free structure on cooling. However, the impor- (7) Combinations of Variables 

ance of residual stresses on the useful life of a completed it is recognized that certain combinations of the above 
tructure free from cracks, although not fully explored, factors are particularly undesirable. These combina- 
5 now regarded with less concern than formerly.' tions must be evaluated quantitatively. 


DISCUSSION INVITED! 

Suggestions for Amplification or Improvement of the Weld Stress Statement given 
above are Cordially Invited. Send Communications to William Spraragen, Welding 
Research Council* 29 West 39th Street, New York 18, N. Y. 


How Does Propagation 
of a Small Crack Take 
Place in Thin Plates? 

By L. E. Grint«:t 

F or years the rapid propagation of cracks in rela¬ 
tively thin welded plates has created a feeling of 
concern not associated with similar riveted plate 
tructures. Static tests of the cracked plates usually 
lave indicated sufficient residual ductility so that the 
naterial could not reasonably be classed as fundamen- 
ally brittle under either the uniaxial or biaxial state of 
tress to be expected in a thin plate. Since such cracks 
lave been observed to cross and recross welded seams 
vithout any particular tendency to follow along the line 
)f the weld, it has not seemed probable that the weld 
netallmgy had much if anything to do with the progress 
)f the crack although the residual stresses left in the weld 
ind the base metal alike by the welding process were no 
loubt involved. 

Although tests of materials under controlled triaxial 
.ensions have never been carried out because of mechani- 
:al difficulties, certain tests on notched bars supple- 
nented by theoretical considerations point to the fact 

t Vice>President and Dean of the Graduate School, niinois Institute of 
['ecbnologjr. 


that the probable plastic deformation of any material 
before failure reduces steadily as the critical stress condi¬ 
tion of equal triaxial tensions is approached. Under such 
an idealized stress condition, the most ductile steel may 
well behave much like the common conception of glass. 
Since rapidly progressing cracks in thin steel plates usu¬ 
ally show the typical herringbone pattern of brittle or 
cohesive failure, except possibly for a short length where 
the crack started, it seems evident that a triaxial state of 
stress may well be involved. 

It is easy to visualize the possible existence of triaxial 
tensions in plates an inch or more in thickness since the 
zero stress normal to the surface might conceivably be 
changed by nonuniform shrinkage to a tension near the 
mid-depth of the plate. For plates of V 4 iii* thickness, 
which are also susceptible to progressive brittle cracking, 
no stretch of the imagination seems to suggest a residue 
internal tension normal to the plate surface of significant 
magnitude. Hence, if such tension occurs and is the 
cause of progressive failure, it must apparently be de¬ 
veloped by the mechanism of the fracture itself. 

All wide steel plates with or without heavy lateral re¬ 
straint operate imder a system of nonuniform biaxial 
stresses which probably approach the elastic limit of the 
steel. In pressure tanks, for example, the applied biaxial 
stresses are superimposed upon other biaxial stresses left 
by the welding process. Accordingly, in the figure there 
is shown a wide plate under biaxial tensions, which, after 
considerable deformation, have produced a horizontal 
crack. If this thin plate is of normally ductile steel 
loaded at room temperature, the first inch or two of the 
crack will be foimd to be. a slipping shear fracture. 
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Thereafter, the crack may progress with a brittle her¬ 
ringbone fracture. 

In the figure the wide plate is resisting a unit stress 5, 
in the horizontal direction and a unit stress S, in the 
vertical direction. There is no applied stress perpen¬ 
dicular to the plate, or 5, = 0. After the ductile failure 
starts, producing the shear crack of length x, the stress S, 
over the vertical strip of width x can no longer be carried 
by this strip of the plate but must be shifted to adjacent 
strips to the left and right of the ends of the crack. Thus 
the particle A is shown with a stress 5, = 0 while for the 
particle B the stress S, is undoubtedly very high. Cer¬ 
tainly then, the crack should progress since the stress 5, 
at the end of the crack is now greater than the applied 
stress S, which was high enough to start a ductile failure 
in the first place. However, this does not explain the 
change in character of the fracture from ductile to brittle 
as the crack progresses. 

Consider, however, the change in thickness of the plate 
near the end of the crack. At particle A the reduction of 
the stress to zero permits a thickening of the plate 
(Poisson’s ratio efltect). At the adjacent particle B the 
great increase in the stress tends to reduce the thick¬ 
ness of the plate. Within a very short distance, there¬ 
fore, and to either side of the end of the crack, the ma- 
teri^ is restrained by a sudden change from a desire to 
thicken to a desire to thin down. The result is that 
particle A is thrown into compression and particle B is 
thrown into tension normal to the plate, with the result 
that a triaxial tension of some magnitude appears certain 
to exist near the end of the crack. 


To form some quantitative measure of the possible 
magnitude of such triaxial tension, assume that 5, equals 
40,000 psi., the elastic limit of the material. Atparticle^l 
the release of the tension S, to zero would produce a 
tendency for this particle to thicken (Poisson’s ratio 
effect) by about 25% of its change of strain in the plate 
TT „ „ 0.25 X 40,000 

direction y. Hence, d. = 0.25 d, = - ao-oop - poo = 

Vjooo in. per in. But for particle B the stress Sp might be 
increased from 40,000 to 80,000 psi. This increase of 
40,000 psi. would produce a tendency of the plate to thin 

down by d, = 0.25 d. = - gp ppp ppp = V..w m. perm. 

If we assume that particles A and B restrain each other 
and end up with identical thicknesses, each must be de¬ 
formed by an average normal stress in the amount of 
(V3000) X 30,000,000 = 10,000 psi. 

The analysis above is a rather crude approximation for 
several reasons: First, although the stress on particle A 


in the y direction must be zero, the corresponding stress 
on particle B is not necessarily twice the original value d 
Sg. It might be somewhat lower but more likely a)c 
siderably higher. Second, the two particles A and E 
are not necessarily adjacent particles so that some sligh: 
change in thickness between the two might partially 
relieve the stress that must be developed normal to the 
plate. The geometry involved seems to indicate tha! 
this action might be significant in reducing deformation 
stresses norm^ to the surface for thin sheets but could 
hardly be important for plates exceeding a quarter of an 
inch in thickness. Third, the developed normal stress is 
not uniform through the thickness of the plate but is zero 
at the surface and reaches its maximiun value at the mid¬ 
depth. Taking these three influences into consideration 
(two of which would increase the estimated stress), we 
may feel that the estimate of 10,000 psi. for the third 
triaxial tension near the end of the crack is reasonable 
and probably conservative. It is also probably high 
^ough to explain the change from ductile to brink 
failure when added to other factors that reduce ductility 
at fracture. 

The fact that the tension developed normal to the plate 
is zero at the surface and reaches its maximum value at 
the mid-depth, may explain the characteristic herring¬ 
bone pattern. The biaxial stresses well ahead of the 
crack at the siuf aces would appear to be sufficiently high 
to produce shearing deformation and fracture if per¬ 
mitted time to deform the material. At the mid-depth 
of the plate only the high stress concentration near tic 
end of the crack would be adequate along with the third 
directional tension to produce a cohesive fracture 
Hence, some pattern surih as the herringbone pointing 
back toward the initial point of fractiue seems under¬ 
standable. 

Although this discussion has assumed that fracture 
would originate by shear deformation and would then be 
propagated by triaxial brittle fracture, the wholly brittle 
fracture is equally important. If we assume that the 
combination of high stresses, low temperature and section 
changes producing notch effects are jointly sufficient at 
any one point to start a brittle fracture, it becomes clear 
(from the theory expounded above) that this fracture 
may propagate itself through areas of lower stress in a 
brittle manner even in thin plates. Accordingly, metals 
of high notch sensitivity at any working temperature 
must not be used for structures with section changes. li 
the original fracture is certain to be ductile, even thou^ 
cracks may propagate themselves in a brittle manner, ihf 
usual factor of s^ety through initial deformation stiH 
exists. 
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Supplementary Report of Model Tests 
of Weld Reinforcements for the 
Hatch Comers of Welded Ships 

By Commander G. L. Smith, U.S.N. (Ret.)* 


Abstract 

Further tests with model plates are described, supplementing 
lose reported in David Taylor Model Basin Report R-289t of 
ovember 1944. The tests were carried out to determine the 
oper distance of diagonal reinforcing welds from the comers of 
ctangular openings and the best type of weld to be used. 

Tests of wdded specimens which c^d be pulled in the Baldwin 
>utbwark 600,000-tb. testing machine of the Taylor Model Basin 
ere made to determine the distance factor; other tests were made 
the National Bureau of Standards 1,150,000-lb. Emery testing 
achine to determine the best type of weld. 

These tests indicate that the best position of the weld was at 
le plate thickness from the comer of the opening, and that a 
ngle weld with a width of one and one-half and a height of one-half 
ate thickness would add 7600 psi. to the strength of the plate, 
bis substantiates the figure given by Commander Westergaard 
his analysis of the problem in Appendix 1 of TMB Report 

-289.t 

Tests of large plates at the National Bureau of Standards 
dicated that a type of diagonal weld composed of overlapping 
u-allel beads of varying length is most effective in preventing 
'acks at the hatch comers. 


Introduction 

r HE previously published Taylor Model Basin 
Report R-289 described a brief series of tests 
which indicated that one or more diagonal welds 
utside each comer of a rectangular opening in a steel 
late trasile specimen increased the strength of the plate, 
specially for failures which occurred by tearing at the 
larp comers. 

In this case the tensile specimen represented the deck 
f a ship with a large rectangular hatch opening with 
5 uare comers under tensile loading. The diagonal welds 
'ere intended to place the metal of the deck plate in 
litial compression at these comers and thus to increase 
be over-all load which the plate could carry before the 
letal at the sharp comers reached the fracture point. 
The purpose of the additional tests describe in this 
sport was to determine the effect of certain variables in 
bis procedure, and to establish some simple preliminary 
ules for using these diagonal welds in the design and 
onstruction of ships and other structures. 


General Outline of Tests 


i±J 



1 " ‘ ■ IK » K 7 II 

t t 4 1 T» Te * 


j plates, dimensions 
are given below. 


A 

56” 

B 

6” 

C 

C 

D 

4” 

K 

1 1/2 C 

P 

Var. 

G 

3/8" 

H 

1/52" 

K 

1/2 C 


5* I" 

For plotee B* 6 ^ and 
6 c ^y other dimensions 
the some. Dimension F 
voried os follows: C, 2C, 
3C, 4C. 

Fig. 1—Sketch Showing DimensionB of Small 6> x 36>In. Plates 


a transverse cut, and to substantiate the theory 
outlined in Commander Westergaard’s analysis, 
Appendix 1 of TMB Report R-289. 

2. Tests of plates */» to Vs in. thick with large 
rectangillar openings, to determine the effect 
of single and multiple diagonal comer welds, 
extending the series described in TMB Report 
R-289. 


This supplementary series of tests is divided into two 
irincipal groups; 

1. Tests of narrow plate specimens to determine 
the best position of reinforcing welds relative to 

* Navy Dept.. David Taylor Model Baaln, Washingtoo, D. C. 
t PubUshco in the May 1945 issue of the Supplemeut ta The Weldiog 
oumal. 


Teat Specimens and Procedure 

All plate specimens were cut from medium steel plate. 
The specimens were fashioned from the rolled plates by 
flame cutting; then the rough spots were ground off. 
The specimens were cut so that the tensile load was ap¬ 
plied in the direction gf rolling of the plate. Square 
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Table l^Teei Reaulte £or Narrow Plate Speoimena 


Maximum Gain in Stns 


Plate 


Distance from 

Maximum Load 

Net Area in 

Calculated Stress, 

Due to Wdi. 

Thickness 

Specimen 

Weld to Saw Cut 

at Fracture, Lb. 

Tension, In.* 

Psi. 

Psi. 

‘A 

326 

No weld 

94,000 

1.406 

66,800 


‘A 

327 

C* 

99,300 

1.406 

70,600 

3^10 

‘A 

328 

2 C 

100,600 

1.406 

71,600 

4800 

‘A 

329 

3C 

99,600 

1.406 

70,800 

4000 

‘A 

330 

4C 

95,200 

1.406 

67,700 

1000 

‘A 

326-D 

No weld 

78,000 

1.406 

56,500 


•A 

327-D 

C 

90,000 

1.406 

64,100 

8600 

‘A 

328-0 

2C 

85,000 

1.406 

60,600 

5000 

‘A 

329-D 

3C 

85,000 

1.406 

60,500 

5000 

‘A 

330-D 

4C 

86,500 

1.406 

61,600 

6000 

•A 

332 

No weld 

111,000 

2.109 

52,600 


Vi 

333 

C 

123,200 

2.109 

58,400 

om 

Vi 

334 

2C 

120,000 

2.109 

66,900 

4300 

Vi 

335 

3C 

121,000 

2.109 

67,400 

4800 

Vi 

336 

4C 

118,000 

2.109 

66,000 

3400 

Vi. 

350 

No weld 

127,000 

2.451 

51,900 


Vi. 

351 

C 

149,000 

2.461 

60,800 

9100 

Vi. 

352 

2C 

148,000 

2.451 

60,400 

8700 

Vi. 

353 

3C 

145,000 

2.451 

59.200 

7500 

Vii 

354 

4C 

139.C00 

2.451 

56,700 

5000 

V. 

337 

No weld 

150,000 

2.812 

53,400 


Vi 

338 

C 

177,000 

2.812 

63,000 

9^ 

Vi 

339 

2C 

170,000 

2.812 

60,500 

7200 

‘A 

340 

3C 

167,000 

2.812 

59,400 

6100 

‘A 

341 

4C 

160,000 

2.812 

56,900 

3600 

Vi 

346 

No weld 

201,000 

3.750 

63,600 


Vi 

347 

C 

224,000 

3.750 

59,800 

6200 

Vi 

348 

2C 

222,000 

3.760 

59,200 

5600 

Vi 

349 

3C 

223,000 

3.760 

59,500 

5900 


* The value of C is the thickness of the plate in inches. 


comers in the openings representing hatch corners were 
finished by hand filing. 

A transverse notch was made with a hack saw in each 
specimen of the first group. Welds were applied per¬ 
pendicular to the notch and at different distances from it. 

The second group of specimens had rectangular open¬ 
ings. All comers of the openings were cut square. Welds 
were applied near the comers. These specimens were 
made single-ended to conserve material. In other words, 
the two parts of the specimen lying alongside the opening 
were connected at one end directly to one of the loading 
heads, with some slight spread in the width to prevent 
fracture at that point. 

The ratio between the width of the opening and the 
over-all width of the specimen was varied at ^t to de¬ 
termine what effect sudh a variation would have upon the 
effectiveness of the welds. In later specimens this was 
stabilized at a value of one third. 

All welding beads were applied by using EA electrodes 
and by following a welding procedure as specified under 
the heading Analysis of Results. Welding beads were 
applied on only one side of the plate on all specimens ex¬ 
cept Specimens 323, 324 and 325. In the second group 
of specimens all wdds were applied at an angle of 30° 
with the length of the opening. 

The specimens in the first group were narrow enough to 
be pulled in the 600,000-Ib. universal testing machine 
at the Taylor Model Basin without the use of pulling 
heads. The larger specimens of the second group were 
tested in the Emery machine at the National Bureau of 
Standards, which has a capacity of 1,150,000 lb. in ten¬ 
sion. All tests were made at room temperature, about 
70° F. 

Further details of the individual specimens are given 
in the following section, along with the test results in 


which total loads are converted into poimds per squan 
inch across the net section to facilitate comparison. 

Details of Specimens and Test Results 

Narrow Plate Specimens 

The typical shape and the dimensions of the specimens 
in this group, designed to determine the effect of varia¬ 
tions in the transverse distance between a sharp trans¬ 
verse cut and a welding bead, are shown in Fig. 1. Tbt 
notch or cut was made with a hacksaw and the weldin? 
bead was laid on one side of the plate only. 

The test specimens in this group were cut from \ r- 
Vi-, Vn-» Vj- and plate. Table 1 lists the resulu 

of the tests and Fig. 2 shows the data plotted in graphi¬ 
cal form, giving the maximtun load on a basis of welding- 
bead spacing. 

In all cases the plates broke at the saw cut through the 
weld. The photo^aph of Specimen 328 (Fig. 3) show? 
a sample of the saw cut and the fracture obtained. 

This group of tests with Vein, plates was repeated to 
get a better average curve of performance. However, io 
deriving this curve the figures for the V«"in. plate wert 
omitted as the material of this plate appeared to be out 
of line with the general run of medium steel plating, ^ 
shown by the curve for this plate thickness plott^ in 
Fig. 2. 

The heavy curve in Fig. 2 represents the mean cune 
for */r to ‘/g-in. plates, inclusive, and shows a maximun) 
gain in strength due to the weld of 7600 psi. The weW- 
ing bead spaced at one plate thickness from the saw cut 
was the most effective in all cases. The curves do not 
indicate any variations due to plate thickness but do 
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Tabl«2 



Load at Which 

Load at Which 

Elastic 

Load at 




* 

Scaling Began, 

Ltiders Lines 

Limit, 

Failure, 


Gain in Stress 

Type of 

Specimen 

Psi. 

Appeared, Psi. 

Psi. 

Psi. 


Due to Weld, Psi. 

Fracture 

322 

31,600 

37,600 

38,000 

47,750 


-250 

Brittle 

323 

29,300 

32,600 


/56,600 

161,700 


+7,600 

+13,700 

Ductile 

Ductile 

324 

23,400 

33,400 


53,800 


+6,800 

Ductile 

325 

• • . » 

33,700 

33,700 

60,000 


+2,000 

Ductile 

Av. 

* 28,100 

34,300 

35,850 

53,310 




Welds, all at 30 

° angle with length of plate. 









Length, 

Width, 

Height, Spacing Apart, 

Spacing from 

Specimen 

Type and Number of Welds 

In. 

In. 

In. 

In. 

Corners, In. 

322 

Double one side 

10 

Vt 

V4 

V. 

V4 

323 

Single one each side 

10 

1 

Vi 


V* 

324 

Single one each side 

10 

1 

Vi 


V* 

325 

Single one each side 

10 

1 

Vi 


V* 


low without any doubt the best position for the weld 
ith respect to a saw cut or comer. 


Large Plate Specimens 

'est of Plates 

Four specimens Vi in* thick were tested at the Bureau 
f Standards. Figure 4 shows the dimensions and Table 
the w<elds used and the results obtained. 

A careful recording of scaling and Ltiders lines in 
pecimens 323, 324 and 325 (Figs. 6 to 9) showed that 
he first scaling on all three plates started at the sides of 
he hatch openings between these sides and the end of 



Distonce of Weld from Saw Cut • 

Fig. 2—Cuzres oi Breaking Load Plotted Agaiut DistMCe of 
Weld from Saw Cut 



This specimen 
was 36 in. long, 
6 in. wide and V 4 
in. thick with a saw 
cut */t in. deep on 
one side and a weld 
4 in. long, */% in. 
wide and */i in. 
high opposite the 
saw cut and */* in 
from it. The yield 
point was at 60,300 
psi.; fracture oc¬ 
curred at a load of 
71,500 psi. in the 
ductile mode as 
shown in the photo¬ 
graph. 


Fig. 3—Specimen 328 


the weld. As the tension increased, there appeared to be 
no definite pattern for other evidences of scaling or 
Ltiders lines, except that any evidence of strain was con¬ 
siderably delayed in the vicinity of the comers. 

The failure of Specimen 322 (Fig. 5) at 47,750 psi. was, 
in part at least, attributed to welds not up to intended 
size. Neglecting this plate, the average load at failure 
was 55,100 psi. 

Failure of Specimen 322 (Fig. 5) was progressive. 
Brittle cracks developed from the comers to the first 
weld and stopped. In a few moments this weld broke 
and a ductile crack extended to the second weld and 
stopped. A few moments later the second weld broke 
and the crack started across the sides of the plate. 

Examina^On pf the fractures of the Vrin. plates, which 
show^ in spots, indicated that the quality 

of the material whi<± they were cut was not good. 
The performance ^ the plates during the test confirms 
tbil ©pinion* Two plates, without welds or openings. 
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Specimen 

L 

W 

w 

S 

H 

322 

36 

33 

9 

12 

18 

323 

48 

44 

12 

l6 

24 

324 

40 

44 

18 

13 

20 

325 

30 

44 

24 

10 

15 


Fig. 4—Sketch Show* 
ing Dimensionfl of 
^/fln. Plates with 
Double Welds 


were tested to determine the physical characteristics of 
the steel. The average ultimate load for these two plates 
was 53,900 psi. If the average breaking load of a 
slotted specimen without welds is assumed to be 48,000 
psi. then the welds produced a gain of —250 psi. for 
Specimen 322, 13,700 psi. for Specimen 323 on the second 
test (Fig. 7) 5800 psi. for Specimen 324 (Fig. 8) and 2000 
for Specimen 325 (Fig. 9). 

Due to the peculiar results obtained from the first 
group of Vs-in. plates Specimens 322, 323, 324 and 325, 
and in view of the results obtained from overlapping 
welds on and ’'/rin. plates, four more Vrin. plates 
were tested to study overlapping welds. The first plate 
had no welds, the second one a single weld, the third one 



Fig. 6 — Specunen 323a 

This specimen was cut fnnn the same Vrin. plate as Specurci 
322. The welds were 10 in. long, 2t in. wide and V«t in- ^ 
and were at a distance t in. from the corner. The welds were x 
both sides of the plate. This plate was similar to Specimen £ 
(see TMB Report R-289) but 100^^ larger. ! 

baling began at a load of 29,300 psi., Luders lines at 32,600 ^ 
At a load of &,600 psi. a crack developed in the lower ri^t-har- 
comer as shown in the photograph and the test was discontinuec. 



Fig. 5—Specimen 322 

This sF> 0 cimen was cut from V*-in. plate. Two parallel welds 
were laid across each comer on one side of the plate only. The 
welds were 10 in. long, lV»t in. wide, and V*t in. high, and were 
spaced t in. apart and IVrf in. from the corners, where t is the 
thickness of the plate. This plate was similar to Specimen 321 
(see TMB Report R-289) but was 50% larger. 

Scaling began at a load of 31,600 psi., Luders lines at 37,5(X) psi. 
and drop of beam at 38,000. A brittle crack began at the left 
comer at a load of 47,700 psi. A few moments later, at the same 
load, a similar crack started at the right comer. The cracks spread 
to the second weld and the plate broke at a load of 47,750 psi. 
The fracture was in the brittle mode to the first weld and in the 
ductile mode through the second weld. 



Fig. 7—Specimen 323i> 

This is the same plate as Specimen 323a. The crack i' 
lower right-hand corner was welded up and the lower o’--’ 
comers of the plate were reinforced by fillets, as shown ^ 
photograph. 

The plate was again tested to brittle failure at a load 5i - 
psi. Test specimens were cut from the sides of the plate <*' 
accounts for the narrow upper section. 
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Fig. 8—Specimen 324 

This specimen was cut from the same ^A-in. plate as Specimen 
322. It was 40 in. long and 44 in. wide with a centrally located 
opening 18 in. wide starting 20 in. from the upper head. The 
width of the sides was 13 in. This opening was 50% wider than 
that of Specimen 323. The welds for this plate were the same 
as those for Specimen 323. 

Scaling began at a load of 23,400 psi., Lu'ders lines at 33,400 psi. 
At a load of 53,800 psi. the plate started to fail in the ductile mode 
as shown in the photograph. 


a double weld and the fourth one a triple weld. The 
dimensions of these plates are given in Fig. 10. 

Tests of ^/vln. Plates 

Four specimens Vr in. thick were tested at the Biu-eau 
of Standards. These specimens were 48 in. long and 42 
in. wide with a centr^y located opening 14 in. wide 
which started 24 in. from the upper head. The width of 
each side was 14 in. The location and size of the welds 
are shown in Fig. 15. Table 3 gives the results of the 



Fig. 9—Specimen 325 


This specimen was cut from the same ‘/i-in. plate as Specimen 
322. It was 30 in. long and 44 in. wide with a centrally located 
opening 24 in. wide starting 15 in. from the upper head. The 
width of the sides was 10 in. This opening was 100% wider than 
that of Specimen 323. The welds for this plate were the same as 
those for Specimens 323 and 324. 

Luders lines appeared at a load of 33,700 psi.; general scaling 
began at 36,700 psi. accompanied by drop of beam. At a load 
of 50,000 psi. the plate failed in the ductile mode as shown in the 
photograph. 



Specimen 

Welds ■ 

HT 

357 

None 


358 

Single 

1/4" 

359 

Double 

1/4" 

360 

Triple 

1/4" 


Fig. 10—Sketch Showing Dimensions of ‘/rin. Plates with Over> 
lapping Welds 


tests of these specimens. All specimens were tested at 
room temperature. 

These specimens were pulled to test the suitability of 
different types of welds on one side of the plate only. 
Single welds on each side did not show up very well on 
Vi-in. plates, Specimens 323, 324 and 325. This design 
was al^ considered impracticable. 

Overlapping welds were then tried with the results as 
shown in Table 3. Specimen 345 (Fig. 19) with three 
overlapping welds, showed a gain of 14,500 psi. while 
Specimen 344 (Fig. 18), with two overlapping welds, 
showed nearly as well with a gain of 13,800 psi. 



357 





Fig. 11—Specimen 357 Fig. 12—Specimen 358 

Specimen 357 was cut from a large 'A-in. plate. Its dimensions 
are given in Fig. 10. No welds were applied. The plate was 
tested at room temperature. Luders lines showed up from the 
corners toward the upper head at a load of 22,600 psi. for one 
comer and at 28,200 psi. for the other one. Drop of beam occurred 
at 37,200 psi. A crack started at the left comer at 47,800 psi. and 
at the right corner at 48,100 psi. The maximum load was 49,400 
psi. with a crack at the left corner about 1 in. long as shown in 
the sketch. Failure started at 48,000 psi. 

Specimen 358 was cut from the same large Vi-tn. plate as Speci¬ 
men 357. Its dimensions are given in Fig. 10. A single weld was 
applied at each corner and spaced ^A in. frexn it. me weld was 
12 in. long, 1 in. wide and in. high. The plate showed Luders 
lines at a load of 13,100 ^i. between the sides of the opening and 
the ends of the weld, (^neral scaling began at 37,000 psi. and 
drop of beam at 37,100 psi. Small line cracks show^ up at each 
comer at 47,600 psi. Ihe end of the weld tore from the sides of 
the plate at 53,300 psi. A crack reached the left weld at 54,200 psi. 
and the weld gave way at 55,000 psi. as shown in the sketch. 
Gain due to welds, 7000 psi. over Specimen 357. 
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Specimen 

Load at Which 
Scaling Began, 
Psi. 

Location 
of Scaling 

Load at Which Load at Which 
Drop of Beam Crack Started, 
Occurred, Psi. Psi. 

Location of Crack 

Load at 
Which Plate 
Broke, Psi. 

Gain in 
Stress Duetc 
Weld, Pi 

342 

38,300 

Around 

38,600 48,400 

Comers 

48,400 


343 

13,600 

corners 

P* 

49,300 56,700 

Comers 

57,400 

9,000 

344 

19,600 

P 


End of right weld 

62,200 

13,800 

346 

8,600 

P 


End of left weld 

62,900 

14,500 

Av. 

20,025 


43,950 





Average tensile strength of two test specimens—63,700 psi. 
• See Fig. 16. 


Specimen 343 (Fig. 17) showed that the weld, in itself, 
adds very little strength to the plate as the crack ran up 
to the weld at 57,200 psi. and then through it at 57,400 
psi. The gain due to the weld as shown in Table 3 was 
9000 psi. 

This gain due to the welds on Specimen 343 (Fig. 17) 
again confirms Commander Westergaard’s calculations 
given in Appendix 1 of TMB Report R-289, while the 
record from Specimens 344 and 345 show his figure of 
7000 to be too low. 

The photographs ^4, J5, C, D, E and F, taken while 
pulling Specimen 345 (Fig. 19) which was coated with 
whitewash, give a very clear picture of the development 
of strains in the plate. In all plates pulled at the Bureau 
of Standards the first evidence of strain showed up in the 
locality marked P in Fig 15 and Photograph ^4. Photo¬ 
graph B shows considerable intensification of the lines 
at P together with a few lines off the opposite ends of the 
welds. Photograph C shows strain lines across the sides 
to the outer edges, while Photograph D shows lines 
rather close to the comers. Photograph E of the back 
of the plate shows strain lines over the entire plate except 
at the end of the opening between the welds, and photo- 


359 

/ \ 


360 


■ 

> 


r 


'4 


Fig. 13—Speciin«n 359 Fig. 14—Specimen 360 

Specimen 359 was cut from the same large 'A-in. plate as Speci¬ 
men 357. Its dimensions are given in Fig. 10. Two overlapping 
welds were applied at each corner as shown in Fig. 10. The plate 
showed Luders lines between the sides of the opening and the 
lower ends of the weld at 11,300 psi. At 37,000 psi. general scaling 
began and at 47,800 psi. small cracks began to show at both comers. 
At 49,600 psi. tile lower comer of both long welds began to tear 
away from the plate, and at 58,400 psi. the plate developed a crack 
at the end of the left long weld as shown. Gain due to welds, 
10,400 psi. over Specimen 357. 

Specimen 360 was cut from the same large plate and had the 
same over-all dimensions as Specimen 357. Three overlapping 
welds were applied at each corner with the lower end of the long 
weld tapered off to reduce the tendency to crack at that point as 
shown in Specimen 359. The plate showed Luders lines at a load 
of 12,400 psi. frcxn the lower ends of the long welds to the sides 
of the opening. General scaling began at 35,600 psi. and drop 
of beam at 36,800 psi. At 53,300 psi. a slight line crack showed 
up at one corner. At 54,400 psi. the tapered end of one long weld 
began to tear away and at 57,000 psi. a line crack showed up at 
the other corner. At 61,900 psi. a crack ran through the left 
welds as shown above. Gain due to welds, 13,900 psi. over Speci¬ 
men 357. 



345 


Table 4 

Load at 

Load at Which Drop Load at Gain in 
Which Scaling of Beam Fracture, Stress Due to 
Specimen Began, Psi. Occurred,'Psi. Psi. Weld, Psi 

355 32,300 32,300 43,900 

356 21,100 33,000 61.300 17,400 


Figure 16—Specimen 342 

Specimen 342 was cut frcm t 
‘/»-in. plate. No welds were 
used on this plate. The sjsec- 
men began scaling around 
comers at a load of 38,300 p^- 
General scaling and drop <= 
beam occurred at 38,600 
Ductile cracks started at t^•* 
corners at 48,400 psi. 11'-* 
cracks extended slowly to abcui 
1 in. on one comer and ‘ ‘i 
on the other at the tnaximuc 
load of 51,100 psi. as shov-T ■■■ 
the sketch. 
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fig. 17—Specunen 343 

This specimen was cut frcvn the same plate as Specimen 

342. A single weld was laid at each comer at an angle of SO** 
with the longitudinal center line. The weld was 10 in. long, 2t in. 
wide and */tt in. high; it was spaced t in. from the comer, where 
t is the plate thickness. 

The specimen showed signs of Luders lines between the ends 
of the welds and the sides of the opening at 13,600 psi. General 
scaling occurred at 36,600 psi., and drop of beam at 49,300 psi. 
A crack began at the left comer at a load of 56,700 psi., and at 
the right corner at 57,000 psi. The crack in the left comer reached 
the weld at 57,200 psi. and ran through it at 57,400 psi. as shown 
in the photograph. 



Fig. 18—Specifflen 344 

This plate was cut from the same large plate as Specimen 342. 
The welds were applied in a different manner than for the former 
plates. The same 30° angle was used but the outer weld, which 
was laid on first, was 10 in. long and the inner weld was 8 in. long. 
The welds were located at plate thickness, ‘/* in., from the comers. 
The welds were Vi plate thickness high and 1 in. wide with the 
second weld overlapping the first by 1/4 in. 

The specimen showed signs of Luders lines and scaling at a load 
of 19,600 psi. between the sides of the opening and the ends of the 
welds. C^neral scaling developed at 37,500 psi. but no scaling 
or Luders lines showed up near the comers of the opening until a 
load of 48,000 psi. was reached, about the load at which Specimen 
342 began to crack. A very small crack developed at one corner 
at 53,700 psi. and another at the other corner at 54,800 psi. but 
they did not increase in depth. A crack began to open up at the 
ena of the right weld at 62,200 psi. and spread both ways to a 
ductile failure of the right side. This caus^ the heads to rotate 
on the pins and the left side failed in the brittle mode at the comer, 
tearing through the welds as shown in the photograph. 





Fig. 19—Specimen 345 

The specimen was cut from the same '/t-in. plate as Specimen 
342. Welds were applied in the same marmer as for Specimen 
344 except that three welds were applied at each comer. The 
first one was 12 in. long, the second one 10 in. long and the third 
one 8 in. long. They were placed at plate thiclmess from the 
comer. The welds were 1 in. wide and ^/i plate thickness high 
with the second weld overlapping the first, and the third over¬ 
laying the second by V 4 in. 

The specimen was whitewashed to show more clearly the Luders 
lines and scaling. The first evidence of Luders lines was noted 
at a load of 8600 psi. between the ends of the welds and the sides 
of the opening. 


graph F shows them beginning in this area. This group 
of photographs is very convincing evidence of the value 
of the wdds in removing stress intensifications from the 
vicinity of the comers. 

Tests of ’’/a-In. Plates 

Two specimens Vs in. thick were tested at the Bureau 
of Standards. These specimens were 48 in. long and 30 
in. wide with a centrally located opening 10 in. wide 
which started 21 in. from the upper head, as shown in 
Fig. ^0. Table 4 gives the resulte of the tests of these 
two specimens. The specimens were tested at room 
temperature. 

Specimen 355 which had no welds broke in the brittle 
mode on both sides at the same time. Specimen 356 
which had 3 welds arranged as shown in Fig. 20, broke in 
the ductile mode at the ends of the right wdds. As in all 
other plates tested, scaling was first noted in the area be¬ 
tween the sides of the opening and the lower ends of the 
wdds. 


Analysis of Results 

The data obtained from the tests of narrow plates of 
various thicknesses showed sufficient uniformity to war¬ 
rant the conclusion that a wdd reinforcement at a cut 
or comer shotild be spaced plate thickness from the cut 
or comer. 

The gain in strength for various thicknesses due to a 
single wdd spaced at plate thickness from a cut or comer 
varied as follows: 74 in., 6200 psi; Vs in., 5800 psi.; 
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rig. 19 (C) Fig. 19 (F) 

Fig. 19 {A), Specimen 345, shows Liiders lines at a load of 10,200 psi. Fig. 19 (6), Specimen 345, shows the 
strains develop^ practically to the edges of the slot at 32,000 psi. Fig. 19 (O, Specimen 345, at 37,700 ps: 
shows the scaling action working closer to the welds and Fig. 19 (0), Specimen 345, at 43,600 psi. shows scalinc 
working closer to the comers. Fig. 19 (£), Specimen 345, at 48,600 psi. shows general scaling on the back c: 
the plate except near the welds. At 62,700 psi. the metal began to tear away from the lower ends of the out?' 
welds. Fig. 19 (f), Specimen 345, was taken of the back of the plate at this stage. At 62,900 psi., failure beqj- 
on the left side below the welds; this side broke in the ductile mode as shown in the photograph. 
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2 3/8" 
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10" 

1" 

lA" 

5/16" 

1 5/8" 

3 

12" 

1" 

lA" 

5/16" 

7/8" 


Rg. 20—Sketch Showing Dimensions of ^/rln. Plates and 
Pocition of Welds 


Vi« in., 8900 psi.; Vs in., 9600 psi.; */» in., 6200 psi. 

This shows no relation between plate thirlmpM and 
gain, and it may be assumed that the average of the 
above figures would apply, in general, to any plate thick¬ 
ness. 

Specimens 323, 324 and 325 were all given the same 
type and size of welded reinforcement; the only variable 
was the width of the hatch opening. Width of sides and 
breaking loads were as follows: Specimen 323—16-in. 
sides, 61,700 psi.; Specimen 324—13-in. sides, 53,800 
psi.; Specimen 325—10-in. sides, 50,000 psi. 

This increase in breaking loads with the increase in 
width of the sides tends to show that welds successfully 
fulfilling the requirements of tests on plates limited in’ 
width by the capacity of the testing machine would be 
no less effective on wide plates used for the ship’s 
deck. 

Overlapping welds, first tested on Vrin. plates and 
then on Vs* and Vrin. plates, show a marked advantage 
over single welds, one on each side of the plate. Figure 23 
shows a curve of gain due to welds versus the number of 
welds. The data are not conclusive because of the small 
number of plates tested but they point to a safe formula 
which can be used in applying the welds to ships in serv¬ 
ice. 

Four points on this ciirve were obtained by averaging 
the gain for Vr, Vr and Vrin. plates. The form of the 
curve is predicted beyond the three weld line under the 
assumption that it fairs off to a horizontal line repre¬ 
senting the ultimate strength of the plate, between 63,000 
and 64,000 psi. It was therefore considered unnecessary 
to pull plates with more than three overlapping welds 
applied at the comers; the nature of the curve is such 
that a prediction of the gains beyond the three-weld line 


would be just about as accurate as the results obtained 
by test. 

The figiues alongside the curve in Fig. 23 show the 
gain in pounds per square inch which may be expected 
from each weld. As the number of welds increases, the 
gain drops, the sixth weld adding only 100 psi.; there¬ 
fore, the advantage gained by more than 6 welds is 
negligible. The wdds are laid on beginning with the one 
latest from the comer. Welds are 1 in. wide and V* 
plate thickness high up to ‘/g in., and overlap each other 
by about Vi in. Each wdd over-reaches the previous 
one by about 1 in. at each end and the ends of the last 
weld adjacent to the-sides of the opening are tapered off 
to reduce the tendency to start a crack at these ends. 
Welds are laid on starting at the middle and working 
toward the ends. 

The above procedure should be satisfactory for plates 
from Vs to 1 in. in thickness. While further testing may 
show that the number of welds might be reduced some¬ 
what, it is believed to be good practice to put on the 
nrflyimum of 6 welds as the cost per weld is so very small. 

Figure 24 shows a suggested layout for a hatch comer 
having a 20-in. radius. The weld is extended to bring 
the tapered end well away from the edge of the hatch, 
about 15 in. as shown, and a -greater distance would be 
preferable wherever practicable. 

The length of the welds is chosen so that the probable 
location of a crack would be about at the middle of the 
weld as shown by the line L, Fig. 24, 



Fig. 21—Specimea 355 


This specimen was cut from a Vrin. plate. No welds were 
applied. 

Scaling began and drop of beam was noted at a load of 32,300 
psi. At 43,900 psi., the plate broke in the brittle mode across the 
comers as shown in the photograph. 
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Fig. 22—Specimen 356 


This plate was cut irom the same large plate as Specimen 355. 
The welds were applied in the position shown in Fig. 20. 

Scaling began at a load of 21,100 psi. in the area between the 
sides of the opening and the ends of the inner welds. General 
scaling began at 27,900 psi. Drop of beam occurred at 33,000 psi. 
At 53,100 pii., the metal of the plate began pulling away from the 
lower ends of the inner welds, and at 61,300 psi., the right side 
failed in the ductile mode as shown in the photograph. 


Tests have indicated 'that the weld reinforcements do 
not have to be very long provided they bridge the prob¬ 
able location of ^e crack which may develop. For 
square comers, there is no doubt as to this location but 
for a rounded comer the crack may vary its position 
through several inches for a comer with a 20 in. radius. 
For this reason the long welds, as shown in Fig. 24, are 
suggested. 

Hatch coamings, if installed in the conventional way, 
should not interfere with the laying on of welds as shown 
in Fig. 24. Where interference does exist no thumb rule 
can be given. To determine the proper procedure in such 



Number of Welds 

Fig. 23—Curve of Gain Due to Welds Versus Number of Weldi 



cases special tests should be conducted to cover the 
situation. 

It is realized that the tests reported on in this paper 
do not by any means cover the subject. Several month* 
.of testing would not remove all the questions from thl- 
problem. It is hoped, however, that enough ground 
been covered to enable the engineer to make use of welc 
reinforcements in certain cases, especially on ships al¬ 
ready built. Welds around the comers of other openinp 
should also be found useful while the cost involv^ is in 
significant compared with the results obtained. 
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Stress Relief of Weldments for 
Machining Stability* 


Praiaoe 

This research was prompted by one of 
the survey problems, "The Relation Be¬ 
tween Temperature and Time-at-Tem- 
;>erature for Adequate Stress Relief," 
itudied by R. H. Abom and J. R. Stitt for 
the National Defense Research Com¬ 
mittee during the Fall of 1941 and the 
Spring of 1942. The findings of that Sur- 
irey were reported in their Progress Re¬ 
port dated January 15, 1942, and their 
Final Report, Serial No. M-9, under con¬ 
tract B-ISO, OEMsr-68 dated July 29, 
1942. 

Since thermal stress relief of weldments 
is dependent more upon the temperature 
to which the weldment b heated than 
upon the time it b held at the tempera¬ 
ture, thb research b a study of four low- 
alloy steeb as stress relieved at a range of 
temperatures from 900 to 1400^ F., using 
a constant time of 2 hr. The 90^ cross 
weldments used were selected by the 
author to produce specimens which will, 
because of their symmetry, build up sym¬ 
metrical residual stresses as the wdds are 
made in the four quadrants and then give 
maximum dbtortions when the weldment 
is machined. Dbtortion measurements 
are in turn used to portray the relief of 
residua] stresses. 

Abstract 

The object of thb investigation was to 
determine the effect of thermal stress re¬ 
lief treatments, having maximum tem¬ 
peratures of 900, 1000, 1100, 1200, 1300 
and 1400° F., upon the stabilities of weld¬ 
ments during machining operations. Speci¬ 
mens used throughout this investigation 
were made from four high-tensile steeb, 
namely, NE-8630, SAE-4130, NAX-X- 
9116 and NAX-X-9130. 

Curves graphically depicting the im¬ 
provement obtained by various thermal 
treatments are shown in Figs. 3-6. The 
curve for each weldment machined in the 
as-welded condition naturally shows the 
greatest motion as the weldment b ma¬ 
chined and, therefore, b the highest curve 
on the graph where it appears. Assuming 
the highest curve to be 100% on each of 
these graphs, the curves for thermal treat¬ 
ments of 900, 1000, 1100, 1200, 1300 and 
1400° F. showed motions of approxi¬ 
mately 50, 35, 21, 12, 6 and 4%, respec¬ 
tively. 

* Thia report b published with the permisnoa 
Bf the Office of ScientiSc Research eod Develop- 
meat ud with the approval of the Office of the 
Chief of Ordnance, Army Service Porca. The 
research was carried out tor the National Defense 
Research Committee by the Ohio State Uni¬ 
versity Research Foundation under an OSRD 
contract under the direction of the War Metal¬ 
lurgy Committee. 

Presented at 25th Annual Meeting of the 
Akbrican Wbloimo Socxbtt, Oct. IS-19, 1944. 
Cleveland. Ohio. 

t Associate Professor of Welding Bngineeiing, 
Bn leave, College of Engineering, The Ohio State 
University. Columbus, at present. Consulting Bngi- 
Deer, The R. C. Mahon Co. Detroit. 


By J. R. Stittt 


Strain gage calculations from the same 
specimens are tabulated in various forms. 

Five appendices supply information on 
90° cross weldments, deflection measuring 
devices, strain gage measurements, stress 
relieving and mechanical property tests. 


Abbreviations 
B Steel NE-8630 

B-1 Specimen number designation to 
indicate the first specimen 
made of B steel (all other 
specimens designated in the 
same manner) 

C Steel SAE-4130 
D Steel NAX-X-9116 
E Steel NAX-X-9130 
Kips 1000 lb. 

Pass The weld metal deposited by one 
general progression along the 
axb of the weld 

532 psi. Constant for the Berry strain 
gage used 


S-G Strain gage 

SRA Stress relief anneal 

Steeb Under Examination 

HE four steeb. NE-8630. SAE-4130, 
NAX-X-9115 and NAX-X-9130 
which were investigated throughout thb 
study were selected for the following 
reasons: 

1. AvaUability of steeb */r<Q' iu 

thickness and of sufficient size. 

2. Desirability of using steeb similar 

to those under study at Rock 
Island Arsenal in Project NRC- 
17R. 

3. The arrival of "National Emer- 

' gency" steels. 

4. Recommendation of the supervisor 

to study low-alloy steels widely 
used in the fabrication of gun 
mounts and tank parts. 



> 1 ^ 


Fig. 1—Typical Specimen, Type A 

Travel direction of passes Nos. 1, 2, 5, 6, 11, 12, 15 and 16 is toward the marked end of 
the specimen. Travel direction of passes Nos. 3, 4, 7, 8, 9, 10, 13 and 14 b In &e opposite 
direction. 

All specimens automaticallv welded with */n-in. diameter electrodes at 130 amp. and 
25 V. which consumed 18 in. of electrodes per pass (see typical record of voltage and amper¬ 
age, (Fig. Al)). 
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The above steels were arbitrarily termed 
B, C, D and B steels, respectively, and for 
convenience are recognized as such 
throughout the project. 

The chemical analyses shown in the 
table below were made to check the analy¬ 
ses furnished by the producers, and also 
to assure the investigators that the correct 
steels had been obtained. 

A comparison of these analyses with 
specifications for the several steels re¬ 
vealed that the particular samples were 
within the specified ranges except for (1) 
higher carbon in the B steel, (2) slightly 
higher manganese and appreciably lower 
chromium in the C steel and (3) lower 
manganese and chromium in D steel. 
These three steels were used even though 
it was known that they were not quite up 
to standard. Considerable time had 
elapsed before these steels were obtained 
in */i-in. plate. The investigation would 
have been seriously delayed had we united 
until steels of the exact analyses were at 
hand. 

It is believed that the wide variation in 
mechanical properties between the B and 



Fig. 2 


Analyses 


NE-8630 SAE-1130 NAX-X-9115 NAX-X-9130 

Known as * Known as Known as Known as 

5. % ^ C. % D, % E. % 


Carbon. 0.348 0.306 0.199 0.282 

Manganese. 0.74 0.64 0.45 0.73 

Phosphorus. 0,022 0.020 0.020 0.026 

Sulphur. 0.010 0.011 0.015 0.010 

Silicon. 0.345 0.235 0.709 0.752 

Nickel. 0.53 

Chromium. 0.57 0.67 0.48 0.60 

Molybdenum. 0.22 0.22 0.17 0.23 

Zirconium. ... ... 0.065 0.081 


C steels may have been caused by the 
high carbon in one and low chromium in 
the other. 

B, D and E steels were used in the hot- 
rolled condition. C steel was available 
only in the furnace-annealed condition 
which may further explain the low me¬ 
chanical properties recorded in Table XI 
for thb steel. 


effects are portrayed by the “families" of 
curves on Figs. 3-6 and also by summaries 
of strain gage differences, Tables VII-X. 

It is believed by the author that weld¬ 
ment deflection curves, such as those 
shown in Figs. 3 to 6, will enable design¬ 
ing and production engineers, after only a 
few trials, to select the stress-relieving 


temperatures with assurance that the 
particular weldments will remain withis 
the required tolerances during and afte 
each machining operation, providing dx 
weldments are machined in a manoc 
which will not cause distortions by cok 
working of the metal. 

Furthermore, if a weldment is found t 
distort too much after a certain sires.- 
relieving treatment, say 1000® F., by re¬ 
ferring to the weldment deflection curve 
for that steel it will be evident what stre.- 
relieving treatment will be necessary ot 
sirtiilftr weldments to have them meet ui' 
tolerance which is required. 

The great accuracy of the data. curT^ 
and calculations was possible because oi 
the many deflection and strain gage read¬ 
ings taken on the 53 specimens. Atotale 
approximately 1800 deflection determiti 
tions and 12,500 strain gage readings luvi 
been recorded for this project. 

The consistent "families” of curves 
the several steels would not have betc 


Concluaionj 

It has been concluded that the machin¬ 
ing of weldments in the as-welded condi¬ 
tion produces varying amounts of distor¬ 
tion in addition to altering the stress pat¬ 
terns in the specimens. Some of the fac¬ 
tors which govern the amount of distor¬ 
tion are: location and sign of the stresses, 
magnitude of the stres.ses, geometry of the 
weldment, volume of the metal removed, 
location of the metal removed, rigidity of 
the structure, yield strength of the steel, 
yield strength of the weld metal, method 
of machining, size and location of welds, 
welding technique and original tacking of 
the specimen. 

If similar specimens, in the as-welded 
condition, are machined similarly the dis¬ 
tortions will be almost identical, and 
groups of these similar specimens can be 
used to study the effect of stress relief by 
thermal or other methods. 

Such studies have been conducted on 
four low-alloy steels and the stabilizing 
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possible without the incliued measuring 
fixture devised especially for this project. 
This is shown in Pig. B2. 

Cracking was encountered in the heat- 
affected zones of welds made on this par¬ 
ticular heat of NE-8630 steel. The Ugh 
carbon naturally aggravated the tendency 
to crack. However, since the longest di¬ 
mensions of the cracks were parallel to the 
direction in which the stress measurements 
were made, and since the cracks did not 
extend to the surface (except for cracks in 
Specimen the data resulting from B 

steel specimens were only slightly affected 
by the numerous cracks. 

Sample Stress Calculations 

Since the 1-in. high upright, which re¬ 
mained after cut XIII was made on 
Specimen JE-4, produced —88, —92, —95 
and —98 dial division changes at stations 
IR, IL, 2R and 2L, respectively, these 
four differences were averaged and multi¬ 
plied by the constant 582 psi. to obtain 
49,500 psi. Therefore, 49,500 psi. com¬ 
pression was relieved by the machining 
and the 1-in. remaining piece was then 
relatively free of stresses. (See Table X.) 

Similarly Specimen £-12, stress relieved 
at 1000® F., produced (-29, -29. -27 
and —28 dial division changes) an average 
of 28.25 X 532 psi. or 15,000 psi. rdaxa- 
tion due to machining. Data on Table V 
for stations I and 2 of this specimen (£-12) 
indicate 51,600 and 45,000 psi., respec¬ 
tively, or an average for the two stations 
of 48,300 psi. The difference between 
48,800 psi. and the 15,000 psi. is 33300 
psi., which may be interpreted as the stress 
reli^ accomplished by 1000® F. stress- 
relieving treatment. 

In like manner Specimen £-8 produced 
(—12, —14, —10 and —10) an average of 
11.5 X 532 psi. - 6100 psi. Table V 
shows average of 49,050 psi. or 49,050 — 
6100 •- 42.950 psi. as the stress relief 
accomplished by the 1200® F. stress- 
relieving treatment. 

It is interesting to note from the two 
paragraphs immediately above that Speci¬ 
mens £-12 and £-8 indicate a reduction 
of stress in the order of tha t shown in the 
following calculations: 



Fig. 4 



(£-12) 


33.300 psi. 

48.300 psi. 


X 100 


69% 


(£• 8 ) 


42,950 psi. 
40,050 psi. 


X 100 


87.5% 


A comparison of these values with aver¬ 
ages from Table I is most interesting 
(i.e., £-12. 67.6 and £-8, 85.7). 

Calculations for the other steels show 
the following stresses remained after the 
various stress-relieving treatments: 


Ovez-AU Reduction in Percentage of the 
Internal Stresses 

In Table I attention should be called 


to the consistency of values at different 
cut levels. This fact leads the author to 
believe that the average values can be ex¬ 
pected to hold for smaller cuts th^n any 
which have been recorded in this investi¬ 
gation. 

In effect, the area under the curve in 
the as-welded condition might be con¬ 
sidered 100%. Were we to calculate the 
area between the as-welded condition 
curve and any of the other ctuves for the 
same steel we would find (in percentage) 
this area to be almost the same value as 
shown for the same specimen in Table I. 


Temperature of SRA 


Steel* 900* 1000* IIM* 1200* 1800» 1400* 


fi. -21,400 -16,600 -8,000 -5,300 000 • -1,200 

C. -19,100 -14,000 -6,400 -4,800 - 100 + 500 

D . -19,400 -13,800 -7300 -4,600 + 400 +1,600 

B . -21300 -15,000 -9,200 -6,100 -1,900 000 


Nora: — indicate* relaxation of eoanpraaion; indicates relaxation of tension. 


Discussion of Comparative Data Sheet, 
TaHe II 

Immediately under the specimen ntun- 
bers are listed the type of steel, kind of 
welding, number of beads, kind of elec¬ 
trode and depth and length of the speci¬ 
mens. This information supplemented 
with several footnotes describes the 
various specimens in detail. This enables 
the reader to tell at a glance that the 
variables, A-3A and A-3B, are identical 
having been obtained by cutting a 24-in. 
specimen at its mid-point. 7'-4 and T-5 
have only the one variable, the depth. 
Therefore, it is necessary to have a second 
column headed “Amount Metal Re¬ 
moved.’' This column applies to Speci¬ 
men T-5 and all others of the 4*/| in. 
depth. Specimens A-3A, A-3B and 7'-4 
are identic^ in size, type of steel, electrode 
and number of beads but vary in that 
i4-3A and A-3B were automaXically welded 
in a 24 in. length before cutting it to the 
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TABLE I 

Over-All Reduction in Percentage of the Internal Stresses Produced 
BY Thermal Treatments of B, C, D, and E Steels 

(Specimens heM at temperature for 2 hour*) 


Steel and 
Specimen 
No. 

SRA 
Temp. 
•f • 

• . 


Amount or Mbtal Removb 
( in inches) 



Aver- 

ace 

Amt. 

H 

1 

1^ 

2 

2Vb 

2% 

2% 

2% 

2% 

8-9 . 

900 

68.6 

64.8 

62.8 

62.6 

68.0 

68.0 

62.8 

61.1 

48.7 

68.0 

0-10. 

1000 

70.8 

68.2 

67.8 

68.1 

68.8 

67.6 

66.8 

68.6 

78.8 

68.7 

8-7 . 

1100 

81.8 

78.8 

78.8 

79.7 

79.2 

77.6 

76.6 

76.2 

78.9 

78.0 

8-6 . 

1200 

86.4 

88.2 

87.9 

88.6 

88.7 

88.0 

87.4 

87.1 

84.4 

87.4 

8-S . 

1800 

96.6 

96.9 

96.6 

96.6 

96.7 

96.7 

96.8 

94.1 

91.9 

96.4 

8-2 . 

1400 

94.9 

96.8 

96.0 

96.0 

96.4 

94.8 

94.0 

96.1 

98.7 

96.4 

C-11. 

000 

68.7 

68.2 

49.6 

62.6 

49.4 

47.2 

44.6 

41.0 

16.7 

46.9 

C-10. 

1000 

76.6 

66.0 

62.8 

66.0 

6^.6 

61.7 

60.2 

69.6 

44.0 

62.1 

C-7.. . 

1100 

87.6 

82.8 

81.0 

88.6 

82.8 

79.2 

79.8 

80.7 

76.4 

81.3 

C-6 . 

1200 

94.6 

92.6 

91.8 

92.0 

91.6 

90.6 

90.6 

91.0 

87.0 

91.2 

C-8. 

1800 

97.6 

98.2 

98.8 

97.2 

96.7 

96.8 

96.2 

96.0 

98.7 

96.7 

C-2. 

1400 

97.8 

97.7 

98.6 

97.7 

97.8 

97.8 

96.8 

96.6 

96.2 

97.0 

D-6 . 

900 

66.4 

48.8 

48.7 

44.0 

46.6 

48.2 

46.6 

49.0 

46.6 

46.6 

D-9 . 

1000 

71.4 

66.8 

62.6 

62.7 

64.1 

60.7 

62.2 

e .ee 

64.7 

64.2 

D-8 . 

1100 

83.8 

76.3 

76.8 

77.8 

76.6 

78.0 

74.2 

76.8 

76.2 

76.6 

P-7 . 

1200 

91.8 

86.4 

86.9 

88.0 

88.0 

86.6 

86.9 

89.1 

89.6 

88.0 

D-8. 

1800 

94.1 

98.8 

94.6 

96.2 

98.7 

92.8 

98.1 

98.6 

98.0 

98.7 

D-2. 

1400 

96.1 

96.2 

97.6 

96.6 

96.0 

94.8 

96.4 

94.0 

91.7 

96.0 

E-11 . 

900 

62.4 

67.8 

64.8 

64.8 

68.0 

61.9 

60.8 

60.0 

87.4 

62.6 

8-12 . 

1000 

70.9 

68.1 

67.1 

69.1 

68.7 

67.0 

66.1 

67.2 

66.0 

67.6 

e-9 . 

1100 

83.9 

80.2 

78.2 

79.6 

78.8 

76.8 

76.9 

76.2 

69.9 

77.6 

E-8. 

1200 

88.1 

87.1 

86.2 

86.3 

86.0 

86.6 

86.2 

86.0 

82.4 

86.7 

8-7 . 

1800 

94.8 

96.8 

96.4 

96.6 

96.1 

94.4 

94:b 

93.6 

90.8 

94.4 

0-5 . 

1400 

96.6 

97.8 

97.4 

97.1 

96.6 

96.1 

96.7 

96.6 

94.2 

96.4 


12 in. lengths while 7'-4 was prepared 12 
in. in length and manually welded. 

Deflections of Specimen A-1 are larger 
than the corresponding deflections of 
i4-3A or A-SB largely because Specimen 
A-1 continued in a curve as it passed the 
indicator dial on the inclined fixture. 
Specimens A-3A and A-3B necessarily 
have a tangent or flat spot on the curve 
near the ends thus causing a decrease in 
the over-all deflection. (See Fig. 7.) 
The tangent is caused by the saw cut dis¬ 
sipating all longitudinal residual stresses 


perpendicular to the plane of the cut at 
the surface. 

Specimen 7'-4 gives deflections in 
approximately the same ranges as those 
for A-3A and A-3B; in fact, at certain 
cuts its deflection is as close to either that 
of A-3A or A-3B as are the deflections for 
A-3A and A-3B at that particular cut. 

Specimen T-5 gives much larger de¬ 
flections than r-4. The entire increase is 
contributed to the decrease in depth and 
corresponding decrease in rigidity of 
Specimen 7’-5. 


Specimen T-fi gives considerably greater 
deflections than T-5. The alloy steel 
and electrode are thought to be responabk 
for this increase. 

Specimens B-1 and T-6 show little varia¬ 
tion in their deflections since the mlr 
difference is in the type of welding. It is 
believed that the differences in deflectkcb 
may be caused by the slightly higher an- 
perage used on T-5. 

Specimens S-4 and E-A are identica! 
except for the types of alloy steels used 
It so happens that the yield points and 
bardenabilities of the two alloy steels ia- 
volved are similar enough to give approxi¬ 
mately the same deflections. 

Specimen £-1 having the greater num¬ 
ber of beads shows slightly higher deflec¬ 
tions than shown for £-4 until the maxi¬ 
mum is reached. At this point the speci¬ 
men having the smaller number of bead; 
takes the lead. It is usually conceded that 
additional beads increase the volume of 
stressed metal which in turn should also 
increase the resulting deflections. At cut 
IX and usually thereafter it was found that 
the fint 16 beads de|>osited on £-1 ($}-.: 
of the weld metal) would have given larger 
maximum deflections if the other 4 beach 
had not been added. (The precedinf 
statement is based on the assumption that 
had £-1 been machined after the first 16 
beads it would have produced practically 
the same deflections as noted for E-i. 
This phenomenon was caused by the shgbt 
change of the geometry of the specimen 
and the difference in the location of the 
final beads in the two remaining qiud- 
rants. 

The fifty-three 90" cross-weldment 
specimens (4*/* x 1274 in.) recorded in 
Table V were prepared and automatically 
welded, as described in Appendix A. (See 
Pig. 1.) Strain gage measurements were 
used to determine compression stresses set 
up by the welding of 16 passes on each 
specimen. Calculations are reproduced iu 


TABLE 11 

Comparative Data sheet — Deflections of Various Steels 



Average deflection for oppoaite enda of specimeus in the 

“as welded' 

' condition as 

taken on the Inclined fixture using 4-iB. baw 


Specimen 


A-l* 

A-8At 

A-SBt 

r-4 


r-8 




£-1 




Mild 

Mild 

Mild 

Mild 


HUd 

NE-8680 

NE-8680 

NB-86S0 

i MAX* 

1 X*91S0 

f NAX- 
1 X-91S$ 



Automatically Welded 

Manually 

Welded 

20 

FWNo. 6 
64 

12 


Manual^ 

Welded 


Autesantically Wdded 


No. of Beads 
Electrode 
Depth 
Length 


20 

FW No. 6 
64 

24 

20 

FW No. 6 
64 

12 

20 

FW No. 6 
64 

12 


20 20 

FWNo.6 SANo.100 
44 44 

12 12 

20 

SA No. 100 
44 

124 

16 

SA No. 190 
44 

124 

20 

SA No. 100 
44 

184 

16 

SA No. 104 
44 

124 

After 

Amount 












Cut 

Number 

Metal 

Removed 

in. 

in. 

in. 

in. 

Metal 

Removed 

in. 

in. 

in. 

in. 

In. 

in. 

1 

h 

O.OOS 

0.0087 

0.0028 

0.0080 

4 

0.0062 

0.0098 

0.0076 

0.0072 

0.0086 

0 0077 

II 

% 

0.010 

0.0087 

0.0073 

0.0054 

4 

0.0136 

0.0228 

0.0206 

0.0187 

0.0281 

0.0211 

III 

IH 

0.019 

0.0168 

0.0157 

0.0146 

4 

0.0208 

0.0871 

0.0862 

0.0882 

0.0868 

0.0868 

IV 

IVi 

0.026 

0.0220 

0.0218 

0.0207 

I 

0.0272 

0.0620 

0.0609 

0.0476- 

6.0886 

0.0601 

V 

lift 

0.088 

0.0281 

0.0278 

0.0261 

14 

0.0837 

0.0640 

0.0666 

0.0626 

1.0680 

0.0647 


2% 

0.040 

0.0338 

0.0888 

0.0820 

14 

0.0406 

0.0722 

0.0768 

0.0726 

0.0792 

0.0788 


2% 

0.046 

0.0871 

0.0882 

0.0864 

14 

0.0466 

0.0778 

0.0884 

0.0786 

0.0869 

0 0789 

VIII 

8 

0.049 

0.0386 

0.0404 

0.0382 

2 

0.0606 

0.0886 

0.0664 

0.0764 

0.0886 

e.OTCX 

vin-A 

84 


0.0407 

0.0422 

0.0398 

24 

0.0643 


0.0948 

0.0882 

0.0978 

0.0668 

vni-B 

64 


0.0480 

0.0440 

0.0406 

24 

0.0685 


0.1096 

0.1049 

9.1100 

0.1084 

IX 

8% 

0.066 

0.0426 

0.0448 

0.0410 

24 

0.0698 

f 

0.1221 

0.1267 

0.1828 

0.1867 

X 

64 

0.080 

0.0241 

0.0265 

0.0262 

24 

0.0496 


0.1070 

0.1029 

0.1066 

0.1084 

XI 

44 

0.018 

0.0118 

0.0186 

0.0144 

24 

0.0216 


0.0867 

0.0616 

0.0628 

0.0592 


44 

0.014 

-0.0014 

0.0014 

0.0072 

34 

0.0082 


0.0189 

0.0284 

0.0184 

0.0201 


44 

0.002 

—0.0049 

-0.0038 

-0.0002 

84 

0.0078 


0.0049 

0.0187 

-0.0129 

0.0014 


A-l, A-SA, and A-SB strew relieved at 1800*F prior to weldins. 
Tbeae data are believed to be accurate to at least -f- 0.0002 In. 

«xeept for A-l which is witbin ± 0.001 in. 


* The deflwtioD data in thia eoinmn obtained from a aariaa of 
cuts sliabtlr different from those lisM in thie table, 
t Cut from 24-in. speetmen. 
t Machining of speolman T-4 Incomplete 
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TABLE V 

Stress Distribution in 90* Cross Weu)ment Specimens— 
“As Welded” Condition 




Strain Gage Station Number 




Strain Gage Station Number 



Specimen No. 






























1 

2 

8 

4 

6 

7 

9 

1 

2 

3 

4 

6 


9 

£-1 

47.8 

48.9 

64.3 

79.5 

62.9 

48.1 

46.0 

D-l 89.4 

88.6 

108.6 

147.9 

108.Z 

93.4 

M.: 

B-Z 

62.1 

47.1 

44.4 

72.6 

43.4 

46.6 

48.1 

£-8 87.0 

84.6 

98.9 

142.6 

106.6 

96.0 

101.1 

5-S 

61.1 

47.9 

46.8 

72.4 

47;9 

48.4 

51.6 

£-9 82.2 

80.9 

92.8 

144.4 

106.1 

96.0 

101.1 

£-4 

48.9 

46.8 

47.8 

80.3 

46.4 

46.6 

48.1 

£-10 63.8 

6G.6 

81.1 

188.0 

99.5 

94.7 

lOJi 

S-S 

60.6 

46.8 

46.8 

78.2 

45.6 

46.6 

49.7 

£-11 96.8 

90.7 

99.0 

141.6 

96.8 

82.2 


B-9 

62.7 

46.6 

42.6 

72.4 

46.6 

46.8 

60.0 

£-12 97.8 

93.6 

104.0 

146.0 

100.6 

90.4 

91.1 

B-7 

61.9 

46.8 

43.9 

71.8 

45.0 

46.2 

61.3 

£-1 60.0 

48.6 

38.8 

72.9 

44.4 

4S.2 

4S.1 

£-8 

62.1 

47.3 

46.6 

76.S 

46.0 

46.3 

52.1 

£-2 48.4 

42.8 

41.7 

80.0 

46.8 

47.1 

4T.I 

£-9 

68.2 

48.1 

46.6 

78.4 

50.3 

60.0 

49.7 

£-8 47.4 

43.1 

40.2 

76.1 

47.4 

46.8 

4a.T 

£-10 

61.1 

48.8 

46.6 

73.9 

48.4 

47.9 

61.3 

£-4 48.7 

42.1 

38.1 

73.4 

46.3 

45.8 

4S.I 

£-11 

44.2 

46.3 

50.8 

91.0 

47.4 

48.1 

42.8 


48.6 

89.4 

72.4 

46.0 

47.6 

SOi 

£-12 

49.6 

48.4 

47.3 

80.1 

49.2 

49.2 

51.1 

£-6 60.0 

46.3 

48.1 

76.8 

61.6 

46.8 

44.T 

C-! 

76.6 

63.8 

63.8 

94.2 

46.6 

40.2 

40.2 

£-7 61.9 

46.8 

45.2 

72.7 

41.0 

46.8 

49i 

C-2 

62.1 

68.2 

63.6 

108.0 

70.2 

67.6 

74.2 

£-8 62.4 

46.7 

42.6 

72.8 

47.4 

4S.4 

4>.S 

C-8 

62.4 

68.2 

63.3 

110.9 

79.6 

72.1 

77.7 

£-9 61.6 

46.2 

42.8 

76.6 

48.2 

46.8 

4;.4 

C-4 

89.8 

42.8 

61.6 

99.6 

72.1 

68.6 

78.6 

£-10 60.0 

46.0 

42.8 

78.2 

60.8 

48.4 

50 .J 

C-6 

76.8 

67.3 

67.3 

98.2 

63.2 

42.3 

88.6 

£-11 64.8 

46.6 

40.4 

78.4 

51.6 

SO.O 

53-T 

C-6 

80.9 

61.7 

78.7 

111.7 

70.2 

61.2 

63.0 

£-12 61.6 

46.0 

39.6 

74.2 

44.1 

46.8 

63.! 

C.7 

86.2 

62.0 

72.1 

111.7 

74.7 

67.8 

75.3 

•£-18 61.9 

47.9 

45.8 

83.3 

60.0 

46.5 

4«i 

C-8 

42.8 

46.8 

64.8 

108.7 

81.1 

83.8 

96.6 

£-16 58.2 

49.0 

46.6 

77.1 

47.9 

49.6 

54.0 

C-9 

77.1 

66.8 

70.8 

108.7 

69.8 

60.8 

61.1 

£-17 64.8 

60.6 

47.6 

80.9 

60.0 

62.4 

57.0 

C-10 

88.8 

69.8 

67.6 

110.4 

78.9 

68.6 

76.9 

t£-18 62.6 

48.1 

45.2 

79.6 

48.2 

48.7 

61.4 

c-n 

83.8 

68.0 

63.6 

104.0 

76.0 

70.7 

79.6 

t£-19 61.6 

47.9 

46.8 

80.9 

47.9 

47.8 

504 

C.12 

41.6 

42.0 

48.7 

97.4 

69.7 

70.2 

83.0 








D-l 

90.0 

86.2 

96.3 

139.1 

92.8 

80.1 

83.8 

* This specimen welded with a class £-6010 electrode instead 

£>-2 

83.8 

88.0 

96.4 

145.2 

105.0 

93.9 

97.4 

a class £-10010 electrode. The latter electrode was used on all apeeimen 

D-8 

88.8 

88.0 

98.1 

146.6 

106.1 

93.1 

95.2 

t The direction of 

rolling 

was taken into 

consideration when the 

D-4 

78.4 

74.0 

82.2 

142.0 

98.2 

87.6 

92.0 

specimens were prepared by sawing or 

flame eutting from 

% in. 

bar or 

D-O 

82.8 

66.8 

80.9 

187.3 

93.6 

83.0 

86.9 

^ in. plate. All specimens except £-18 and £-19 had their longer dimeo- 

sion DarftJJ*] to the direction of roJhnc 

Specimens £-18 and £-19 weie 

D-9 

87.2 

85.4 

98.2 

141.5 

95.6 

81.1 

80.9 

cut perpendicular to the direction of rolling. 





Table V to show how nearly identical the 
stresses or indication of stresses (in the 
case of deformations beyond the yield 
point) were built up in the four steels— B, 
C, D and E. All values shown are aver¬ 
ages of right and left sides of specimens for 
the particular strain gage stations and are 
given in kips per square inch. 

A careful study of the similarity of in¬ 
ternal residual stresses, or indicated 
stresses, in the weldment specimens of 
each steel prompted the author to make 


the selection of specimens shown in Table 
VI for stress relieving in the machining 
stability study. 

Discoaion of Strain Gage Data 

Tables VII, VIII, IX and X portray the 
length changes in dial divisions which 
occurred at each strain gage station after 
each cutting operation for the various 
specimens. Each dial division change is 
equivalent to an average change of 532 


psi. in the 10 in. gage length and one*cac 
readily follow the stress changes in anv 
one of the specimens as the machining 
progressed. The author would have re¬ 
placed these tables with other taUes or 
graphs showing corresponding stress 
changes were it possible to do so and not 
complicate the report. 

Each of the tables shows the dial divi¬ 
sion changes for specimens of the four 
steels in the following conditions: (1) as- 
welded; (2) after 900* F. SRA; (3) after 
1000* F. SRA; (4) after 1100* F. SRA; 
(6) after 1200* F. SRA; (6) after ISOj' 
F. SRA; and (7) after 1400* F. SR.\ 
By comparing the behavior of several 
specimens of any one of the steels in¬ 
volved, it is quite possible to visualize the 
dampening effect accomplished by differ¬ 
ent thermal stress-relieving trea tm ents 
The only apparent inconsistency in the 
four tables is where specimen B-2 indi¬ 
cates greater stress changes than speci¬ 
men BS. It is believed that this reversal 
is caused by the specimen having been 
heated approximatdy 70* F. above the 
Ai point for the B steel, which is reporteii 
to be 1330* F. Comparison can aJso be 
made, easily, of the behavior of steels 
which have been similarly treated. 

Four additional specimens of the £ 
steel have been included in Table X. page 
343. Specimens £-13 and £-4 are similar 
except that £-13 was welded with a mild 
steel electrode (Class E-6010) while £-4 
and all other specimens were welded with a 
Class E-lOOlO electrode producing 85,000 
yield strength and 100,C^ ultimate ten¬ 
sile strength. Specimen £-18 is also simi¬ 
lar to Specimen £-4, with one exception. 
Specimen £-4 and all other specimens, ex- 


TABLE VI 

Selection of Specimens for Stress Reueving 



£ STEEL (NE-8630) 



£ STEEL <NAX-X-9116) 


•B-1 

Machined in the "as welded’ 

condition 

•D-1 

Machined in the “as welded" condition 

' £-4 

.. .< .. .. 

•• 

D-4 

.. .. .. .. 

•• 

£-2 

Stress relieved at 1400*F for 2 hours 

£-2 

Stress relieved at 1400*F for 2 hours 

£-3 

.. „ .. ;300*F •* 

2 “ 

£-3 

.. .. .. 2800»F “ 

2 .. 

£-6 

•• •• •• 1200*P " 

2 •• 

Z>-6 

.. .. .. gooT “ 

2 “ 

£-7 

.. .. M iioO’F “ 

2 “ 

£-7 

•• " •• 1200*F “ 

2 •• 

£-9 

.. .. 9oO*F •' 

2 •• 

£-8 

.. .. .. iioO»F “ 

2 " 

£-10 

.. .. M jooo’F “ 

2 ” 

£-9 

„ .. .. iooo*P •' 

2 “ 


C STEEL (SAE-4180) 



£ STEEL (NAX-X-9130) 


•C-1 

Machined in the "as welded' 

condition 

•£-l 

Machined in the “as welded" 

condition 

C-4 

. 


£-4 

.. •• 

“ 

C-2 

Stress relieved at I400*F for 2 hours 

£-6 

Stress relieved at 1400*F for 2 hours 

C-8 

.. .. .. j3oo»f “ 

2 « 

£-7 

.< .. .. i80Q.p .. 

2 " 

C-6 

•• •• •• 1200*F •• 

2 '• 

£-8 

.. .. M 2200»F " 

2 •• 

C-7 

.. .. .. iioo’F •• 

2 .. 

£-9 

.. .. .. iioo*F “ 

2 " 

C-10 

•• •• «« lOOO'F “ 

2 .. 

£-11 

“ •• •• 900*F “ 

2 " 

C-11 

.. .. .. poO’P 

2 •• 

£-12 

.. .. .. j0OO*F 

2 •* 

• Specimens £-1, C-1. D-1. and £-1 welded 
with 20 pssnrs : one more pass in each quad¬ 
rant than shown in Fig. I. 

£-17 

7£-19 

JAMS 

.. .. .. ii9o»F " 

«• •• •* 1100*F “ 

Machined in the "as welded" 

2 “ 

2 " 
condition 

All other specimens welded with 16 passes. 

t£-18 




t Th« direction of rolling wa« taken into eonsiderntion when the specimene were prepared by 
■awing or flame cutting from H in. bar or % in. plate. AH specimens except A'-18 and A'-19 bad 
their longer dimension paraliel to the direction of rolling. Specimens £-18 and £-19 were cut 
perpendicular to the direction of rolling. 

t This specimen welded with a cliM £-6010 electrode instead of a class £-10010 electrode. 
The latter electrode was used on all specimens of the B, C, D, and £ steels except £-18. 
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cept £-18 and £-19, had their longest di¬ 
mension parallel to the direction of rolling. 
Specimens £-18 and £-19 were cut per- 
pendiculair to the direction of the rolling. 
Specimens £-17 and £-9 were welded and 
stress relieved similarly and are the only 
duplicates in the entire study. Specimen 
£-19 is also similar to £-9 with one ex¬ 
ception. the direction of rolling. 


From the data available, indications are 
that there is no appreciable change in 
stress for: (1) specimens welded with 
electrodes having considerable variation 
in yield and ultimate strengths; (2) speci¬ 
mens cut with their longest dimensions 
parallel to, or perpendicular to the direc¬ 
tion of rolling in either the as-welded or 
stress-relieved condition and (3) speci¬ 
mens welded and stress relieved similarly. 


Discussion of Mechanical Property Test 
Data 

The B and £ steels have acted similarly 
through the entire investigation and the 
mechanical property tests are no excep¬ 
tion. These steels indicated a decrease in 
ultimate strength for each increment in¬ 
crease in stress-relieving temperature, 
while at the same time indicating an in¬ 
crease in jdeld strengths until the tempera¬ 
ture of 1100 ^ F. was reached. Above that 
t^perature the 3rield strengths decreased. 

The other two steels indicated little 
change in yield strengths, ultimate 
strengths or per cent elongations due to 
the stress relieving, but did show a de¬ 
crease of 50% or more in yield strengths 
for specimens in the as-welded condition. 
This apparent inconsistency of yield 
strength test data is consistent in that all 
specimens which were compressed beyond 
the jdeld point before testing for tensile 
yield strength in the as-welded condition, 
produced low srield strength values, i.e., 
specimens C-1, D-1 and J7-4, which had 
all been greatly compressed during welding 
and then tested in the as-welded condition, 
showed extremely low yield strengths. 
This phenomenon is explained by the 
Bauschinger effect* which concluded “that 
the elastic limit in tension cannot be 
raised without lowering the elastic limit 
in compression and vice versa.” (See Fig. 
8.) Specimen C-4 escaped the Bauschinger 

* Bauschinger, J., Zinling, 27, 289 (1881). 



Oils Hardened and Tempered Nickel Chromium Steely 



N 



1. As received. 

2. Overstrained in compression to^ve permanent decrease of 
length of 4 per cent. Heated to 1(X)* C for 24 hours before testing. 

3. Overstrained in compression to give permanent decrease of 
length of 4.3 per cent. Heated to 100* C for 48 hours before testing. 

4. Overshained in compression to give permanent decrease tef 
length of 4 per cent Test^ 18 hours after overstrain. 

5. Test piece 4 heated 24 hours at 100* C and reloaded. 



D. As-received. 

D-1. Overstrained in compression to give permanent decrease 
of length of approximately 0.22%. Test 164 days after overstrain. 

D-4. Overstrained in compression to give permanent decrease 
of len^ of approximately 0.10%. Tested 167 Mys after overstrain. 

D-6. C^erstrained in compression to give permanent decrease 
of length of approximately 0.15%. Tested 160 days after over¬ 
strain. This specimen also subjected to 900* F. SRA, 53 days after 
overstrain. 


t Curves copied from Woolwich R. D. Report No. 45, "The Effect of Over¬ 
strain on the BlMtic Properties of Steel," by R. H. Greaves, 1920. 
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TABLE VII 


Summary of Strain Gage Differences. 90* Cross- Weldment Specimens 

B Steel (NE‘8630) 

Accumulative diftcrencee In strain sage readings calculated after each soecessive cut 
tr determine the lineal changes at the various strain gage stations. (Each dial division 
represents a change in stress of approximately 692 psi.) 


Specimen (As Welded) 


Cut 

No. 

Amt. Metal 
Removed 

IR 

IL 

2R 

2L 

SR 

3L 

4R 

4L 

6R 

5L 

6R 

6L 

7R 

7L 

SR 

8L 

1 

% 

- 10 

— 10 

— 6 

- 6 

•• 2 

- 8 

+ 2 

+ 2 

+ 9 

+ 10 

+ 12 

+ 12 

+ 16 

+ 16 

+18 

+18 

11 


— 28 

— 28 

-14 

—IS 

— 4 

- 6 

+ 9 

+ 9 

+ 29 

+ 28 

+ 84 

+ 84 

+42 

+42 

+48 

+ 49 

III 

% 

— 88 

- 88 

-28 

-21 

— 7 

- 7 

+17 

+ 19 

+ 68 

+ 68 

+ 64 

+ 65 

+80 

+79 



IV 

1 

— 68 

- 62 

-29 

-22 

— 7 

— 7 

+27 

+29 

+ 80 

+ 81 

+ 101 

+101 





V 

IH 

— 68 

- 67 

—88 

-86 

— 8 

— 8 

+89 

+41 

+ 114 

+ 114 







VI 

14 

— 78 

- 77 

-42 

—40 

— 8 

- 8 

+48 

+50 









vir 

1% 

— 88 

— 82 

—46 

-42 

— 8 

— 8 

+58 

+67 









viir 

2 

— 88 

- 81 

-47 

-48 

—12 

- 9 

+55 

+58 










8L »B 


>■46 —42 — 


- 95 -46 -41 + 6 +10 
-101 -47 -96 +16 +27 


— 1 +66 +74 


■100 -48 —47 + 2 - 8 

- 98 —67 —69 —46 —49 

- 91 -81 —88 

- 90 - 84 - 88 


Cut Amt. Metal 
No. Removed 


— 8 — 8 - 8 


Specimen B>9 (900‘F SRA—2 Hours) 

8L 4R 4L 6R 6L 6R 


8L 9R tL 


U 

4 

— 

10 

— 

9 

- 6 

— 7 

- 3 

- 2 

+ 6 

+ 4 

+ 14 

+ 18 

in 

% 

— 

16 

— 

16 

—10 

-10 

- 4 

— 3 

+ 9 

+ 8 

+ 24 

+ 23 

IV 

1 

— 

24 

— 

24 

—12 

—14 

- 3 

— 3 

+ 16 

+14 

+ 40 

+ 88 

V 

14 

— 

83 

— 

34 

— 17 

-19 

— 5 

— 5 

+ 21 

+20 

+ 66 

+ 56 

vr 

14 

— 

36 

— 

38 

-19 

-22 

- 3 

— 5 

+27 

+26 



VII 

1% 

— 

40 

— 

41 

—21 

—28 

- 8 

- 4 

+30 

+29 



VIll 

2 

_ 

39 

— 

89 

-20 

-28 

— 3 

— 5 

+26 

+26 



VIII.A 

24 

— 

41 

— 

42 

-20 

-23 

0 

— 8 

+33 

+83 



VlII-B 

24 

— 

47 

— 

46 

-22 

-22 

+ * 

+ 4 





IX 

24 

— 

52 

— 

48 

-21 

-18 

+ 10 

+ 14 





IX-A 

2'/18 

— 

52 

— 

48 

-23 

-18 

+ 7 

+ 12 





IX.B 

24 

— 

50 

— 

46 

—22 

—20 

+ 6 

+ 8 





X 

24 

— 

48 

— 

47 

—22 

—23 

+ 3 

+ 2 





XI 

24 

— 

41 

— 

45 

—30 

— 3-1 

-IS 

-23 





XU 

34 

— 

39 

— 

45 

-35 

— 42 







XIII 

34 

— 

39 

- 

44 

-35 

— 43 








+ 2 +2 + 7 + 6 + 6 + 8 +9 +6 +10 +10 +11 -it 


Cut Amt. Metal 
No. Removed 


Specimen R.IO (lOOO’PSRA—2 Hours) 


II 


— 

6 

— 

6 

- 3 

— 3 

— 2 

— 3 

+ 2 

+ 1 

+ 9 

III 

% 

— 

10 

— 

11 

— 7 

- 6 

- 8 

— 4 

+ 5 

+ 4 

+ 14 

IV 

1 

— 

16 

— 

17 

-10 

-10 

— 4 

- 6 

+ 9 

+ 8 

+ 26 

V 


— 

^2 

— 

24 

-14 

-14 

- 6 

- 6 

+13 

+12 

+ 38 

VI 

1V& 

— 

26 

— 

27 

-16 

—16 

- 5 

— 6 

+ 16 

+16 


VII 

194 

— 

28 

— 

28 

— 17 

-16 

- 5 

— 6 

+ 18 

+ 18 


VIII 

2 

— 

27 

— 

27 

-17 

-16 

- 6 

— 7 

-;-i4 

+ 16 


Vlll-A 

2H 

— 

28 

— 

29 

-17 

-16 

— 3 

- 6 

+28 

+22 


vm-B 

2V4 

— 

84 

— 

81 

—18 

— 16 

- 2 

- 1 




IX 

2% 

— 

38 

— 

88 

—19 

-13 

+ 2 

+ 7 




IX-A 

2Vio 

— 

89 

— 

88 

—20 

—18 

— 1 

+ 4 




IX-B 

2% 

— 

36 

— 

32 

-20 

-18 

- 1 

+ 2 




X 

2% 

— 

36 

— 

84 

-21 

—19 

- 6 

- 5 




XI 

2% 

— 

30 

— 

32 

-26 

-26 

-19 

-19 




XII 

814 

— 

28 

— 

81 

— 27 

-80 






XIII 


— 

28 

— 

81 

-28 

-30 















Specimen B-7 11100 

‘FSRA- 

Cut Amt. Metal 
Noe Removed 

IR 

IL 

2R 

2L 

3R 

3L 

4R 

4L 

6R 


6L 

6R 

6L 

TR 

7L 

8R 

+ 5 

+ 6 

+ 6 

+ 7 

+ 5 

+ 8 

+ 10 

+ 9 

+ 12 

+16 

+18 

+ 15 

+ 16 
+ 26 
+ 89 

+ 17 
+ 80 

+ 20 
+ 33 

+24 

+22 





— 


— 


0 

0 

+ 

1 

+ 1 

+ 2 

+ 2 

+ 

4 

+ 6 

+ 6 

11 

hi 

— 


— 

4 

- 2 

— 1 


0 

— 1 

+ 4 

+ 1 

+ 

8 

+ 9 

+ 8 

III 

94 

— 

6 

— 

6 

- 4 

- 8 


0 

- 1 

+ 6 

+ 8 

+ 18 

+ 18 

+ 16 

IV 

1 

— 

10 

— 

11 

- 6 

- 6 


0 

— 1 

+ 8 

+ 6 

+ 

20 

+ 20 

+ 24 

V 

1% 

— 

12 

— 

18 

- 7 

— 7 


0 

— 1 

+ 12 

+ 10 

+ 

28 

+ 28 


VI 

ihi 

— 

16 

— 

16 

- 8 

— 8 


0 

0 

+ 18 

+ 12 





VII 

1% 

— 

16 


17 

- 9 

- 8 

+ 

1 

0 

+14 

+ 18 





VIII 

2 

— 

16 

— 

16 

- 9 

- 8 


0 

0 

+ 12 

+ 12 





VllI-A 

2H 

— 

16 

— 

17 

— 9 

- 8 

+ 

1 

+ 1 

+ 16 

+ 16 





VlII-B 

2^ 

— 

20 

— 

18 

— 9 

- 7 

+ 8 

+ 6 







• IX 

2H 

— 

22 

— 

20 

— 8 

- 6 

+ 

7 

+ 11 







IX-A 

2-'i« 

— 

23 

— 

19 

— 9 

— 6 

+ 

5 

+ 10 







IX-B 

2'4 

— 

21 

— 

19 

— 9 

— 6 

+ 

4 

+ 8 







X 

294 

— 

20 

— 

19 

- 9 

— 7 

+ 

8 

+ 6 







XI 

2Te 

— 

17 

— 

18 

-12 

— 12 

— 

6 

— 6 







XII 

394 

— 

16 

— 

18 

-14 

— 16 










XIll 

3S 

— 

16 

— 

17 

-IS 

—16 











LacEN'P 

I. II, III, etc. indicate cut loeationa. 

See Fig 1 . 

1, 2, 8, etc., in headings, indicate strain 
gags stations. 

R in headings indicstes Right Side 
L “ •• Left Side 
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TABLE VII (Continued) 


Cut 

No. 

Ant. Meta 
Removed 

IR 

IL 

2R 

2L 

8R 

I 

% 


2 

_ 


— 2 

— 1 

- 1 

n 



8 

— 


- 1 

— 2 

— 1 

ni 

% 

— 

6 

— 

4 

- 8 

— 4 

— 2 

IV 

1 

— 

6 

— 

4 

— 4 

- 2 

— 1 

V 

114 

— 

7 

— 

8 

- 6 

— 4 

— 2 

VI 

114 

— 

9 

— 

9 

— 8 

- 6 

— 8 

VII 

1% 

— 

10 

— 

10 

- 8 

— 8 

— 3 

i'lll 

2 

_ 

14 

_ 

9 

— 8 

— 8 

- 8 

rni.A 

2H 

— 

10 

— 

10 

— 7 

- 6 

- 2 

rai-B 

214 

— 

11 

— 

10 

- 7 

— 6 

- 1 

IX 

2H 

— 

12 

— 

12 

— 7 

— 6 

+ 2 

IX.A 

2V« 

— 

14 

— 

18 

- 9 

— 8 

— 2 

iX.B 

2V4 

— 

14 

— 

18 

- 9 

- 8 

— 2 

X 

2% 


14 

— 

18 

— 9 

— 7 

— 8 

XI 

2% 

— 

12 

— 

13 

—10 

—10 

— 7 

in 

8H 

— 

10 

_ 

12 

— 9 

-10 


lUl 

8)4 

— 

9 

— 

12 

— 8 

—11 



Cut Amt. Metal 
No. Removed 

IR 

IL 

2R 

2L 

8R 

1 

>4 

+ 

1 

+ 

1 

+ 2 

+ 1 

+ 1 

11 


+ 

1 

+ 

1 

+ 1 

+ 1 

+ 1 

III 

% 

... 

1 


0 

0 

— 1 

0 

IV 

1 

— 

1 


0 

0 

— 1 

+ 1 

V 

114 

— 

1 

— 

1 

— 1 

— 2 

+ 1 

VI 

1)4 

— 

2 

— 

2 

— 1 

— 2 

+ 1 

ni 

1)4 

— 

2 

— 

1 

— 1 

— 2 

+ 2 

ni 

2 

— 

2 

— 

2 

— 1 

— 2 

+ 2 

UIA 

2)4 

_ 

8 

— 

1 

— 1 

- 2 

+ 2 

m-B 

2)4 

— 

8 

— 

1 

- 1 

— 1 

+ 2 

IX 

2% 

— 

8 

— 

1 

— 1 

— 1 

+ 8 

IX-A 

r/is 

— 

8 

— 

1 

— 1 

— 1 

+ 8 

Il.B 

2)4 

— 

8 

— 

1 

- 1 

0 

+ 2 

X 

2H 

— 

8 

— 

1 

0 

— 1 

+ 4 

u 

2% 

— 

2 

— 

2 

0 

— 2 

+ 3 


3)4 

— 

2 

— 

2 

0 

— 2 


iU 

8% 

— 

1 

— 

1 

+ 2 

0 



S|>«cimen B.« (1200*F SBA-^ Hpnn) 


8L 

4R 

4L 

6R 

6L 

8R 

0 

0 

0 

+ 1 

+ 1 

+ 2 

0 

0 

+ 1 

+ 2 

+ * 

+ 8 

0 

0 

+ 1 

+ 4 

+ 8 

+ 7 

0 

+ 2 

+ 2 

+ 8 

+ 10 

+ 12 

0 

+ » 

+ 4 

+ 12 

+ 12 


— 1 

+ 4 

+ 8 




- 1 

+ 3 

+ 8 




0 

+ 2 

+ 8 




0 

+ 8 

+ 1 





+ 2 
+ a 
+ 2 


+ I 
0 

— 6 


6L 

7R 

7L 

8R 

8L 

9R 

9L 

+ 1 
+ 2 
+ « 
+ 11 

+ 1 
+ 8 
+ 8 

0 

+ 2 

+ 7 

+ 1 
+ 8 

+ 2 
+ 8 

+ 2 

+ 1 


Specimtn B-8 (ISOO'FSRA—2 Hours) 


2L 

4R 

4L 

5R 

6L 

6R 

eL 

7R 

7L 

8R 

8L 

OR OL 

+ 1 

+ I 

0 

+ 4 

+ 

2 

+ 2 

+ 2 

+ 8 

+ 2 

+ 2 

+ 2 

+ 2 +2 

+ 2 

+ 2 

+ 1 

+ * 

+ 

S' 

+ 2 

+ 2 

+ 8 

+ 8 

+ 6 

+ 4 


+ 1 

+ 2 

0 

+ 2 

+ 

3 

+ 2 

+ 2 

+ 7 

+ 6 




+ 1 

+ 8 

0 

+ 4 

+ 

4 

+ 4 

+ 4 






+ 1 

+ 4 

+ 2 

+ 8 

+ 

8 









+ 1+4 0 

0 +4 +2 

+ 1 +4 + 1 

+ 2 +6 +4 

+ * 

+ » 

+ 8 

+ * 

+ a 

+ 1 


Specimen B-2 (UOO*F SRA—2 Hours) 

Nfc JL 2R 2L 8R 8L 4R 4L SR 6L 6R 6L 7R 7L 8R 8L 9R PL 


I 

)4 


0 

+ 

1 

— 1 

+ 2 

+ 1 

+ 1 

0 

0 

II 

)4 

— 

1 


0 

— 2 

+ 2 

0 

+ 

1 

+ 8 

+ 1 

ill 

44 

— 

2 

— 

2 

— 8 

+ 1 

— 1 


0 

+ 1 

0 

;v 

1 

— 

8 

— 

8 

— 4 

— 1 

- 8 


0 

+ 1 

0 

V 

1)4 

_ 

4 

— 

8 

— 4 

0 

0 


0 

+ 2 

+ 1 


IH 

— 

6 

— 

,5 

— 4 

— 1 

— 8 

— 

1 

+ 2 

+ 2 

n 

1)4 

— 

6 

— 

4 

— 8 

— 1 

— 1 


0 

+ 8 

+ 1 

11 

2 

— 

6 

— 

4 

— 8 

— 1 

— 1 


0 

+ 2 

0 

H.A 

2)4 

— 

4 

— 

6 

— 2 

— 2 

0 

— 

1 

+ 8 

+ 1 

II-B 

2)4 

— 

4 

— 

7 

0 

- 2 

+ 2 

— 

1 



X 

2)4 

— 

8 

— 

9 

+ 2 

— 8 

+ 6 


0 



X.A 

2Vis 

— 

S 

— 

7 

0 

— 1 

+ 2 

+ 

1 



X.B 

2)4 

— 

5 

— 

7 

0 

— 2 

+ 2 


0 



Z 

2% 

— 

8 

— 

8 

0 

— 3 

+ 2 

— 

8 



a 

2% 

— 

8 

— 

6 

— 2 

— 8 

— 2 

— 

8 



a 

8)4 

— 

8 

— 

8 

— 1 

— 2 






II 

2% 

— 

2 

— 

6 

0 

— 2 







+ 

2 

+ 

2 

+ 

1 

+ 

2 

+ 2 

+ 1 

+ 1 

+ 8 

+ 

8 

+ 

8 

+ 

2 

+ 

2 

+ 2 

+ 2 

+ 2 

+ 4 

+ 

8 

+ 

8 

+ 

8 

+ 

4 

+ 2 

+ 8 



+ 

6 

+ 

4 

+ 

4 

+ 

5 





+ 

7 

+ 

4 










Lbceno 

I, II. HI. etc. indicate cut locations. 

See Fis 1. 

1.2. 8. etc., in beadings, indicate strain 
vace stations. 

R In headings indicates Right Side 
L “ *• •' Leftside 


TABLE VIII 


Summary of Strain Gage Differences. 90° Cross Weldment Specimens 

C Steel (SAE-4130) 


Aceumulstive difTerences in strain gage readings calculated after each successive cut 
to determine the lineal changes at the various strain gage stations. (Each dial division 
represents a change in stress of approximately 682 psi.) 


Specimen C-t (As Welded) 


It 

>. 

Amt. Metal 
Removed 

IR 

IL 

2R 

2L 

3R 

3*. 

4R 

4L 

OR 

5L 

6R 

6L 

7R 

7L 

8R 

8L 

9R 

9L 


*4 

— 

14 

— 

12 

— 7 

— 7 

- 1 

— 2 

+ 7 

+ 9 

+ 

19 

+ 19 

+ 21 

+ 22 

+26 

+26 

+29 

+81 

+24 

+86 


’4 

— 

27 

— 

25 

— 15 

-17 

— 5 

- 5 

+ 14 

+ 14 

+ 

36 

+ 86 

+ 45 

+ 46 

+63 

+64 

+82 

+64 





— 

39 

— 

39 

—22 

-22 

— 6 

- 7 

+ 22 

+ 22 

+ 

67 

+ 69 

+ 71 

+ 74 

+87 

+89 






1 

— 

49 

— 

48 

-28 

-28 

- 8 

— 8 

+ 27 

+29 

+ 

75 

+ 79 

+ 96 

+ 92 








1)4 

— 

68 

— 

68 

-34 

-34 

— 11 

-11 

+ 30 

+81 

+ 

86 

+ 88 










1)4 

— 

64 

— 

62 

-36 

-36 

— 10 

- 0 

+ 35 

+36 













1^ 

— 

69 

— 

67 

-39 

-37 

-11 

- 9 

+ 37 

+44 













2 

— 

68 

— 

62 

-37 

-35 

— 13 

— 9 

+ 30 

+ 42 












• A 

2H 

— 

73 

— 

68 

-37 

-34 

— 6 

— 2 

+43 

+65 












-B 

2 >4 

— 

84 

— 

73 

-39 

—28 

+ 6 

+ 16 















2)4 

— 

97 

_ 

81 

—40 

—22 

+14 

+33 














•A 

2V»e 

— 

99 

— 

82 

—48 

-23 

+ 16 

+32 














-B 

2)4 

— 

97 

— 

81 

—43 

-23 

+ 12 

+ 31 















2)4 

— 

92 

— 

80 

-43 

—30 

+ 4 

+ 18 















2)4 

— 

80 

— 

78 

—64 

-58 

-81 

-29 















2)4 


80 

— 

74 

—68 

-67 

















3H 

— 

80 

— 

73 

-81 

—76 

















i 
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TABLE Vill (Continued) 


Cut 

No. 

Amt. Metal 
Removed 

IR 

IL 

2R 

2L 

SR 

Specimen C-11 (900 

3L 4R 4L 

•FSRA- 

6R 

—2 Hours) 

6L 6R 

IL 

7S 

7L 

IR 

IL 


N. 

1 


— 

2 

— 

1 

— 3 

0 


0 

0 

+ 8 

+ » 

+ 8 

+ 6 

+ 8 

+ 7 

+ 8 

+ 9 

+11 

+10 

+10 

+ 12 

]I 


— 

7 

— 

7 

— 6 

— 6 

_ 

2 

— 1 

+ 4 

+ 6 

+ 18 

+ 12 

+ 16 

+ 16 

+17 

+1» 

+28 

+28 



111 

% 

— 

18 

— 

12 

— 9 

- 8 

— 

2 

— 3 

+ 9 

+ 9 

+ 26 

+ 24 

+ 29 

+ 80 

+88 

+36 





IV 

1 

— 

19 

— 

19 

-13 

— 12 

_ 

3 

— 3 

+14 

+ 14 

+ 88 

+ 87 

+ 46 

+ 48 







V 

1*4 

— 

26 

— 

2S 

-18 

— 15 

— 

4' 

— 3 

+ 17 

+18 

+ 49 

+ 49 









VI 

1*4 

— 

27 

— 

26 

-19 

-16 

— 

4 

- 8 

+ 19 

+20 











VII 


— 

29 

— 

29 

-20 

—17 

— 

5 

- 2 

+21 

+24 











VIII 

2 

— 

28 

— 

26 

-19 

-16 

— 

6 

- 2 

+ 14 

+20 











VIII-A 


— 

37 

— 

29 

-26 

—18 

— 

4 

0 

+22 

+82 











VlII-B 

2% 

— 

44 

— 

32 

-26 

+ 15 

+ 

2 

+ 10 













IX 

2H 

— 

49 

— 

37 

-26 

-13 

+ 

9 

+19 













IX-A 

2*/ic 

— 

49 

— 

37 

-26 

-13 

+ 

8 

+ 19 













IX-B 

2^ 

— 

47 

— 

36 

-25 

-14 

+ 

7 

+ 16 













X 


— 

48 

— 

37 

—22 

— 12 

+ 

7 

+ 16 













XI 

2% 

— 

44 

— 

37 

-24 

— 17 

— 

1 

+ 4 













XII 

8H 

_ 

43 

— 

36 

-36 

-28 
















XIII 

SH 

— 

42 

— 

34 

-38 

-30 

















Cut Amt. Metal 
No. Removed 

IR 

IL 

2R 

2L 

8R 

Specimen C-10 (1000°FSRA—2 Hours) 

9L 4R 4L 5R 6L 6R 

IL 

7R 

7L 

8R 

8L 

»R fL 


% 

— 

8 

— 3 

0 

- 2 

- 1 

+ 2 

+ 1 

0 

+ 4 

+ 4 

+ I 

+ 7 

+ 7‘ 

+ 7 

+ 7 

+ 8 

+ 1 -1 

11 


— 

7 

— 6 

— 3 

— 6 

- 2 

0 

+ 2 

+ 1 

+ 7 

+ 7 

+ 10 

+ 12 

+12 

+14 

+14 

+16 


III 


— 

12 

- 11 

— 6 

- 8 

— 8 

— 1 

+ 4 

+ 8 

+ 14 

+ 14 

+ 19 

+ 22 

+24 

+26 




IV 

1 

— 

19 

— 17 

— 9 

—12 

— 8 

- 2 

+ 8 

+ 7 

+ 24 

+ 26 

+ 82 

+ 84 






V 

1*4 

— 

23 

— 22 

-11 

-14 

— 4 

- 8 

+ 11 

+ 9 

+ 38 

+ 84 








VI 

IVi 

— 

28 

- 22 

-11 

-18 

— 2 

— 2 

+ 14 

+11 










VII 


— 

24 

— 28 

-12 

—18 

— 2 

—. 2 

+ 14 

+ 14 










VIII 

2 


22 

- 21 

-11 

-17 

— 3 

— 2 

+ 9 

+11 










VIII-A 

2^ 


24 

— 24 

—11 

—17 

— 1 

— 1 

+ 16 

+ 15 










VIII-B 

2*4 

— 

29 

— 27 

-18 

— 15 

+ 8 

+ 6 












IX 

2% 

— 

85 

- 81 

-13 

— 14 

+ 7 

+ 14 












IX-A 

2Vi« 



















IX-B 

2V, 

— 

34 

— 29 

-14 

-16 

+ 4 

+ 11 












X 

2% 

— 

82 

— 30 

—18 

—17 

+ 4 

+ 8 












XI 

2% 

_ 

29 

— 80 

-18 

—20 

— 2 

+ 1 












XII 

8>4 

_ 

28 

— 28 

—21 

—29 














XIII 

8% 

— 

26 

— 28 

—22 

-29 















Cut Amt. Metal 
No. Removed 

IR 

IL 

2R 

2L 

8R 

Specimen C-7 (11041 

8L 4R 4L 

i*F SRA- 

5R 

—2 Hours) 

6L 6R 

6L 

7R 

7L 

8R 

4L OR Oi* 

I 

% 

_ 

1 


0 

— 1 

0 

— 

1 

0 

+ 2 

+ 2 

+ 4 

+ 1 

+ 8 

+ 4 

+ 8 

+ 6 

+ 8 

+ 4 + S +4 

U 


— 

8 

— 

2 

— 8 

— 2 

+ 

1 

0 

+ 2 

+ 2 

+ 6 

+ 8 

+ 6 

+ 6 

+ 7 

+ 8 

+ 8 

+ 8 

111 

% 

— 

5 

— 

4 

— 4 

— 4 


0 

- 1 

+ 8 

+ 8 

+ 8 

+ 7 

+ 12 

+ 9 

+ 18 

+14 



IV 

1 

— 

6 

— 

5 

— 4 

— 4 


0 

+ 1 

+ 7 

+ 6 

+ 17 

+ 18 

+ 19 

+ 19 





V 

1% 

— 

8 

— 

7 

— 6 

— 5 

— 

1 

0 

+ 9 

+ 8 

+ 20 

+ 17 







VI 

IVft 

— 

10 

— 

8 

- 6 

— 7 


0 

0 

+ 10 

+ 8 









vn 

I^ 

— 

10 

— 

8 

- 6 

— 7 


0 

0 

+ 10 

+10 









VIII 

2 

— 

10 

— 

7 

- 7 

— 7 

— 

1 

0 

+ 6 

+ 8 









VIII-A 

2H 

— 

18 

— 

7 

- 9 

- 6 

— 

1 

+ 2 

+ 6 

+ 16 









VlII-B 

2% 

— 

18 

— 

8 

-11 

— 4 


0 

+ 9 











IX 

2% 

— 

18 

— 

10 

- 8 

— 4 

+ 

5 

+11 











IX-A 

2Vl* 

— 

18 

— 

11 

— 9 

— 4 

+ 

5 

+ 9 











IX-B 

2^ 

— 

17 

— 

10 

— 10 

— 4 

+ 

2 

+ 8 











X 

2H 

— 

16 

— 

9 

—10 

— 5 

+ 

2 

+ 6 











XI 

2% 

— 

14 

— 

9 

-10 

- 8 

— 

1 

+ 1 











XII 

8H 

— 

14 

— 

9 

-14 

-11 














XIII 

8H 

— 

15 

— 

8 

—14 

—11 















Specimen C-6 < 1200*F 8RA—2 Honrs) 


Cut Amt. Metal 
No. Removed 

IR 

IL 

2R 

2L 

8R 

3L 

4R 

4L 

5R 

6L 

6R 

6L 7R IL SR SL »R »!• 

I 

% 


8 


0 

- 1 

— 1 

0 

— 1 

0 

0 


0 


0 

+ 

1 

+ 2 -1 +2 +2 +2 +1-1 

11 


— 

6 

— 

2 

— 2 

— 3 

— 1 

— 4 

0 

— 1 


0 

— 

1 

+ 

1 

+ 2 -1 +l +4 +5 

in 


— 

7 

— 

3 

- 2 

— 4 

— 2 

— 4 

0 

- 1 

+ 

2 

+ 

1 

+ 

3 

+ 4 +2 +4 

IV 

1 

— 

9 

_ 

4 

- 8 

— 6 

- 2 

— 4 

+ 1 

— 1 

+ 

4 

+ 

4 

+ 

6 

+ 8 

V 

ihi 


10 

— 

4 

- 8 

— 5 

— 1 

— 3 

+ 2 

0 

+ 

7 

+ 

7 




VI 

1V4 

— 

11 

— 

5 

— 3 

- 6 

- 1 

— 4 

+ 8 

0 








VII 

1% 

— 

12 

— 

6 

- 4 

— 6 

— 2 

- 8 

+ 8 

+ 2 







LeccKO 

vin 

2 

— 

10 

— 

5 

— 4 

— 6 

— 2 

— 4 

+ 1 

+ 1 







1,11, III, etc. indicate cut locatiOR*. 

VlII-A 

2H 

— 

12 

— 

6 

— 5 

— 6 

— 2 

— 1 

+ 1 

+ 3 







See Fis !• 

VIU-B 

2% 

— 

14 

— 

7 

— 5 

— 6 

— 2 

0 









1, 2, 8, etc., in besdinca, indicate strsia 

IX 

2% 

— 

16 

— 

7 

- 5 

— 5 

0 

+ 2 









gave stations. 

IX-A 

2Vw 

— 

16 

— 

7 

— 6 

— 6 

— 1 

+ 1 









R In beading* indicates Right Side 

L " •• •• Leftside 

IX-B 

2^ 

— 

16 

— 

7 

- 6 

— 6 

— 1 

0 









X 

XI 

2H 

2H 

_ 

16 

15 


9 

10 

— 7 

- 7 

— 7 

— 9 

— 2 
— 2 

0 

- 8 









- »«"-<•<>» \ ssss 

XII 

XIII 

8H 

8H 


14 

15 

_ 

9 

7 

— 6 

- 6 

— 8 
— 8 
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TABLE VIII (Continued) 


SpMimen C-S (1SOO*F8BA—t Uoon) 


Cut Amt. Metal 
K». Removed 

IR 

IL 

2R 

2L 

8R 

8L 

4R 

4L 

6B 

6L 

€& 

6L 

;r 

7L 

8R 

8L OR »L 

I 


_ 

1 


0 

0 

0 

0 

+ 

1 

0 

0 

+ 

1 

+ 

1 

+ 

2 

+ 

1 

+ 1 

+ 1 

0 

+ 2 +1 +1 

II 



0 


0 

0 

0 

0 

+ 

1 

+ 1 

0 

+ 

2 

+ 

2 

+ 

4 

+ 

2 

+ 8 

+ 2 

+ 8 

+ 8 

ni 

% 

— 

2 

_ 

1 

— 1 

0 

0 

+ 

1 

— 1 

+ 1 

+ 

1 

+ 

2 

+ 

4 

+ 

1 

+ 8 

+ 2 



IV 

1 

— 

2 


1 

0 

0 

0 

+ 

1 

0 

0 

+ 

2 

+ 

8 

+ 

B 

+ 

8 





V 



2 

— 

2 

— 2 

- 1 

0 


0 

+ 2 

— 1 

+ 

2 

+ 

8 









VI 

lii 

— 

8 


2 

— 2 

— 2 

— 1 


0 

— 1 

— 1 













VH 

1% 

— 

8 

— 

2 

— 1 

“ 1 

0 


0 

+ 1 

— 1 













VIII 

2 

_ 

4 

— 

2 

— 1 

— 1 

0 


0 

0 

+ 1 













vm-A 


— 

6 

>- 

1 

— 8 

0 

— 1 

+ 


— 8 

+ 0 













VIII-B 

2i4 

— 

7 


0 

- 6 

+ 2 

— 2 

+ 
















IX 

2% 

— 

0 

+ 

1 

— 6 

+ 8 

— 8 

+ 
















IX-A 

r/is 

— 

5 


0 

- 8 

+ 2 

0 

+ 
















IX.B 

2% 

— 

« 

— 

1 

— 8 

+ 1 

— 1 

+ 
















X 

2% 

— 

e 


0 

— 8 

+ 2 

— 1 

+ 
















XI 

2% 

— 

4 

— 

2 

0 

0 

+ 1 

+ 

2 















Xll 

SH 

— 

6 

— 

2 

— 1 

0 


















XUI 


— 

4 

— 

1 

+ 1 

+ * 



















it « 2L SR 


1 

% 

+ 

1 


0 

+ 

1 

— 

1 

+ 

1 

11 

Vi 

+ 

1 


0 

+ 1 

— 

1 

+ 

1 

m 

% 


0 


0 


0 

— 

2 


0 

IV 

1 


0 


0 


0 

— 

2 

+ 

1 

V 

114 

— 

1 


0 


0 

— 

2 

+ 

1 

VI 


— 

1 


0 

— 

1 

— 

8 


0 

vn 

1% 

— 

2 


0 

— 

1 


8 


0 

vm 

2 

— 

2 


0 

— 

1 

— 

8 

+ 

1 

vni-A 

2H 

— 

8 


0 

— 

2 


2 


0 

Vlll-B 

214 


4 

+ 

1 

— 

8 

— 

1 


0 

IX 

2% 

— 

6 

+ 

8 

— 

6 

+ 

2 

— 

1 

IX-A 

r/js 

— 

8 

+ 

1 

— 

1 


0 

+ 

1 

IX-B 

214 

— 

8 

+ 

1 

— 

2 

+ 

1 

+ 

1 

X 

2H 

— 

4 

+ 

2 

— 

2 

+ 

2 

■+ 

1 

XI 

2 % 

— 

2 


0 

— 

1 

— 

1 

+ 

8 

Xil 

8H 

— 

2 


0 


0 

+ 

1 



XIII 

8% 

— 

1 

+ 

1 

+ 

2 

+ 

2 




Specimen C-S (1400*F 8RA—2 Boon) 


8L 

4B 

4L 

BR 

BL 

6B 

0 

+ 1 

+ t 

+ 2 

+ 

2 

+ 2 

0 

+ 1 

+ 1 

+ 2 

+ 

8 

+ 8 

— 1 

+ 1 

0 

+• 2 

+ 

2 

+ 8 

— 2 

+ 1 

0 

+ 8 

+ 

6 

+ 4 

- 8 

0 

0 

+ • 

+ 

4 


- 4 

0 

0 





— 4 

+ 1 

0 






-4 0+1 

— S - 1 + « 

— S 
+ 1 

— 2 
— 1 

0 

— s 


6L 

7R 

7L 

8R 

8L 

OR 9L 

+ 2 

+ 4 

+ 2 

+ 2 

0 

+ 4 +2 

+ 2 

+ 8 

0 

+ 2 

- 8 


+ 2 
- 8 

+ 8 

+ 3 

LMgND 




I, II, ni, etc. Indicate ent loeatlone. 
SeeFic 1. 

1,2. S, etc., In beadinga, indicate atraln 
gage atatlona. 

B In beadinga indicataa Right Side 
L “ “ Left Side 

issass 


TABLE IX 


Summary of Strain Gage Differences. 90* Cross Weldment Specimens 

D Steel (NAX-X.9115) 


Accumulative difTcrencee in strain gage readinga calculated after each anceessive cut 
to determine the lineal changes at the various strain gage atationa. (Each dial division 
represents a change in stress of approximately 632 psL) 


Specimen D>4 (As Welded) 


Cut Amt. Meta) 
.Vo. Removed 

IR 

IL 

2R 

2L 

8R 

8L 

4R 

4L 

6R 

6L 

6R 

6L 

7R 

7L 

8R 

8L 

9R 

9L 

I 

14 

— 12 

— 7 

- 6 

— 6 

— 2 

0 

+ B 

+ 7 

+ 18 

+ 16 

+ 17 

+ 18 

+19 

+20 

+24 

+25 

+28 

+29 

11 

14 

- 20 

— 18 

—18 

—13 

— 6 

- 2 

+12 

+14 

+ 81 

+ 82 

+ 89 

+ 40 

+46 

+48 

+66 

+67 



III 

14 

— 29 

- SO 

-20 

—19 

— 8 

- 2 

+17 

+19 

+ 49 

+ BO 

+ 61 

+ 62 

+72 

+76 





IV 

1 

— 41 

— 40 

-26 

—25 

-10 

— 4 

+24 

+26 

+ 68 

+ 67 

+ 84 

+ 86 







V 

114 

- 49 

— 49 

-80 

-80 

-11 

— 6 

+80 

+82 

+ 84 

+ 86 









VI 

114 

— 64 

— 62 

-82 

-88 

—10 

- 6 

+86 

+42 











VII 

lli 

— B6 

- 62 

-86 

-84 

-11 

— 4 

+86 

+46 











VIII 

2 

— 55 

— 48 

-84 

-81 

-16 

— 5 

+28 

+88 











VIII-A 

214 

- 6« 

— 66 

-39 

—29 

-11 

+ 6 

+28 

+87 











Vlll-B 

21i 

- 78 

— 61 

—36 

—27 

+ 4 

+ 18 













iX 

2% 

— 90 

— 69 

-89 

—20 

+18 

+89 













!X-A 




















I.X-B 

214 



















X 

2% 

- 93 

— 69 

-46 

—25 

+ 6 

+81 













XI 

214 

- 82 

— 67 

-61 

—42 

—21 

— 8 













Xil 

314 

— 80 

— 66 

-67 

-69 















XIIl 

314 

— 81 

— 66 

-78 

-66 






















Specimen D>6 (900*F SRA- 

—2 Houra) 








Cat . 
No. 

AmU Metal 
Removed 

IR 

IL 

2R 

2L 

3R 

8L 

4R 

4L 

5R 

6L 

6R 

6L 

7R 

7L 

8R 

8L 

9R 

9L 

1 

14 

— 8 

— 6 

— 2 

— 2 

— 1 

— 1 

+ 2 

+ 2 

+ B 

+ 4 

+ 7 

+ 7 

+ 8 

+ 9 

+10 

+ 8 

+11 

+12 

II 

14 

— 9 

— ID 

- 6 

— 6 

— 2 

— S 

+ 4 

+ 8 

+ 18 

+ u 

+ 16 

+ 16 

+19 

+20 

+24 

+22 


III 

14 

- 17 

— 16 

— 9 

— 10 

— 4 

— 4 

+ 9 

+ 8 

+ 28 

+ 22 

+ 29 

+ 80 

+86 

+86 





IV 

1 

— 28 

- 23 

-18 

-14 

- 4 

— 4 

+14 

+14 

+ 87 

+ 87 

+ 60 

+48 







V 

114 

- 28 

— 29 

—16 

—17 

— 4 

— 4 

+ 18 

+18 

+ 48 

+ 49 









VI 

114 

- 80 

— 81 

—17 

-18 

— 4 

— 4 

+21 

+20 











vii 

1% 

- 82 

— 82 

—21 

-19 

— 4 

— 8 

+21 

+22 











vin 

2 

— 29 

- 29 

—19 

-17 

- 6 

— 4 

+ 18 

+19 











vin.A 

214 

— 85 

— 31 

—21 

—16 

- 4 

+ 1 

+ 9 

+86 











VIIl-B 

214 

— 45 

— 84 

-24 

—18 

— 1 

+ 10 













IX 

2% 

— 48 

- 89 

-22 

-11 

+ 7 

+18 













IX-A 

2Vu 

- 60 

— 89 

—28 

-11 

+ 7 

+ 18 













IX-B 

214 

— 48 

- 89 

-21 

—12 

+ 6 

+16 













X 

214 

— 47 

- 40 

-22 

-14 

+ * 

+ 18 













XI 

214 

— 41 

— 39 

-26 

—22 

- 7 

— 4 













XII 

814 

— 89 

— 87 

—34 

-88 















xin 

8% 

— 89 

— 86 

-87 

—84 
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TABLE IX (Continued) 


specimen 0-9 (lOOO'F SRA—2 Honrs) 


Cut Amt. Metal 
No. Removed 

IR 

IL 

2R 

2L 

3R 

8L 

4R 

4L 

6R 

6L 

6R 

6L 

7R 

7L 

8R 

81. 

9R »L 

I 

u 

— 4 

— 4 

— 2 

— 1 

— 2 

— 8 

— 2 

0 

+ 

6 

+ 8 

+ S 

+ 4 

+ 4 

+ 6 

+ 5 

+ 6 

+ 7 +1 

II 

Vi 

- 8 

— 1 

— 8 

— 8 

— 2 

— 4 

0 

+ 2 

+ 

8 

+ 7 

+ 9 

+ 10 

+11 

+10 

+18 

+18 


111 

K 

— 18 

-> 12 

— 7 

— 6 

— 8 

— 6 

+ 2 

+ 4 

+ 

14 

+ 18 

+ 10 

+ 17 

+20 

+20 




IV 

1 

— 18 

— 16 

- 9 

— 9 

— 4 

— 6 

+ 5 

+ 6 

+ 

28 

+ 21 

+ 28 

+ 29 






V 

1V4 

— 22 

- 22 

-12 

—12 

— 6 

— 7 

+ 8 

+ 9 

+ 

82 

+ 80 








VI 

IVi 

— 24 

— 22 

—12 

—12 

— 4 

— 6 

+10 

+12 











VII 

1% 

— 27 

— 26 

-14 

-18 

— 6 

— Z 

+ 9 

+18 











VIII 

2 

— 24 

- 22 

-14 

—12 

— 7 

— 6 

+ 4 

+18 











VIII-A 

2H 

— 29 

— 24 

—16 

—11 

— 6 

- 8 

+ 8 

+24 











VlII-B 

2V4 

- 84 

— 24 

—16 

— 8 

— 2 

+ 4 













IX 

2H 

— 87 

— 29 

—16 

— 6 

+ a 

+10 













IX-A 

2i/i« 

— 89 

— 29 

-17 

— 7 

— 1 

+10 













IX-B 

2Vi 

— 87 

— 80 

—17 

— 8 

0 

+ 7 













X 

2% 



















XI 

2% 

— 88 

— 80 

-18 

—14 

— 7 

- 8 













XII 

8Vi 

— 80 

- 27 

-28 

—20 















XIII 


- SO 

— 27 

—26 

—21 
















Cut Amt. Metal 
No. Removed 

IR 

IL 

2R 

2L 

8R 

Specimen 0-8 (1100*FSBA—SHonrt) 

8L 4R 4L 6R 6L 6R 

6L 

7R 

*L 

8R 

8L 

9R 91. 

I 

V4 


2 

— 8 

0 

+ 1 

— 1 

+ 2 

+ 8 

+ 2 

+ 6 

+ 8 

+ 6 

+ 2 

+ 4 

+ 6 

+ 4 

+ 4 

+ 6 +1 

II 

Vi 

— 

6 

— 4 

0 

— 1 

— 2 

0 

+ 2 

+ 2 

+ 7 

+ 6 

+ 9 

+ 6 

+ 8 

+ 8 

+10 

+ 9 


lU 

% 

— 

7 

— 7 

— 8 

— 2 

- 2 

- 2 

+ 8 

+ 8 

+ 11 

+ 9 

+ 14 

+ 18 

+14 

+10 




IV 

1 

— 

9 

— 9 

- 8 

— 3 

— 1 

— 2 

+ 7 

+ 6 

+ 16 

+ 15 

+ 24 

+ 20 






V 

IVi 

— 

12 

— 10 

— 6 

— 4 

— 2 

— 1 

+ 9 

+ 8 

+ 28 

+ 20 








VI 

IVi 

— 

14 

— 12 

— 6 

— 6 

— 2 

— 2 

+10 

+ 9 










VII 

1% 

— 

16 

— 18 

— 6 

— 4 

— 2 

— 2 

+10 

+12 










VIII 

2 

.. 

14 

— 11 

— 7 

— 4 

— 8 

— 2 

+ 0 

+ 9 










VIII-A 

2Vi 

— 

16 

— 12 

— 7 

— 4 

— 2 

+ 2 

+10 

+19 










VIII-B 

2V4 

— 

28 

— 18 

—10 

0 

— 1 

+ 8 












IX 

2% 

— 

26 

— 16 

— 8 

+ 1 

+ 4 

+11 












IX-A 

2»/« 

— 

26 

— 14 

— 9 

+ 2 

+ 8 

+12 












IX-B 

2Vi 

— 

26 

— 14 

—10 

+ 1 

+ 1 

+ 9 












X 

2% 

— 

24 

- 14 

— 9 

- 1 

+ 1 

+ 6 












XI 

2Vi 


19 

— 16 

— 9 

— 6 

— 2 

— 2 












XU 

8Vi 

— 

18 

— 14 

—18 

— 9 














XIII 


— 

18 

- 14 

-18 

— 9 















Cut Amt. Metal 
No. Removed 

IR 

IL 

2R 

2L 

8R 

Specimen 2>-7 (1200*F8RA—2 Honrs) 

8L 4R 4L 6R 6L 6R 

4L 

7R 

7L 

8B 

8L 

9R »L 

I 

V4 

_ 

8 

_ 

2 

— 2 

— 1 

0 

0 

— 4 

- 1 

0 

+ 1 

+ 1 

+ 2 

+ 2 

+ 1 

+ 1 

0 

+ 2 +1 

n 

Vi 

— 

8 

_ 

2 

— 1 

— 1 

0 

+ 1 

— 2 

0 

+ 8 

+ 8 

+ 5 

+ 4 

+ 4 

+ 4 

+ 4 

+ 8 


III 

% 

— 

6 

— 

6 

— 8 

- 4 

.0 

— 2 

— 2 

+ 1 

+ 6 

+ 8 

+ 8 

+ 8 

+ 0 

+ 7 




IV 

1 

— 

6 

— 

7 

— 4 

— 8 

— 1 

0 

0 

+ 8 

+ 6 

+ 6 

+ 11 

+ 10 






V 

1V4 

— 

7 

— 

8 

- 4 

— 8 

0 

0 

0 

+ 4 

+ 11 

+ 10 








VI 

IVi 

— 

8 

— 

9 

- 6 

- 6 

— 1 

— 2 

0 

+ 8 










VII 

1% 

— 

9 

— 

10 

— 6 

— 6 

— 1 

— 1 

0 

+ 4 










VIII 

2 


9 

— 

8 

— 6 

— 4 

— 1 

— 2 

— 8 

+ 4 










VUI-A 

2Vi 

— 

12 

— 

9 

— 7 

— 4 

— 2 

0 

— 6 

+10 










VlII-B 

2% 

— 

16 

— 

9 

- 8 

— 2 

— 2 

+ 6 












IX 

2% 

— 

14 

— 

11 

— 7 

- 8 

+ 8 

+ 6 












IX-A 

Vlu 

— 

18 

— 

12 

— 9 

— 8 

0 

+ 8 












IX-B 

2Vi 

— 

17 

— 

12 

— 9 

— 4 

— 1 

+ 2 












X 

2% 

— 

16 

— 

11 

— 9 

- 6 

— 1 

0 












XI 

21i 

— 

14 

— 

12 

— 9 

— 7 

- 8 

- 6 












XII 

8Vi 

— 

12 

— 

11 

— 8 

— 7 














xm 

8H 

— 

IS 

— 

10 

— 6 

— 6 















Cut 

No. 

Amt. Metal .» 
Removed 

IL 

2R 

2L 

8R 

Specimen D-4 (1800*F 8RA—2 Honrs) 
8L 4R 4L 6R 6L i 


I 

V4 


2 


1 


0 

- 1 

+ 

1 

+ 

1 


0 


0 


1 

+ 

1 


0 

+ 1 +1 

+ 2 

+ 2 +2 + 2 4 J 

11 

Vi 


0 


0 

+ 

2 

0 

+ 

2 

+ 

4 

+ 

1 

+ 

1 

+ 

1 

+ 

8 

+ 

2 

+ 8 +8 

+ 5 

+ 6 +8 

111 

\ 

_ 

2 

— 

1 

+ 

1 

0 

+ 

1 

+ 

8 

+ 

1 

+ 

1 

+ 

1 

+ 

4 

+ 

2 

+ 8 +8 

+ 5 


IV 

1 

— 

1 

— 

2 

+ 

2 

- 1 

+ 

2 

+ 

8 

+ 

2 

+ 

2 

+ 

4 

+ 

7 

+ 

4 

+ 7 



V 

1V4 

— 

2 

— 

2 

+ 

1 

— 2 

+ 

2 

+ 

2 

+ 

1 

+ 

1 

+ 

4 

+ 

8 






VI 

IVi 

— 

2 

— 

2 


0 

0 

+ 

1 

+ 

1 

+ 

1 

+ 

1 









LaSEND 

VII 

IVi 

— 

8 

— 

8 

+ 

1 

- 2 

+ 

1 

+ 

2 

+ 

1 

+ 

2 







1.11. Ill, etc. 

indicate cut locations. 

VIU 

2 

— 

2 

— 

2 

+ 

1 

— 2 

+ 

2 

+ 

1 


0 

+ 

1 







See Fid 

* 


Vlll-A 

2Vi 

— 

4 

— 

1 


0 

+ 2 

+ 

1 

+ 

6 


0 

+ 

7 







1.2.8, etc., in headings, indicate strain 

VIII-B 

2Vi 

— 

7 


0 

— 

8 

+ 8 


0 

+ 

8 











gage stations. 


IX 

2H 

— 

7 


0 

— 

2 

+ 2 

+ 

1 

+ 

8 











R in headings indicates Right Side 

IX-A 

2Vu 

_ 

6 


1 


0 

+ 1 

+ 

8 

+ 

7 











L •• 

** 

Leftside 

IX-B 

X 

2Vi 

2H 

— 

6 

6 


1 

1 


0 

0 

— 1 
— 1 

+ 

+ 

8 

8 

+ 

+ 

6 

6 












XI 

XII 

2H 

8H 

— 

8 

8 


2 

2 

+ 

+ 

1 

1 

— 2 
— 1 

+ 

4 

+ 

4 











+ indicate, contraction j 

XIII 

8Vi 

— 

2 

— 

1 

+ 

4 

+ 2 
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TABLE IX (Continued) 

Spccimta £>>2 (1400*F SRA—2 Hoon) 

S »» BR 5L 6B •L 7E a 8B «L «R 9L 

+ 8 +8 +4 + 8 +6 +8 +4 +2 +8 +8 

+ 5 + 4 + 4 + 8 +6 +4 +6 +8 

+ 4 + 8 + 4 + 2 +6 +8 

+ 8 +4 +5 +8 

+ 6+7 

Lmind 

I. II. Ill, etc. iodiut* cut locations. 

See Fl» 1. ^ 

1. 2. 8, ste.. is hesdlass. Indicate strain 
■age stations; 

R in headings indicates Right Side 
L •• •• •• Leftside 

iSSSiSSS.'S'""'”" 

+ udicu. I 

TABLE X 

Summary of Strain Gage Differences. 90* Cross Weldment Specimens 

E Steel (NAX-X-9130) 

Accumulative differences in strain gage readings calculated after each saeccsalve cut 
to determine the lineal changes at the various strain gage stations. (Each dial division 
represents a change in stress of approximatelg 882 pel.) 

Specimen £-4 (As Welded) 


Tst Amt. Hetal 
S«. Removed 

IR 

IL 

2R 

2L 

8R 

8L 

4R 

4L 

6R 

6L 

6R 

6L 

7R 

7L 

8R 

8L 

OR 

OL 

1 

14 

— 9 

— 9 

— 6 

- 7 

— 2 

- 2 

+ 6 

+ 6 

+ 12 

+ 18 

+ 18 

+' 16 

+18 

+16 

+22 

+20 

+24 

+28 

II 

hi 

— 24 

- 28 

-14 

-15 

— 4 

— 6 

+18 

+12 

+ 88 

+ 88 

+ 41 

+ 40. 

+49 

+47 

+69 

+67 



11 

% 

— 40 

— 40 

—28 

—26 

— 8 

— 9 

+24 

+19 

+ 67 

+ 67 

+ 72 

+ 71 

+86 

+86 





:v 

1 

— 67 

- 66 

-82 

-84 

-10 

—12 

+86 

+29 

+ 86 

+ M 

+107 

+108 







V 

114 

— 74 

— 74 

-48 

-46 

—16 

-16 

+44 

+87 

+114 

+116 









« 

ihi 

- 62 

— 62 

—47 

-49 

—14 

-16 

+68 

+44 











R 

1% 

— 86 

- 87 

—48 

—61 

—12 

—14 

+69 

+61 











SI 

2 

— 84 

— 86 

—48 

—49 

—14 

—14 

+61 

+49 











II-A 

2H 

- 89 

— 90 

—47 

—49 

— 9 

— 9 

+68 

+68 











R-B 

214 

— 96 

— 97 

—47 

—46 

+ 8 

+ 6 













IX 

2H 

— 118 

—102 

—49 

-89 

+12 

+24 













IX-A 

2Vis 

—114 

—102 

-61 

-89 

+11 

+26 













(X-B 

2% 

—112 

-101 

-61 

-40 

+10 

+22 













X 

214 

—106 

—100 

-62 

-46 

+ * 

+ 7 













II 

2% 

— 96 

— 98 

—68 

-68 

—42 

—41 













J1 

214 

— 90 

- 92 

—86 

—89 















.11 

314 

- 88 

— 92 

-96 

-98 
















Specimen £-11 (1)(K)*F8RA—2 Hours) 


Cot Amt. Hetal 
Its. Removed 

IR 

IL 

2R 

2L 

SR 

8L 

4R 

4L 

8R 

6L 

6R 

6L 

7R 

7L 

6R 

8L 

9R 

9L 

I 

• hi 

_ 

4 

_ 

4 

— 8 

- 8 

— 2 

— 1 

+ 1 

+ 1 

+ 6 

+ 7 

+ 6 

+ 7 

+ 7 

+ 8 

+10 

+10 

+12 

+ 12 

II 

hi 

— 

10 

— 

10 

— 7 

— 7 

- 4 

- 4 

+ 6 

+ 6 

+ 11 

+ 16 

■ + 16 

+ 17 

+19 

+20 

+26 

+24 



in 

\ 

— 

16 

— 

16 

— 11 

— 11 

- 6 

— 4 

+ 9 

+ 8 

+ 21 

+ 26 

+ 29 

+ SO 

+86 

+36 





IV 

1 

— 

24 

— 

22 

—16 

—16 

— 6 

- 4 

+16 

+18 

+ 86 

+ 40 

+ 46 

+ 49 







V 

Ihi 

— 

81 

— 

SO 

—19 

-19 

— 6 

— 8 

+22 

+20 

+ 62 

+ 68 









VI 

ihi 

— 

86 

— 

84 

-20 

-21 

- 6 

— 6 

+26 

+» 











II 

W 


89 

— 

87 

-21 

-22 

— 6 

— 4 

+29 

+26 











:ii 

2 

— 

38 

_ 

86 

-22 

—22 

— 6 

— 6 

+26 

+24 











lU-A 

2hi 

— 

40 

— 

89 

-21 

-22 

- 8 

— 2 

+88 

+80 











III-B 

2hi 

— 

46 

— 

48 

—23 

—21 

+ 1 

+ 5 













IX 

2*4 

— 

63 

— 

46 

-22 

— 17 

+ 8 

+17 













IX.A 

2V.« 

— 

54 

— 

44 

-24 

-17 

+ 6 

+ 18 













IX-B 

24 

— 

62 

— 

44 

—24 

—19 

+ 4 

+ 13 













X 

24 

— 

61 

— 

44 

—28 

-21 

+ 1 

+ 9 













XI 

24 

— 

45 

— 

42 

-29 

-28 

—18 

— 9 













II 

84 

— 

43 

— 

41 

-86 

—88 















li 

84 

— 

43 

— 

41 

-87 

-89 
















I 

14 

+ 

1 

+ 

1 

+ 1 

+ 1 

+ 1 

+ 1 

+ 1 

+ 2 

11 

hi 

+ 

2 

+ 

1 

+ 1 

+ 2 

+ 1 

+ 2 

+ 1 

+ 2 

U 

\ 


0 

+ 

1 

- 1 

+ 1 

— 1 

+ 1 

0 

+ 2 

V 

1 


0 

+ 

1 

0 

+ 1 

0 

+ 1 

+ 1 

+ 2 

V 

1% 


0 


0 

0 

+ 1 

0 

+ 2 

0 

+ 8 

ri 

114 


0 


0 

- 1 

+ 1 

— 1 

0 

0 

+ 2 

u 

1% 

+ 

1 


0 

- 1 

+ 1 

— 1 

+ 1 

+ 1 

+ 2 

n 

2 


0 


0 

— 1 

+ 1 

0 

+ 1 

— 1 

+ 8 

D-A 

314 

— 

I 

+ 

1 

- 2 

+ 8 

- 2 

+ * 

— 4 

+12 

U-B 

21i 

— 

2 

+ 

2 

— 4 

+ 6 

— 8 

+ 6 



X 

3H 


0 

+ 

1 

— 1 

+ 8 

— 1 

+ 4 



X-A 

Vii* 

_ 

1 

+ 

1 

0 

+ 8 

0 

+ 4 



1.B 

214 

— 

1 

+ 

1 

+ 1 

+ 4 

+ 2 

+ 6 



X 

2H 

— 

2 


0 

+ 1 

+ 6 

+ 8 

+ 6 



u 

214 


0 

— 

1 

+ 2 

+ 4 

+ 4 

+ 6 



D 

114 


0 

— 

1 

+ 8 

+ 5 





n 

t% 

— 

1 


0 

+ 6 

+ 8 






Specimen £-12 (lOOO'F SRA—2 Hours) 


III Amt. Metal 
-'■D- Removed 

IR 

IL 

2R 

2L 

3R 

8L 

4R 

4L 

1 

14 


8 

— 2 

- 2 

— 1 

0 

+ 1 

0 

+ 2 

11 

14 


6 

— 6 

— 6 

— 4 

— 1 

— 2 

+ 2 

+ 8 

II 

14 


13 

— 12 

- 8 

- 8 

- 8 

— 8 

+ 4 

+ 6 

rv 

1 

_ 

19 

— 17 

-11 

—11 

— 4 

— 5 

+ 7 

+ 9 

V 

114 

— 

26 

— 28 

-15 

—14 

— 6 

- 6 

+ 11 

+ 14 

VI 

114 

— 

27 

— 26 

—16 

-16 

— 6 

— 6 

+ 18 

+16 

lI 

114 

— 

28 

- 27 

—16 

-16 

- 8 

- 4 

+16 

+ 17 

III 

2 

_ 

27 

— 27 

—16 

-16 

- 4 

— 7 

+ 14 

+ 11 

III.A 

214 

— 

27 

— 28 

-16 

-17 

— 2 

- 6 

+22 

+ 16 

III-B 

214 

_ 

81 

— 88 

-16 

-17 

+ 2 

— 1 



IX 

314 

— 

85 

— 87 

-14 

-16 

+ 10 

+ 7 



IX-A 

2Vi" 

— 

87 

- 87 

-16 

-16 

+ 6 

+ 6 



IX-B 

214 

_ 

84 

— 86 

-16 

-16 

+ 6 

+ 3 



X 

214 

— 

85 

- 35 

-18 

-17 

+ 1 

+ 1 



XI 

214 

— 

81 

- 81 

—28 

-22 

-14 

-13 



:il 

314 

— 

80 

— 80 

—27 

-27 





HI 

314 

— 

29 

- 29 

-27 

—28 






5R 

6L 

6R 

6L 

7R 

7L 

8R 

8L 

9R 

9L 

+ 4 

+ 4 

+ 7 

+ 7 

+ 7 

+ 7 

+ 8 

+ 9 

+ 11 

+ 11 

+ IQ 

+ 18 

+ 18 

+ 18 

+17 

+16 

+ 17 

+ 19 



+ 17 

+ 18 

+ 22 

+ 22 

+28 

+27 





+ 26 

+ 28 

+ 86 

+ 86 







+ 88 

+ 89 










Lbokns 

I, II, III, etc. indicate cut locations. 

See Fig 1. 

1. 2, 8, etc., in headings, indicate strain 
gage stations. 

R in headings indicates Right Side 
L *' Left Side 

+ ,ndl„,Ion j •".'•Sr.Tffit" 
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STRESS RELIEF OF WELDBAENTS 


343-s 



Cut Ant. Metal 
No. Bamoved 


I 

II 

% 


0 

8 

- 

1 

8 

— 2 

— 4 

— 8 
— 5 

— 1 
— 1 

III 

% 

— 

6 


7 

- 6 

— 6 

— 2 

IV 

1 


8 

— 

9 

— 7 

— 7 

— 2 

V 

IK 

— 

12 

— 

18 

- 8 

— 9 

— 2 

VI 

IK 

— 

14 


16 

—10 

-10 

— 2 

VII 

IK 

— 

IS 

— 

16 

—10 

—10 

— 2 

vin 

2 

— 

16 

— 

16 

—10 

—10 

— 8 

VUl-A 

2K 

— 

1« 


17 

-10 

—10 

— 1 

vm-B 

2K 


20 

— 

19 

—11 

— 9 

+ 2 

'IX 

i% 


24 


20 

—11 

- 6 

+ * 

IX.A 

r/ie 

— 

24 

— 

20 

—18 

- 6 

+ 8 

IX-B 

8K 

— 

28 

— 

19 

—18 

— 7 

+ 2 

X 

i% 

— 

28 

— 

20 

—18 

— 8 

+ 2 

XI 

2% 

— 

19 

— 

19 

-14 

-12 

— 6 

XII 

8K 


17 

_ 

19 

-16 

-16 


XIII 

8K 

— 

17 

— 

19 

-16 

-17 



TABLE X (Continutd) 

Specimen <1109*FSRA—2 Hour*) 

SL 4R 4L SR 5L 6R 


Cot Amt. Metal 
No. Removed 


Specimen E-^ (1S00*F SRA—2 Heon) 

8L 4R 4L SR SL 6R 


VI 

IK 

— 9 

— 11 

— 7 

— 7 

— 4 

VU 

IK 

— 11 

— 12 

- 8 

— 7 

— 4 

vm 

2 

- 11 

— 12 

— 7 

- 6 

— 4 

vm-A 

2K 

— 11 

— 18 

— 8 

— 6 

— 8 

VUI-B 

2K 

— 14 

— 14 

— 8 

— 6 

— 2 

IX 

2K 

— 16 

- IS 

— 0 

— 4 

-I- 1 

IX-A 

2»/je 

— 18 

— 17 

-11 

- 6 

— 2 

IX-B 

2K 

— 18 

— 17 

—11 

— 7 

— 8 

X 

2K 

— 16 

— 16 

—10 

— 7 

— 8 

XI 

2K 

- 19 

— 16 

-10 

—10 

— 6 

XII 

8K 

- 12 

— 14 

—11 

—10 


XIII 

8% 

— 12 

— 14 

—10 

—10 



Cut Amt. Metal 
No. Removed 


Specimen £-7 (1800'FSRA—SHoora) 


— 1 

— 1 

— 1 

0 

+ 1 

+ 1 

— 2 

— 2 

- 2 

0 

+ 2 

+ 1 

— 2 

— 8 

— 1 

— 1 

+ 1 

0 

— 2 

— 2 

— 1 

0 

+ » 

+ 2 

— 1 

— 2 

— 1 

0 

0 

+ 1 

- 2 

- 2 

— 1 

- 1 

+ 2 

+ 2 

- 2 

— 1 

— 1 

+ 1 


— 1 

— 1 

+ 2 

+ 1 



— 1 

0 

+ 1 

+ .2 



— 1 

0 

+ 2 

+ 2 



— 1 

0 

0 

+ 2 



— 1 

0 

+ 1 

0 



— 2 

0 






SR 

SL 

6R 

6L 

+ 2 

+ 3 


0 

+ 6 

+ 6 

4- 6 

+ 

8 

+ 1 

+ 6 

+ 6 

+ 

8 

+ 7 

+ 8 
+ 10 

+ 9 
+ 12 

+ 

6 

+ 11 


Cut Amt. Metal 
No. Removed 


Specimen £-S (140(I*F SBA—2 Moun) 


VII 

IK 


0 

_ 

8 

+ 1 

_ 

8 

VIII 

2 

— 

1 

— 

8 

0 

_ 

8 

vni-A 

2K 

— 


— 

4 

0 

— 

8 

VIIl-B 

2K 

— 


— 

4 

0 

_ 

8 

IX 

2K 

— 



4 

0 

_ 

8 

IX-A 

2»/je 

— 

1 

— 

4 

0 

— 

8 

IX-B 

2K 

— 


— 

4 

0 


8 

X 

2K 


0 

— 

6 

+ 1 

— 

8 

XI 

2K 

+ 

»'l 

— 

4 

0 

_ 

8 

XII 

8K 

— 


— 

S 

0 

_ 

4 

XIII 

SK 

+ 

1 

— 

8 

-i- 8 

— 

1 


8L 

4R 

4L 

SB 

SL 

6R 

6L 

7B 

7L 

8R 

SL 

+ 1 

+ 1 

+ 1 

+ 

2 

+ 

1 

+ 

2 

+ 

2 

+ 8 

+ 2 

+ 4 

+ 8 

+ 2 

+ 1 

+ 1 

+ 

2 

+ 

1 

+ 

2 

+ 

8 

+ 8 

+ 8 

+ 4 

+ 2 

0 

+ 2 

+ 2 

+ 

2 

+ 

2 

+ 

2 

+ 

8 

+ 4 

+ 4 



0 

+ 8 

+ 1 

+ 

8 

+ 

2 

+ 

8 

+ 

4 





— 1 

+ 1 

0 

+ 

8 

+ 

8 










SL »K »1 


Lmknd 

I, II, III. etc. indicate cot loeaUetm. 

See Fic 1. 

1.2,8, etc., in heading*, indicate atraia 
gage atationa. 

R in bcadingi indicate* Right Side 
L “ ** “ L^tSide 
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TABLE X (Continued) 


Specimen f-lS (AaWddcd) 


Cit Ant Heta) 
Ha BsBM>ved 

IR 

IL 

2R 

2L 

3R 

8L 

4R 

4L 

5R 

6L 

dR 

6L 

7R 

7L 

8R 

8L 

9R 

9L 

I 

H 

— 6 

— 7 

— 8 

— 5 

— 1 

0 

+ 5 

+ 4 

+ 9 

+ 10 

+ 11 

+ 18 

+ 16 

+15 

+19 

+17 

+ 19 

+21 

n 

H 

- 19 

- 20 

—11 

—18 

— 8 

— 6 

+11 

+10 

+ 27 

+ 28 

+ 36 

+ 86 

+43 

+42 

+61 

+50 



u 

% 

— 95 

- 35 

—20 

-22 

— 6 

— 6 

+19 

+ 18 

+ 50 

+ 61 

+ 63 

+ 64 

+78 

+76 





V 

1 

— 50 

— 51 

— 29 

-32 

— 9 

—10 

+29 

+27 

+ 76 

+ 78 

+ 97 

+ 99 







V 

IH 

— 67 

- 68 

-40 

—42 

— 13 

— 14 

+87 

+34 

+ 102 

+ 103 









11 

IH 

- 77 

- 77 

-49 

-46 

-12 

— 13 

+46 

+44 











n 

Ik 

— 81 

— 81 

—45 

-46 

—12 

-12 

+60 

+60 











u 

9 

— 82 

— 80 

—47 

— 46 

-14 

— 12 

+48 

+64 











Q-A 

2k 

- 89 

— 83 

-48 

-43 

- 9 

— 3 

+56 

+78 











D-B 

tk 

— 99 

- 88 

—49 

—39 

— 1 

+12 













1 

ik 

—114 

— 92 

— 51 

—31 

+ ^ 

+32 













LA 

Flu 

—114 

- 95 

—51 

-91 

+10 

+34 













LB 

2k 

-113 

— 93 

-49 

-31 

+ 12 

+84 













I 

2k 

—107 

- 88 

-47 

—89 

+ 10 

+21 













J 

2k 

- 94 

- 94 

-60 

—62 

—28 

-26 













1 

3k 

- 88 

— 99 

-79 

-86 















1 

3k 

- 88 

- 92 

-89 

—95 
















Specimen f-17 (1100*P SRA—2 Hours) 


It 

a 

Amt. Metal 
Bemoved 

IR 

IL 

2R 

2L 

3R 

8L 

4R 

4L 

6R 

6L 

6R 

6L 

7R 

7L 

8R 

8L 9R 9L 

I 

k 


2 

_ 

2 

— 1 

— 1 

+ 1 

— 1 

+ 1 

0 

+ 

4 

+ 8 

+ 4 

+ 6 

+ 3 

+ 5 

+ 6 

•f 6 +7 4-6 

1 

k 

— 

5 

— 

6 

— 3 

— 3 

0 

— 2 

+ 2 

+ 1 

+ 

7 

+ 7 

+ 9 

+ 8 

+ 10 

+ 10 

+ 12 

+11 

1 

k 

— 

9 

— 

10 

— 5 

— 5 

— 1 

— 3 

+ 4 

+ 8 

+ 

13 

+ 13 

+ 16 

+ 16 

+ 18 

+ 19 



r 

1 

— 

12 

— 

12 

— 7 

— 6 

— 1 

— S 

+ 7 

+ 6 

+ 

19 

+ 21 

+ 25 

+ 25 





r 

Ik 

— 

16 

— 

17 

- 9 

- 9 

— 2 

— 4 

+ 10 

+ 8 

+ 

27 

+ 28 







I 

Ik 

— 

17 

— 

17 

-10 

— 9 

— 1 

— 8 

+ 12 

+ 10 










1 

Ik 

— 

19 

— 

19 

— 10 

—10 

- 1 

— 3 

+ 18 

+ 13 










[ 

2 

— 

18 

— 

18 

— 10 

-10 

- I 

+ 3 

+ 10 

+ 11 










l-A 

2k 

— 

19 

— 

19 

— 10 

—10 

0 

- 2 

+ 12 

+14 










l-B 

2k 

— 

23 

— 

22 

—11 

-10 

+ 2 

+ 2 













2k 

— 

27 

— 

23 

— 12 

— 8 

+ 6 

+ 8 












•A 

2»/is 

— 

26 

— 

22 

—11 

- 8 

+ 4 

+ 7 












•B 

2k 

_ 

25 

— 

22 

-11 

— 9 

+ 8 

+ 4 













2k 

— 

24 

— 

22 

— 12 

— 10 

+ 1 

+ 1 













2k 

_ 

20 

— 

20 

—14 

—16 

— 9 

—11 













3k 

— 

19 

— 

20 

-17 

-19 















3k 

— 

19 

— 

20 

— 17 

—19 















Specimen £r>18 (As Welded) 


A 

1. 

Ant. Metal 
Removed 

IR 

IL 

2R 

2L 

3R 

3L 

4R 

4L 

5R 

5L 

6R 

6L 

7R 

7L 

8R 

8L 

9R 

9L 

1 

k 

— 8 

— 7 

— 6 

- 6 

— 2 

— 2 

+ 5 

+ 6 

+ 12 

+ 12 

+ 15 

+ 14 

+ 18 

+ 17 

+20 

+21 

+24 

+23 

1 

k 

— 23 

- 23 

-14 

—16 

— 4 

— 6 

+ 12 

+ 11 

+ 32 

+ 32 

+ 41 

+ 41 

+49 

+ 48 

+57 

+57 



I 

k 

— 38 

- 40 

-28 

—25 

— 8 

— 8 

+ 20 

+ 19 

+ 56 

+ 57 

+ 71 

+ 70 

+85 

+ 85 






1 

— 55 

- 58 

-33 

-37 

-10 

-11 

+30 

+29 

+ 86 

+ 86 

+ 108 

+ 106 








Ik 

— 72 

— 74 

—43 

—45 

— 14 

—14 

+41 

+38 

+ 114 

+114 









I 

Ik 

— 81 

- 83 

-47 

-60 

-IS 

—14 

+.48 

+45 











1 

Ik 

— 85 

— 88 

—49 

—62 

— 13 

-14 

+63 

+52 











1 

2 

— 83 

- 83 

—47 

-48 

-14 

— 12 

+ 48 

+62 











•A 

2k 

- 8a 

- 87 

—47 

—17 

— 7 

— 4 

+ 62 

+ 69 











•B 

2k 

-101 

— 96 

-48 

-44 

+ 3 

+ 10 














2k 

— 115 

-106 

— 50 

-42 

+ 12 

+ 27 













•A 

2'/jft 

— 114 

-106 

-49 

-42 

+ 13 

+26 













•B 

2 k 

—no 

-104 

-49 

—43 

+ 11 

+21 














2k 

— 104 

—106 

-48 

-60 

+ 7 

+ 8 














2 k 

— 91 

— 100 

-58 

— 71 

-23 

-33 














3k 

— 91 

- 96 

— 83 

-89 
















3% 

- 88 

- 97 

-89 

— 100 
















Specimen £-19 (1100‘FSRA—2 Hours) 


[ 2R 2L 3R 3L 4R 4L 



k 


2 


2 

— 2 

— 2 

_ 

2 

+ 1 

+ 2 

+ 1 


k 

— 

5 

— 

5 

— 3 

— 4 

— 

2 

0 

+ 3 

+ 2 


k 

— 

8 

— 

9 

— 5 

— 6 

— 

2 

0 

+ 5 

+ 4 


1 

— 

11 

— 

12 

— 6 

— 7 

— 

1 

+ 1 

+ 8 

+ 8 


Ik 

— 

16 

— 

16 

- 8 

— 9 

— 

1 

+ 1 

+ 11 

+ 11 


Ik 

— 

17 

— 

19 

— 9 

-10 

— 

1 

0 

+ 13 

+ 13 


Ik 

— 

17 

— 

20 

— 9 

-10 

_ 

1 

0 

+ 14 

+ 15 


2 

— 

17 

— 

19 

- 9 

-1(1 

— 

1 

0 

+ 10 

+ 12 

A 

2k 

— 

18 

— 

20 

— 9 

-11) 


0 

+ 1 

+ 14 

+ 16 

B 

2 k 

— 

22 

— 

22 

-10 

— 9 

+ 

2 

+ 6 




2H 

_ 

26 

— 

22 

— 11 

- 6 

+ 

■1 

+ 13 



A 

F/io 

_ 

26 

— 

21 

-12 

— 6 

+ 

3 

+ 13 



B 

2k 

— 

26 

— 

22 

— 12 

— 7 

+ 

1 

-t 10 




5R 6L 6R 6L 7R 7L 8R 8L 9R 9L 


+ 

3 

+ 

2 

+ 

4 

+ 

5 

+ 4 

+ 4 

+ 3 

+ 5 

+ 

6 

+ 

5 

+ 

8 

+ 

8 

+ 10 

+ 10 

+ 10 

+ 9 

+ 

12 

+ 

10 

+ 

15 

+ 

14 

+ 19 

+ 18 



+ 

20 

+ 

18 

+ 

26 

+ 

24 





+ 

28 

+ 

26 










Lkend 

1,11, 111, etc. indicste cut locstions. 

See Fig 1. 

1. 2. 9. etc., in headings, indicate strain 
gage stations. 

R in headings indicates Right Side 
L *' ■' " Leftside 


2H 

— 24 

— 22 

— 11 

- 9 

2k 

— 20 

- 21 

-13 

— 14 

3k 

— 20 

- 21 

-16 

— 18 

3k 

— 19 

— 20 

-16 

— 17 


- i«>aicate. elongation j 
+ indicate, contraction | 
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TABLE XI 


Mechanical Property Test Data 


B Steel —NE-8630 

C Steel —SAE-4180 

Condition 

Speci¬ 

men 

No. 

Yield 

Strength 

Ultimate 

Tensile 

Strength 

% Elon¬ 
gation 
in 2 in. 

Speci¬ 

meD 

No. 

Yield 

Strength 

Ultimate 

Tensile 

Strength 

% Elon¬ 
gation 

In 2 in. 

AsRee’d. 

B 

05.600 

116,700 

28.0 

C 

47.000 

86,200 

28.6 

•As Welded 

B-1 





22,800 

48.700 

88,600 

96.800 


•As Welded 

B-4 

61,200 

118,200 

14.0t 

C-4 

82.0 

•00*P SBA 

B-2 

72,400 

116,400 

22.6 

C-11 

46,600 

84,000 

84.0 

1000*F •• 

B-IO 

82,100 

116,100 

24.6 

C-10 

46,000 

88.400 

86.0 

HOOT •• 

B-7 

86.100 

113,600 

23.6 

0-7 

46,400 

81,200 

86.0 

1200'F '• 

B-O 

80,100 

106,200 

26.0 

0-6 

48,700 

80,000 

84.6 

ISOO'F •• 

B-3 

71,600 

66.600 

27.0 

0-8 

40.200 

79,900 

86.6 

1400*F “ 

B-2 

49.800 

92,600 

86.0 

0-2 

44.000 

77,800 

884 

D Steel —NAX-X-9116 

E Steel — NAX-X-91S0 

Condition 

Speci¬ 

men 

No. 

Yield 

Strength 

Ultimate 

Tensile 

Strength 

% Elon¬ 
gation 
in 2 in. 

Speci¬ 

men 

No. 

Yield 

Strength 

Ultimate 

Tensile 

Strength 

% Elon¬ 
gation 
in 2 In. 

As Bce’d. 

D 

44.000 

79.200 

87.6 

B 

61,200 

120.000 

81.0 

•As Wdded 

D-l 

21,060 

79,600 

87.0 

B-1 

78.800 

122,800 

18.6 

•As Welded 

D~4 

29,800 

80,700 

86.0 

B-4 

78,200 

122,600 

22.0 

»00*F SBA 

0-6 

42,700 

80.700 

86.0 

B-ll 

79,900 

118,000 

16.0 

1000*F " 

D-» 

40,000 

80,600 

86.6 

B-12 

82,700 

117.600 

H.0t 

HOOT *• 

DS 

44,000 

80.000 

88.0 

jB.l7 

lB-9 

86.700 

86,800 

118,600 

117,800 

21.0 

21.0 

1200*P ** 

D-7 

46.600 

78,100 

88.0 

B-8 

76,600 

114,800 

28.0 

1300T “ 

B-S 

46,600 

74,600 

89.0 

B-7 

79,800 

108,000 

27.0 

1400*F “ 

B-a 

42,600 

72,400 

894 

B-6 

62,700 

82,200 

87.6 


* 600 *F prriiMt for flamo eattlDp from plate, 
t Break throopb pace Use eaoeinc tUa vahM to be low. 


effect because the portion of the specimen 
used for mechanical property tests was 
originally near an edge of the normalized 
plate and thereby increased sufficiently in 
yield strength so that it was not com¬ 
pressed to the extent that plastic flow took 
place. 

APPENDIX A 
90° CioM Weldments 

Studies have been made on the thermal 
stress relieving of both base metal and 
weld metal by William C. Stewart* and 
others. Other investigators have used 
specimens composed of base and weld 
metal. A survey of the literature indicates 
that none of these studies will predict ex¬ 
actly how weldments will distort upon ma- 
vhining, and many of the tests on com¬ 
posite specimens have been complicated 
by the geometry of the specimens. 

The author, therefore, after consider¬ 
able study selected the 90 ° cross-weldment 
specimen as early as Sept. 16, 1941, for a 
study on machining stability. The 90° 
cross-weldment specimen has the follow¬ 
ing advantages: 

1. It is symmetrical about all three 
main axes. 

2. It provides study of the longitudi¬ 
nal stresses without being greatly in¬ 
fluenced by the stresses in the other direc¬ 
tions. 

3. It is extremely sensitive to any un¬ 
balancing of longitudinal stresses particu¬ 
larly to the unbalancing of stresses 
accomplished by the removal of base or 
weld metal. 

4. A reasonable amount of lateral dis¬ 
tortion in a specimen has little or no effect 
upon strain gage calculations from the test 
data .since an average of the two sides 

* Seaior MetAllurKist, U. S. Navsl EDgineeriag 
Bipehmeol Station, Annapolis, Md. 


gives data similar to that of an ideal or 
perfectly straight specimen made under 
the same conditions. 

5. Check deflection readings are pos¬ 
sible from this specimen by using first one 
and then the other end on the Inclined fix¬ 
ture. See Appendix B. 

6. It may be fabricated from a nominal 
amount of one thickness of plate (Vrin. 
plate used throughout this research). 

7. It is not too bulky or heavy to 
handle. 

8. It is a convenient size for stress re¬ 
lieving and machining. 

9. It requires only the simplest of 
welding. 

10. It is similar to many welded 
structural joints used commercially and 
therefore is understood by the practical 
man. 

11. Base metal cracks in the heat- 
affected zones, particularly longitudinal 
cracks which do not propagate to the sur¬ 
face, have little effect on test results. 

12. It provides three studies from the 
same specimen (i.e., deflection, strain gage 
and mechanical property). 

Preparation, Welding, Machining and 
Measuring of Specimens 

Fifty-three specimens, S-1 to B-12, 
inclusive, C-1 to C-12, inclusive, D-\ to 
D-12, inclusive, £-1 to £-13, inclusive, 
and £-16 to £-19, inclusive, were pre¬ 
pared, welded and then subjected to vary¬ 
ing portions of the following outline: 

1. Large plates as received from the 
mill were flame cut at room temperature 
to facilitate handling and preheating of 
smaller plates. 

2. The small plates were then furnace 
preheated to 600° F. for flame cutting to 
reduce machining difficulties caused by 
the bardenability tendencies of the plates. 

3. Test pieces were flame cut approxi¬ 


mately */i in. oversize from the various 
small plates and cooled slowly overnight 
in the furnace from 600° F. 

4. All cross bars were machined to 
IVt X Vi X 12 V 4 in., and all uprights wm 
machined to 2 x */i x 12^/4 in. 

5. One 2-in. upright per specimen wa‘ 
drilled and counter sunk using a size 
drill and counter sink at both ends for de¬ 
flection locating holes Vi in. from edge 
(See Fig. 1.) 

6. Foiu contact areas per specimeD 
were surface ground on the edge of the 
2-in. upright nearest the locating boles 
used for deflection measurements. 

7. Thirty-six strain gage holes were 
drilled with a No. 56 drill in one crossbar 
and two uprights constituting one speci¬ 
men. Two holes were drilled per statioo. 
1 to 9, inclusive, on the right and leh 
sides of each specimen. Station 1 was 
located */% in. from surface-ground edge. 

8. Strain gage readings were taken and 
recorded as "before tacldng." (Fig. Cl 
and Fig. C2 are photographic copies of 
pages taken from ^e Data Book.) 

9. Initial inclined fixture readings 
were taken and recorded as "before taick- 
ing.” 

10. All specimens were tacked in the 
following manner: 

(a) Three pieces were clamped in posi¬ 
tion with two C clamps, spaced 4 in. on 
each side of the center line. (5) To de¬ 
crease the tendency for root bead cracking 
during the welding, small combustible 
compression spracers were used between 
the edges of the 2-in. uprights and the face 
of the crossbar directly in line with the C 
clamps. Once the specimens were tacked, 
light could be seen through the specimens 
on both sides of the crossbars except where 
the tacks were located, (c) The actual 
tacking was accomplished in the following 
manner: 

1. Twelve tacks were used, 3 in each 
quadrant. 

2. All 12 tacks were made from 12 in 
of one electrode */n in. in diameter 
and 14 in. long, using the electrode 
scheduled for the welding of that 
particular specimen. Class £-10016 
electrode >vas used to tack all speci¬ 
mens except £-13 which was taideed 
and welded with class £-6010 elec¬ 
trode. 

3. All strain gage holes were covered 
with metal or asbestos to protect 
their edges from spatter or acci¬ 
dental striking of the arc. 

4. Each quadrant was completely 
tacked in the order indicated by 
root passes 3, 4,1 and 2 in Fig. 1. 

5. The first tack was made at one end. 
then at the opposite end, with the 
final tack in the center before turn¬ 
ing the specimen for tacking in an¬ 
other qu^rant.* 


* This ontlincd procedure of tackins peodoeed 
specimeos which showed, (1) no tendency for tacit 
cracking as the welding progre ss ed; (S) a (air 
balance of stresses from tackiiw, see Table III. 
(3) a slight closing or decrease 01 the 00^ angles is 
the second and fourth quadrants, which angles 
were again increased or restored to appronmatele 
00° bjr the weld passes 1 and 2 (the four qaad- 
rants are located, respectively, by root rsiiti 1 . 
4, 2 end 3); (4) a tacked specimen whiefa hail 
initial compression over most of the 2-in. uprights 
increasing in magnitude toward the mitside edges 
of the specimen while the entire crossbar U a 
tension. 
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Typical Vdtaga Record 



Typical Amperage Record 

r\ \ A - V-\^ 



7ig. A1 


14. Six specimens of each steel were 
stress relieved as described is Appendix D. 

15. Specimens were machined and 
measured in the following manner: (a) 
Recorded strain gage readings after stress 
relieving or last weld pass on specimens 
not stress relieved (i.e., original or last 
weld pass S-G reading before machining). 
(6) Recorded inclined fixture readings 
after stress relieving or last pass on speci¬ 
mens not stress relieved (i.e., original de¬ 
flection readings), (c) Machined ‘A in. 
from top edge of specimen in two cuts of 
'/i in. each in a shaper using slow feed, 
sdow travel and a sharp tool to minimize 
the cold-work effect which would heat 
specimen and produce new internal 
stresses. ' (This machining is referred to as 
cut No. I.) (d) Cooled to room tempera¬ 
ture. (s) Recorded strain gage rea^gs 
and computed differences between these 
readings and the original str^ gage read¬ 
ings before machining. (/) Recorded de¬ 
flection readings at both ends of specimen 
and computed differences between these 
readings and the original deflection read¬ 
ings before machining. (/) In like manner, 
steps c, d, e and / were repeated and this 
operation was known as cut No. II. It is 
important to note that the measurement 
of the depth of cut was taken at the center 
of the previous cut. This procedure per¬ 
mitted eight ‘A-in. cuts to the top of the 
crossbar at its center, regardless of the 
magnitude of distortion as the machining 
progressed, (h) Repeated cutting cycle 
(steps c, d, e and / above). This was 
known as cut No. III. (») Repeated cut¬ 
ting cycles (steps c, d, e and/ above), until 
all cuts and fractional cuts from III to 
XIII bad been completed. 

APPENDIX B 

Defloction Moasurlng Davioas 

The original deflection measuring fix¬ 
ture was constructed as shown in Fig. B1 
with the thought in mind to use a speci¬ 
men of sufficient length to produce central 
deflections of appreciable magnitude, 
particularly for specimens in the stress- 


11. Specimens were automatically 
welded as indicated in Fig. 1, supported 
in the flat (troughed) position. All passes 
were made by first using one full length of 
electrode, then a half length to complete 
the 12-in. pass. Consequently the chrage 
of electrode alwasrs took place approxi¬ 
mately 2 in. after the pass traversed the 
middle of specimen. Specimens B-1, C-1, 
Z>-1 and £-1 were welded with one more 
pass in each quadrant making a total of 
20 passes per specimen. Since these speci¬ 
mens when machined in the as-welded 
condition did not distort as much as the 
specimens which were welded with 16 
passes, it was decided to use a maximum 
of 16 passes on all other specimens. 

12. All specimens were measured with 
both the strain gage and inclined fixture. 
Table V shows stresses or indicated 
stresses as calculated from the strain gage 
readings. Table IV shows stresses or cal- 
ctilated stresses for typical specimens of 
four steels after tacking and also after 
welding of 4, 8, 12,16 and 20 passes. 

13. Specimens were selected for stress 
relieving and machining. 


TABLE XII 


Deflection Data Sheet — 90* Cross Weldment Specimens Mild Steel 


Meaaurcd 

after 

Cut No. 

Amount 

Metal 

Removed* 

A-I A.2 

Total 

Deflection in 
Horiaontal 
Fixture 
.4-1 A-2 

Tot^ 

Deflection in 
Inclined Fixture 
Using 4* Baae 

A-1 .4-2 

Total 

Deflection in 
Inclined Fixture 
Using 6" Base 

4-1 4-2 

0 

0 in. 0 in. 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

I 


% 

0.008 

0.000 

0.008 

0.000 

0.004 

0.000 

11 

K 

\ 

0.022 

0.001 

0.010 

0.001 

0.009 

0.001 

III 


1% 

0.087 

0.001 

0.010 

O.OOl 

0.016 

0.001 

IV 


lift 

0.048 

0.001 

0.026 

0.001 

0.022 

0.001 

V 

1% 


0.068 

0.006 

0.08S 

0.008 1 

0.028 

0.002 

VI 

2i4 

2% 

0.071 

0.006 

0.040 

0.008 

0.088 

0.002 

VII 

2V»« 

2% 

0.077 

0.006 

0.046 

0.004 

0.087 

0.008 

vm 

2‘*/i« 

2% 

0.081 

0.006 

0.049 

0.004 

0.089 

0.002 

IX 

8»/i« 

8% 

0.088 

0.008 

0.068 

0.006 

0.042 

0.008 

X 

8*/ia 

8ii 

0.068 

0.008 

0.080 

0.006 

0.028 

0.008 

XA 

. . . 

8% 

• •• » « 

0.006 

. 

0.008 


0.002 

XI 

8“/w 

4^ 

0.084 

0.008 

0.016 

0.002 

U.014 

0.001 

XII 

4Vu 

44 

0.064 

0.008 

0.014 

0.003 

0.014 

0.002 

XIII 


4% 

0.000 

0.002 

0.002 

0.002 

0.002 

• 002 


The above data are bdicved to be acenrate to at least ±0.001 in. 


* Speeinen A-l—as welded condition. 
Specimen A-2—SEA 1160*F, 2 bonrs. 
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SIDE VIEW OF FIXTURE. SPECIMEN SHOWN DOTTED 
Fiy. B1—Hoiiiontal Meaiuring Fixture 


STMtMfC •» M PUCe 4^SC 


SPECtHEN M njkCC 4*1 


Fig. B2—Inclined Meacuiing fixture 


relieved conditions. Referring to Table 
XII it is noted that S]>ecimen .4-2 (24 in. 
in length x 6*/t in. in depth and stress re¬ 
lieved at 1150 ” P. for a period of 2 hr.) pro¬ 
duced a maximum deflection of 0.006 in. 

Assuming that higher stress-relieving 
temperature would produce smaller de¬ 
flections, it appear^ necessary that a 
more sensitive instrument be contrived to 
measure greater deflections without resort¬ 
ing to extremely long and narrow speci¬ 
mens which would require a substantial 


increase in the amount of welding and ma¬ 
chining. Considerable study was given 
to this problem which resulted in the crea¬ 
tion of the inclined fixture. Fig. B2. 

Because of tl\e multiplicity of specimens 
required in this investigation further study 
and experimentation of specimen sizes to 
be used on the inclined fixture resulted in 
the adoption of a I 2 V 4 x 4*/«-in. specimen. 
By adopting this new geometry and the 
inclined fixture, niost satisfactory results 
have been obtained. 


APPENDIX C 

Strain Gage Measurements 

Strain gage measurements were take 
with a lO-in. Berry strain gage at variou' 
stages of the preparation, welding, stre^ 
relieving and machining of the 53 spec- 
mens. Tjrpical records of these measure¬ 
ments are shown in Figs. Cl and C2 whid 
are reproductions of pages in the Data 
Book. 

Similar strain gage records have bea 
used to calculate the following tables: 

Table III portrays the stress patterns in 
specimens after they have been tacked. 

Table IV portrays the stress patterns in 
certain typical specimens as the weldins 
progressed. 

Table V portrays the stress patterns in 
specimens welded with 16 passes. 

APPENDIX D 

Stress Relieving of 900 CroBs-Weldmaai 
Specimens 

A specimen of each steel under study 
was sdected to be stress relieved at teiz- 
peratures 900, 1000, 1100, 1200, 1300 arc 
1400® F., respectively. The faculties « 
the BatteUe Memorial Institute, Colum¬ 
bus, Ohio, were used for the stress-reliev¬ 
ing procedure. 

Specimens to be stress relieved at 9iXl 
1000, 1100 and 1200® F. were properly 
grouped and at convenient interval- 
placed in two Lindberg air circulating 
furnaces. The furnaces were turned os 
and controlled at an increased rate of 
F. per hour untU the respective stress- 
relieving temperatures were reached. 
groups of specimens were held at the; 
respective temperatures for 2 hr. and tbs 
allowed to cool in the furnaces. Coobst 
rates were not recorded. 

Specimens to be str es s relieved at 13" 
and 1400® F. were similarly treated in a 
Westinghouse heat-treating furnace. 
furnace, however, was not equipped 
an air circulating feature. 

It is believed that the various stress 
relieving temperatures of the Ltngberi; 
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Fig. El—Mechanical Property Test Specimen 


furnaces were held to within * 10 ® F.. and 
those temperatures of the Westinghouse 
furnace were held to within * 15 * F. 

APPENDIX E 

Mechanical Property Tetts 

Mechanical property tests were made to 
determine the effect of thermal stress- 
relieving cyclic treatments upon the yield 
strength, ultimate strength and percentage 
elongation in 2 in. of the four steels when 
pulled in tension. 

Preparation of Specimens 

To obtain specimens of each steel at 
each stress-relieving temperature under 
study, in addition to specimens in the as- 
welded condition, new smaller specimens 
were machined from the 1-in. strips which 
remained after the 90“ cross-weldment 
specimens had been completely machined, 
i.e., machined successively cut-by-cut to 
cut XIII as in Fig. 1. The 1-in. strips 
were milled as indicated in Fig. El. 

Testing 

The specimens were tested in tension 
in a 50,000-Ib. Olsen universal testing ma¬ 
chine. Care was exercised to minimize 
eccentricity in the specimens. Strain gage 
readings were taken at both edges with a 
4-in. Berry gage at 1000-Ib. increments of 
load and curves were plotted. The offset 
method using 0.1% offset was used to 
determine the yield strengths from the 
curves. 

Results 

The results of these tests are reported in 
Table XL 
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Discussion 

Graphitization of Low-Carbon and 
Low-Carbon-Molybdenum Steels* 


Report of High-Temperature Pipe Weld Investigation,^ 
Public Service Electric and Gas Company 

H. Weisberg.* Since reporting a year a^ at this 
meeting, the investigation of grapUtization of the high- 
temperature piping in the Public Service Electric and 
Gas Co. Stations has continued, and at this time 45 
joints have been sampled. Five of these have been re¬ 
sampled a second time after additional service. 

Six joints have been found sufficiently graphitized in 
the contact zone between the parent metal and the weld 
heat-affected area to require cutting out and rewelding. 
These are listed in Fig. 1, and were all in carbon-moly 
steel, killed with approximately 2 lb. of aluminum per 
ton. 


JOINTS REWELDED 


Specimen 


Hours 

Average 

Tempera¬ 

Hours Above 

No. 

Material 

Service 

ture 

950® F. Temp. 

28 

12 -m. cast valve 

24636 

927 

1353 

33 

S-in. pipe 

42263 

931 

1500 

36 

8 -in. pipe 

42263 

931 

1500 

46 

8 -in. pipe 

45972 

936 

2500 

49 

S-in. pipe 

45972 

936 

2500 

50 

12 -in. cast valve 

31151 

927 

1500 


Rg. 1 


There are two 12-in. and four 8-in. joints involved. 
Service time varies from 24,636 to 45,972 hr. Steam 
temperature averaged 927 to 936® F. with 1353 to 2500 
hr. above 950® F. and a maximum temperature of 990® 
F. The first and last items in the tabulation are joints 
at opposite ends of the same valve. One end of the valve, 
corresponding to Specimen No. 28, was resampled 6515 
hr. after rewelding and showed no graphite. A heat- 
treatment of 4 hr. at 1300® F. was applied following the 
rewelding operation. 

Based on our observations up to this time, the factors 


* A paper by H. J. Kerr, New York, and F. Ebcrle, Barberton, Ohio, pre¬ 
sented at the A.S.M.E. Annual Meeting. New York. November 1944, and 

f ublisbed in the Supplement to the February 1945 iHue of Tan Wbloing 
OURNAL. 

‘ Submitted as discussion of papers presented on the general subject of 
Graphitisation of Steel Piping at the December 1st session of the 1944 Annual 
Meeting of the A.S.M.B., New York. 

’ Mechanical Engineer. Electric Engineering Department. Public Service 
Electric and Gas Co.. Newark, N. J. 


responsible for and accelerating the formation of the 
segregated type of graphite in the contact zone at welded 
joints are as follows: 

(a) Amount of aluminum used in deoxidation. 

(b) Service temperature. 

(c) Time in service. 

(d) Stress in service. 

(tf) Heat input during welding. 

(J) Post-wdd heat-treatment. 

With so many factors involved the results of sampling 
welds which have been in service under variable condi¬ 
tions 3 deld seemingly inconsistent results. The concen¬ 
tration of graphite found will vary considerably on the 
two ends of the same length of pipe, around the circum¬ 
ference of a joint as well as from the inside to the outside 
of the pipe wall. Using the more easily determined 
factors as a guide, particularly the first three, i.e., amount 
of aluminum us^ in deoxidation, service temperature 
and time in service, it is believed that the joints most 
likely to be severely graphitized have been uncovered. 
All that were fotmd in a questionable condition have 
been rewelded. 

Figure 2 shows micrographs of Specimen No. 50, rep¬ 
resenting the worst case found. Miniature bend bars 
from this probe broke in the graphitized contact zone 
with 6% elongation. Figure 3 shows micrographs of the 
contact zone. 

We have recently found an instance of a small amount 
of graphite in the contact zone of a welded joint at a 
carbon-moly forged tee which was normal by McQuaid- 
Ehn test. The joint had been in service 45,972 hr. at 
936® F. average temperatin-e, with 2500 hr. over 950® F. 
Figure 4 shows the McQuaid-Ehn test. Figure 5 shows 
etched micrographs of the specimen. Graphitization is 
not sufficient to impair ductility. The presence, how¬ 
ever, of any graphite in this normal steel is contrary to 
the observations of Kerr and Eberle. It is planned, 
therefore, in the near future to remove the entire forging 
for more detailed examination. 

Accelerated tests at 1000® F. are being carried out on 
several piping materials removed from service, as well 
as unused materials, to determine: 

(n) Effect of additional heating on various materiak 
now in service. 



(Etched) Full Su9 


Fig. 2 


(Sanded) Full Sire 
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(100 X) 


Fig. 3 


(500 X) 



(b) Effect of various heat-treatments before welding. 

(c) Effect of various heat-treatments after welding. 

(d) Effectiveness of dissolving graphite by normaliz¬ 

ing in cases where physical properties have not 
yet been impaired. 

In connection with the graphite dissolving tests, 
normalizing at temperatures up to 2200° F. has been in¬ 
vestigated. Bend specimens of joints where the ductility 
had been reduced show only a slight improvement after 
this heat-treatment, which agrees with results obtained 
by Emerson and others. Figure 6 shows microstructures 
of the specimen shown in Fig. 3 after normalizing for 2 
hr. at 1700° F. The dark spots indicate a residue or 
voids left in the general area where the graphite nodules 
were before the heat-treatment. As far as is known there 
has been no satisfactory explanation or identification of 
this residue. A 2200° F. treatment gave approximately 
the same result. 

1 he only cure for badly graphitized joints at this time 
appears to be cutting out and rewelding. A normalizing 
post-weld heat-treatment at 1700° F. might be used after 
rewelding and should avoid recurrence of graphitization 
of the contact zone but is difficult to apply at valve joints. 
A heat-treatment of 4 hr. at 13(X)° F. may be sufficient, 
and this is what we are using until more information is 
available. 

H. W. McQuaid.* This important paper is of especial 
interest to me because of the emphasis it gives to the 
value of the so-called “normal’' and “abnormal” indica¬ 
tions of the type of a given steel. 

The whole study of the effect of aluminum and es¬ 
pecially the effect of certain combinations of aluminum, 
stilphur and nitrogen on the carbide solubility and the 
grain growth characteristics is of much greater impor¬ 
tance to the user of steel for some important applications 
than is generally realized. 

Nonn^ity and abnormality were much discui^ed 
several years ago and have yet to be clearly explained. 


* Manager, Process and Product Development Div., Republic Steel Corp. 


Davenport and Bain and others consider “abnormality” 
as the tendency of a steel to precipitate excess carbon as 
thick carbide envelopes in a slowly cooled carburized 
Steel with coarse lamdlar pearlite, if any, separated from 
the network by a wide band of ferrite sometimes contain¬ 
ing large spheroids of carbide. They consider a normal 
steel as one in which the excess carbon on slow cooling 
separates as thin, smooth carbide envelopes entirely 
contiguous with the finer lamellar pearlite. 

Davenport and Bain state that an abnormal steel dur¬ 
ing tran^ormation possesses high carbon diffusivity rela¬ 
tively to the velocity of the austenite transformation in 
the early stages. 



Fig. 4 (500 X) 
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Thus the tendency for the carbide to agglomerate in Europe. Of these the work of Digges and Wills have 
according to the above theory would be greater in the been among the most important. Digges showed that 
abnormal type of steel and spheroidization more easily the “abnormality" characteristic was the inherent char- 
obtained. acteristic of pure iron free from manganese, aluminum or 

Normality has been the basis on which thousands of other alloys. In connection with the work done with 
tons of plain carbon low-carbon carburizing steel was Wills where the goal was “abnormal" structures in the 
pmchased when so much difficulty was found in prevent- slowly cooled carburized test which contained manganese 
ing soft spots on the hardened surface of the water- and molybdenum it was found that nitrogen played an 
quenched carburized parts. important part and the lower carbon open-hearth types 

It was also the basis on which hundreds of thousands of required nitrogen additions if the proper degree of ab- 
tons of carbon molybdenum steel for heat treating were normality was to be obtained. The work of Sims and 
purchased under the trade name of Amola steels. others has indicated the connection between the alumi- 

Many important and careful studies of the abnormality num and sulphur in promoting envelope sulphides in the 
characteristics of steel have been made in America and range of aluminum additions most likely to promote 
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abnormality and this has also been found to have a direct 
relation to reduced solubility for carbides in austenite 
and a distinct tendency to prevent uniform carbon diffu¬ 
sion in localized areas. 

If we consider a moment what we really mean when we 
state that the carburizing test shows abnormality I think 
this will be clearer. Suppose in making this test we 
supersaturate with carbon at 1700® F. the outer portion 
of tests from two heats of steel and then we permit them 
to cool very slowly in the carburizing compound which 
is an excellent insulator. 

At a certain relatively high temperature in one of 
these steels the excess carbon is precipitated in the form 
of iron carbide in ferrite. At the relatively high tempera¬ 
ture the ferrite offers little interference to the tendency 
of the carbide to coalesce. The precipitation and coales¬ 
cence of the carbide in relatively heavy masses is accom¬ 
panied by a depletion of carbon in the surrounding areas 
so that there is always present excess ferrite siurounding 
the partially coalesced carbides. 

This sted we say upon examination is "abnormal.” 
In the other test the precipitation of excess carbon as 
carbide occurs at a lower temperature in a ferrite which 
is relatively rigid and interferes with the tendency of the 
excess carbide to coalesce—also the precipitation is 
apparently at a more gradual rate and the solubility of 
the eutectoid carbon greater so that we have in the test 
as cooled, carbides more evenly distributed in fine plates 
which resist coalescence to a marked degree. This is 
what is known as a “normal” steel and simply indicates 
an increased solubility of the carbide in the austenite. 

The condition of abnormality need not necessarily be 
uniform throughout a test since it is based on carbide 
solubility which varies greatly from boundary to center 
of pearlitic grains and from areas (bands) of high segrega¬ 
tion of sulphides and oxides to areas of low non-metallic 
segregation. 

It is my opinion that in carbon and carbon molyb¬ 
denum steel of low manganese content, that is, under 
0.50% manganese the addition of aluminum in the range 
of 8 oz. to 36 oz. per ton will, if the sulphur is above 
approximately 0.015%, result in a distinct tendency for 
the carbon to segregate away from certain grain boundaries 
where sulphides and perhaps nitrides and oxides have con¬ 
centrated. 

This results in an increased tendency for banding to 
occur which is another way of saying that there are 
present in the steel localized areas where the carbides are 
difficultly soluble and tend to coalesce. It is my opinion 
that this tendency to coalesce is the first step toward graphi- 
tization. 

The tendency for the carbides to coalesce with greater 
ease in the abnormal steel is easy to demonstrate but the 
increased tendency for the massive coalesced carbides 
to graphitize is more difficult—I have seen at times under 
high magnification what looked like graphite particles 
in the boundaries of badly coalesced abnorm^ steels. 
Until the work of Austin and Fetzer there was little con¬ 
nection between coalescence and graphitization. Most 
of the studies 1 have made of malleable iron indicate that 
coalescence of the excess carbide was a preliminary step 
because of the distribution and appearance of the graph¬ 
ite. 

Austin and Fetzer indicated that quenching after heat¬ 
ing above the critical range was an important stimulator 
of graphitization and this may be a factor in the develop¬ 
ment of the weld-affected structures in the Kerr and 
Eberle paper. There is in all unannealed welded sec¬ 
tions a zone where the steel has been heated above the 
critical range and where the cooling rate due to the 
proximity of unheated steel approaches that of a fast 
water quench. 


The work done in this paper indicates definitely in my 
opinion that the carbide coalescence tMis a preliminary 
step toward gfaphitizcUion. The temperatures used in 
this investigation were lower than that used in the 
graphitization of white iron in making malleable. Per¬ 
haps a shorter test might be devised by picking out a 
graphitizing temperature of approximately 1300° F. 
where the relative tendency for coalescence and graphite 
formations might be indicated by 100 hr. rather than in 
4 or 5 years at 950° F. The carburizing test with its 
hypereutectoid carbide and its slow cooling through the 
range of excess carbon precipitation and carbide forma¬ 
tion seems to be a rather sensitive indicator of the tend¬ 
ency to graphitize. It also will indicate, I am certain, 
that higher manganese plus a carbide stabilizer subh as a 
small percentage of chromium with an effort toward the 
lowest sulphur content and the minimum of al uminum 
will insure the very minimum of tendency to coalesced 
carbides and hence graphitization in a carbon or carbon- 
molybdenum steel. 

H. A. Schwartz.^ This commentator regrets that he 
did not receive the paper by Kerr and Eberle soon 
enough to study it in sufficient detail before preparing a 
discussion to permit of adequate comment on the many 
facts which the authors recorded. Since most of the 
structures in which the power plant engineer is interested 
are fabricated from pipe, it is not surprising to find that 
the major accent in the present paper is on rolled or 
•forged steels. 

Lacking a sufficient background in that direction it 
will be well to confine this discussion of the paper to steel 
castings. This field seems to have been dismissed rather 
lightly in the original paper and one forms the conclusion 
OmI steel castings, generally speaking, behave better than 
pipe, and that the authors were not so well satisfied with pre¬ 
dictions made as to the behavior of the castings as with pre¬ 
dictions made as to the behavior of pipe. 

Any tendency to limit the steel foundryman in his use 
of aluminum is a matter for most serious consideration. 
The use of this element for deoxidizing cast steel, es¬ 
pecially acid electric cast steel, which is very commonly 
used for castings of this type, is well nigh universal. 
Following the work of Sims and his associates Lilliqvist 
and Dahle, it has been the practice of steel foundrymen 
to avoid the use of small or moderate amounts of alumi¬ 
num and to work with additions of the general magni¬ 
tude of 2 lb. of aluminum per ton of steel castings. The 
’amount of metallic aluminum left in the steel is very 
widely variable but the intent is to use an addition which 
will result in a residual metallic aluminum exceeding one- 
himdredth of a per cent. If it were practicable to use 
exactly the amount of aluminum whicffi would combine 
with the oxygen present, the result would be a steel of 
low ductility and impact resistance, and if still less 
aluminum were used, chfficulties due to lack of soundness 
of casting would be encountered. While it is not im¬ 
possible to make completely deoxidized steels using 
silicon, only for this purpose, the processes involved are 
not so desirable from the found^ viewpoint as those 
contemplating the addition of aluminum. 

It seems well, therefore, to give passing consideration 
at least to the question of why cast steels do not behave 
like wrought steels with respect to the property now being 
studied. To begin with, it is apparent that not much 
emphasis has so far been placed on the difference in silicon 
content between the two materials. Kerr and Eberle da 
indeed record the silicon content of wrought steels as 
being something below 0.20 in general. They also record 
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a silicon content of 0.43 for a cast steel, but do not 
comment on this difference, which in the present tenta¬ 
tive state of our knowledge may be important For 
example, might it be that it is desirable to have silicon 
present ? 

With respect to the use of aluminum in the two prod¬ 
ucts, it is to be remembered that the difficulties arising 
in castings containing a little aluminum are due to the 
form of the sonims retained in the steel. This is a matter 
of no consequence whatever if the steel is finally to be 
rolled, since the sonims are then re-formed by hot work 
and no longer exist in the stringy form which causes them 
to damage a casting which has to be used in the form in 
which it was made. It is also true that manufacturers 
of pipe might find such an alloy as the chromium content, 
spoken of by the authors, objectionable in fabrication, 
whereas the steel foundryman is not confronted with 
that difficulty and very frequently makes material of 
that type. 

Pretty much all of the aluminum-killed cast steels 
which this commentator has ever examined contain 
amounts of aluminum which the present authors would 
unqualifiedly condemn. They are almost always char¬ 
acterized by a grain size of about 6 to 8 A.S.T.M. and 
they are preponderantly abnormal. Quite extended 
study has indicated that although the grain size is 
significantly correlated with the residual aluminum con¬ 
tent, the rate of change of grain size with aluminum con¬ 
centration is so small that no reasonable change in alu¬ 
minum content would produce an important change in. 
grain size. In the field of steel castings, therefore, it 
seems impossible to generalize to the ^ect that high 
aluminum, small grain size and abnormality are all so 
intimately connected that their effects cannot be sepa¬ 
rated. 

Most regrettably this commentator has not had access 
to any extended series of samples removed from high- 
temperature service, representing steel castings. Surveys 
of graphitization under service conditions in castings 
made by the company with which the writer is associated 
are known to have been made. Inquiry from those in¬ 
formed as to the results have elicited only the statement 
that no difficulties were encountered. Having no sup¬ 
porting data or permission to quote verbatim, this state¬ 
ment is made from hearsay but is believed to be true. 
If reliable, it seems to offer support for the belief that 
aluminum-killed cast steel is per se not objectionable. 
Perhaps the absence of that element should be regarded 
as sufficient, but not necessary to prevent trouble. « 

J. W. Bolton*. We are indebted to Messrs. Kerr 
and Eberle for their well-prepared paper giving results 
of their studies of field and laboratory samples. This 
and other papers on graphitization in low-carbon wrought 
and cast steels show clearly that the problem or problems 
are beset with many variables and that much yet remains 
to be done before all variables are understood and con¬ 
trolled and the over-all mechanics clearly revealed. 

Research by The Lunkenheimer Co. has been con¬ 
fined largely to cast steels. Work completed to date 
deals largely with WC-1 (carbon moly) both “aluminum 
deoxidized” and “silicon deoxidized” and WC-4, “alu¬ 
minum deoxidized.” A large variety of structures have 
been obtained under controlled conditions, and exam¬ 
ined for periods up to 6000 hr. for “aluminum deoxi¬ 
dized” and 4000 hr. for “silicon deoxidized” samples. 
A graphitizing temperature of 1100° F. has been used for 
most of the comparative tests. (1000° F. was found 
slow, at 1200° F. and above graphitizing tendencies were 
suppressed.) 

* Director of Metallurgical Research aod Testing. The Lunkenheimer Co., 
Cincinnati, Ohio. 


In case of “aluminum-killed” carbon moly, WC-1, al 
structtues were readily graphitized, although in point o: 
time some were more susceptible than o^ers. Up i. 
4000 hr. (and in view of Messrs. Kerr and Eberle’s studies, 
(ft'esumably beyond) graphitization has not been pit- 
duced in the “silicon-killed” carbon moly, WC-1. 
far this work confirms that of Messrs. Kerr and Eberlt 
Unless methods be in question—and they are not—there 
is not much point to confirmatory discussion. Our dis¬ 
cussion is justified on basis of disagreement with basis fo: 
the authors' conclusion 14. They took a silicon-ldlleil 
steel, which would not have graphitized anyhow (on 
basis of their and others results), added chromium to 
same, and on basis of this not graphitizing, recommend 
specification of silicon-killed chrome-bearing carbon 
moly for high-temperature steam plant usage. The ade¬ 
quacy of this recommendation, as applied to cast product, 
is questioned. 

We have been unable to graphitize the “aluminum- 
killed” WC-4 alloy, in any of various structural condi¬ 
tions in tests last check^ at 6000 hr. This steel 
fundamentally different in behavior from “aluminum- 
killed” carbon moly, WC-1. Since the latter graphitized 
ultimately in all structural conditions, stability (or more 
accurately, persistence) or lack of it apparently is an in¬ 
herent characteristic. 

The benefits of “aluminum deoxidation” in the attain¬ 
ment of sound castings is firmly established in the in¬ 
dustry. “Silicon deoxidation” in acid electric furnace 
practice is inadequate—as has been shown again by the 
M.S.S. cooperators having to “give up” on making sound 
“silicon-deoxidized” test plates in their current investi¬ 
gation. 

It is not argued that WC-4 is the only low alloy steel 
that may be devised to have high graphitization resist¬ 
ance in the “aluminum-deoxidized” state. However, it 
is the only one so far demonstrated to possess high re¬ 
sistance. Its good weldability is known, its tensile 
properties are good, its creep properties excellent, its 
foundry characteristics are favorable, it is covered in an 
existing specification (A.S.T.M.-A-217) and is recog¬ 
nized by regulatory bodies. 

We feel that the authors’ conclusion 14, a recom¬ 
mendation which rules out all “aluminum-deoxidized 
steels, may, in case of cast steels, be “jumping from the 
frying pan into the fire.” 

Francis B. Foley.® This paper by Kerr and Eberle 
presents convincing evidence of a relationship betweer 
McQuaid-Ehn abnormality and graphitization of the 
cementite in carbon and carbon-molybdenum steels be¬ 
low their transformation temperature—which is to say, 
in the range of temperature where, for practical purposes, 
the stable phases have been taken to be ferrite and 
cementite. Steels having a normal structure in the 
McQuaid-Ehn test apparently do not graphitize under 
similar conditions of exposure. An important difference 
in the compositions of the two types of steels appears to 
be that the normal type has an durainum content of the 
order of 0.002% whereas the abnormal steels contain 
from ten to thirty times as much aluminum. This 
aluminum is presumably in solid solution in the ferrite. 
It is the graphitization of the carbide, however, which is 
of concern, and the composition of the carbide in the 
normal steel and in the abnormal steel is the same. It is 
known that the amount of aluminiun used in deoxidizing 
molten steel determines the normality of the final product 
under the McQuaid-Ehn test. Thus, it appears that 
aluminum which dissolves in the ferrite of the steel affects 
the normality of its microstructure which in turn is 
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indicative of the stability of the carbide with which the 
aluminum does not chemically combine. This is not 
new. The whole art of graphitizing to produce malleable 
iron depends on the silicon content of the iron, more than 
on anything else for successful graphitization and silicon, 
like aluminum, dissolves in the ferrite and does not com¬ 
bine with the carbon. Nickel is another element, soluble 
in ferrite, which promotes graphitization of the carbide 
with which it does not combine chemically. Carbide¬ 
forming elements, on the contrary, prevent graphitiza¬ 
tion. 

When aluminum is added to molten steel it does two 
things—it forms alumina by combining with oxygen, and 
when the available oxygen is exhausted it dissolves in the 
steel. It appears to be the dissolved aluminum that 
causes graphitization. Obviously an amount of alumi¬ 
num markedly in excess of that required to deoxidize the 
metal is necessary to produce this imdesirable effect. 

Not so many years ago there were steel melters who 
boasted that they “made their steel in the furnace, not in 
the ladle.” They depended on manganese and silicon 
for deoxidation and contended that additions of alumi¬ 
num in the ladle or in the molds were made to cover up 
bad melting practice. During recent years the proper 
use of aluminum in deoxidation has come to be recognized 
and has resulted in precise control of the structure and 
response to heat-treatment of steel for certain purposes 
not previously attempted. The mechanism whereby 
aluminum additions produce these effects is still not clear. 

Some of us, in plants which inherit a tradition of “mak¬ 
ing our steel in the furnace,” have not acquired an alu¬ 
minum habit and the silicon-killed product melted in 
acid furnaces has fortunately been fotmd so far not to be 
prone to the condition of carbide instability when sub¬ 
jected to the same conditions of temperature which have 
caused graphitization in the aluminum-killed steels. 

The cure for this condition of carbide instability is not 
to be found necessarily in arbitrarily preventing the use 
of aluminum in deoxidizing steels destined for service at 
the temperatures prevailing in steam power plants nor 
for that matter in dictating the amount the steel maker 
uses. Steel makers have shown their ability to control 
within narrow limits the characteristics of steel affected 
by aluminum deoxidation and undoubtedly can control 
this new variable when factors involved are still more 
clearly developed. 

It is possible that fluctuations in temperature of the 
metal in service may have an effect in the stability of the 
carbides and the rate of decomposition. Figure 7 repre¬ 
sents a portion of the iron-carbon equilibrium diagram 
showing the solubility of carbon in alpha iron in the 
temperature range in which the graphitization under dis¬ 
cussion takes place. This diagram shows that 0.006% 
of C is in solution in ferrite at room temperature but that 
the solubility of carbon in ferrite increases with increase 
in temperature until at 1333° F. it is 0.04%. It follows 
that the carbon in ferrite in pipe operating at a tempera¬ 
ture of 900° F. increases if the operating temperature 
rises to, say, 1100° F. This means that a small amount 
of carbide decomposes when the temperature rises and 
its carbon, amounting to 0.005% in the case cited, 
passes into solution in the ferrite. When the tempera¬ 
ture of the metal again returns to 900° F. elemental car¬ 
bon, amounting to 0.005%, is precipitated. Whether 
this elemental carbon quickly combines to form carbide 
again may depend on the composition of the ferrite with 
respect, let us say, to its content of A1 or Si or both since 
both elements stabilize the elemental rather than the 
combined (carbide) form of carbon. If the carbon re¬ 
mains in the elemental form a repetition of the cycle, in a 
ferrite favoring the elemental form of carbon, will involve 
the decomposition of more carbide, with the solution 



PER CENT CARBON 

Fig. 7 

and precipitation of more elemental carbon. This is a 
slow process involving very small amounts of carbon in 
each cycle of temperature change but, in the long period 
of time involved in the changes found in these installa¬ 
tions, the amount of elemental carbon precipitated would 
ultimately attain the microscopical sizes found to be 
present. 


W. R. Farnsworth’. During the past year or so it 
has been the writer’s privilege to work with Mr. Kerr in 
an endeavor to produce a steel that would not graphitize 
as rapidly as some of the steels made in the past. Mr. 
Kerr’s paper, after many thorough tests, brings out the 
point that coarse-grain normal steels made with a mini¬ 
mum amount of aluminum are more difficult to graphi¬ 
tize than either abnormal steels or fine grain steels. 

During -the past year we have produced both plain 
carbon-molybdenum steels as well as the new spec^ca- 
tion of carbon-chromium-molybdenum steels with a 
normal coarse grain that have apparently been satis¬ 
factory. « 

In making steels of this type, careful consideration 
should be given to the selection of the scrap used in the 
heat as wdl as the hot metal, and our experience has 
been that these heats can be made to the best advantage 
by using approximately 60% heavy scrap and 40% hot 
metal. The average carbon at melt-down is 0.95, and 
the heat is worked down to tap carbon by the judicious 
use of feed ore which amounts to approximatdy 17 lb. 
per ton. 
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When the heat has reached the proper tapping carbon, 
and the slag is in shape, the manganese in the form of 
silico-manganese is generally added in the furnace, and 
ferro-silicon plus about 0.4 of a pound of aluminum per 
ton are added in the ladle, with sufficient time held for 
teeming temperature. The steel is then teamed into 
moulds about 20 in. in diameter to a height sufficient 
to produce an ingot weighing approximately 4700 lb. 
and during the teeming, no mould additions whatsoever 
are made. 

A general log of the heat would read as follows: 

Heavy scrap. 60% 

Hot metal. 40% 

Raw limestone. 8.5% 

Ore used. 17 lb. per’ton 

Fluorspar used. 10 lb. per ton 

Silicon used. . 12.5 lb. per ton 

Manganese used. 9 Ib. per ton 

Aluminum used. 0.40 lb. per ton 

Charge to tap. :.... 11 hr. 

Residual manganese. 0.30 

To make steels of this type from the above brief de¬ 
scription seems apparently simple but, as mentioned pre¬ 
viously, the scrap must be selected with due regard to its 
analysis, the scrap must be fairly heavy, and the hot 
met^ used must be within standard limits. At all times 
it must be kept in mind that this steel is intended for a 
special purpose, and the condition of the slag, taking into 
consideration viscosity and temperature, must be of the 
correct nature. 

Another factor of prime importance is the timing of 
the deoxidizers used, and allowance must be made for 
same when tapping the heat. 

Mr. Kerr’s paper, as well as papers by many other 
authors on the subject of graphitization, stresses the fact 
that steels containing metallic alumii^um and alumina 
graphitize more readily than steels with very small 
amounts of aluminum and alumina. To reduce the 
amounts of this element some authors have suggested 
that no aluminum be used in deoxidation, and it is on 
this point that we take issue. It has been known for 
years that the judicious use of aluminum is a very im¬ 
portant tool of the steel maker and, in many cases, can¬ 
not be omitted in their steel practice. 

During the past 3 or 4 months we have been making 
many tests on steel, and we have obtained the analysis on 
the metal bath after melt-down and just previous to tap. 



Fig. 9—Picral (1000 X) 


and we have found that toda}^ the dissolved aluminun: 
and the alumina in the metal' is almost twice that ob¬ 
tained 5 or 6 years ago. This, we believe, is due to the 
fact that so many of the present-day steels are made tc 
a fine-grain steel specification and, as is well known, fine 
grain is obtained only by the use of aluminum. 

All chemists are aware of the fact that dissolvec 
aluminum and alumina are very difficult to analyze 
with absolute accuracy but comparative tests do prove 
the statement made above that the residual aluminun: 
and alumina today is considerably more than that of the 
steel made a few years ago. In our opinion, this subjec: 
will be of considerable research during the next 
years. 

Author's Closure 

Mr. Weisberg has presented the case of a McQuaid- 
Ehn normal carbon-molybdenum steel forging which 
had shown a slight amount of graphite in the weld-heat 
affected zone after 45,972 service-hours at an averap 
temperature of 936° F. of which 2500 hr. were over 950 
F. This example is interesting not only because this t' 
the first time that graphite was found in a McQuaid-Eh: 
normal steel, but, more so, because it serves to illustrate 
the fact that the steels with which we are concerned an 
all fundamentally unstable in the temperature range 
850 to 1000° F. Differences in their behavior with 
respect to graphitization are, we believe, due to differ 
ences in their reaction rates. The high-aluminuiB- 
deoxidized steels are faster reacting than the equivalen: 
straight silicon-killed steels as is illustrated by the micn>- 
structures shown in Figs. 8, 9 and 10 representing tlire< 
types of carbon-molyMenum steels of almost identici 
analyses which had been together isothermally trails 
formed at (5(X)° F. Fig. 8 depicts the structime of a high- 
aluminum-deoxidized steel consisting of what may be 
called Widmanstaetten troostite with a noticeable 
amount of proeutectoid ferrite; Fig. 9 the corresponding 
structure of a straight silicon-killed steel consisting i*i 
Bainite; and Fig. 10 a low-aluminura-deoxidized stee- 
(0.5 lb. Al/ton) containing 0.6% chromium which dis¬ 
plays a still more pronounced Bainite structure. Tbc 
behavior of the carbide in the McQuaid-Ehn test indi¬ 
cates to a certain extent the relative general reaction rate 
of like steels, but we do not claim that it expresses all tbt 
factors and their relative potency which influence tit 
reaction rate with respect to graphitization. McQuaic 
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Fig. 10—Picial (1000 X) 


Ehn abnormality and susceptibility to graphitization is 
favored by high carbon diffusivity, by the effect of the 
aluminum in the deoxidation of the steel—be it nuclea- 
tion by suitably dispersed particles of aluminum oxide 
or nitride or the removal from the iron lattice of oxides 


or other compounds of certain elements—and by an 
oxidizing environment. Susceptibility to graphitization 
is also favored by the presence of stress, by cold deforma¬ 
tion and by the rapid transformation of high-carbon 
austenite as in the contact zone between -weld-affected 
and weld-unaffected metal. At the present time, the 
relative potency of these influences is not known. In the 
case of the example described by Mr. Weisberg, the 
balance of the various factors acting for and against 
abnormality and susceptibility to graphitization was 
such as to produce the described slight graphitization. 
Perhaps, some segregation phenomena may also have 
been involved. 

Mr. Weisberg is correct in suspecting that heat treat¬ 
ment may also affect the graphitization behavior of a 
given steel. We have carried out a number of experi¬ 
ments which, though they are stiff being continued, show 
already clearly that susceptibility to graphitization may 
be greatly influenced by various thermal treatments. 
The material employed for these tests consisted of a 
section of one of the pipes at Springdale which, however, 
had never been in service. The individual specimens 
were heat treated with no welding involved and were 
subsequently placed into an oxygen-free lead bath at 
1000° F. After only 1600 hr. we could already observe 
the following trends: 

1. Air cooling from 2200° F. imparted to the steel 
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maximum resistance to graphitization. A 50% cold 
deformation after this heat treatment also failed to in¬ 
duce the formation of graphite, Fig. 11. 

2. Air cooling from 1650° jF. sdso rendered the steel 
resistant under the given conditions, but when cold re¬ 
duced 50% subsequent to the normalizing at 1650° F., 
the steel began to graphitize slightly. 

3. Slow furnace cooling from 1650° F. failed to in¬ 
duce graphitization, but when followed by a 50% cold 
reduction, a noticeable amount of graphite was formed, 
Fig. 12. 

4. Slow furnace cooling from 2200° F. rendered the 
steel sensitive to graphitization and resulted in a sub¬ 
stantial number of large graphite nodules, Figs. 13 and 
14. When followed by a 50% cold deformation, slow 
furnace cooling from 2200° F. resulted in increased 
nucleation and rate of growth. Figs. 15 and 16. 

5. Reheating to 1400° F. followed by very slow fur¬ 
nace cooling brought about slight graphitization in steel 
air- or furnace-cooled from 1650° F. and 2200° F., re¬ 
spectively, which otherwise did not graphitize. How¬ 
ever, straight fiumace cooling from 2200° F. produced 
more and much larger graphite nodules. 

6. Reheating to 1400° F. followed by water quench¬ 
ing promoted graphite nucleation more than any other 
treatment, except when followed by cold working. 

7. Cold deformation promoted nucleation and rate 
of growth of the nuclei in practically all conditions of 
heat treatment. In the case of the specimen which had 
been slow furnace .cooled from 2200° F., then reheated 
to 1400° F. followed by very slow furnace cooling and 
subsequently cold reduced 50%, a substantial amoimt of 
grain boundary chain graphite was formed. Fig. 17. 

8. The same steel when repeatedly arc-welded in . 
form of a circumferential weld on a l-in. round bar with 
water-cooled core—the steel being in the 1700° F. 
normalized condition—produced beginning chain graph¬ 
ite formation in the weld-heat-affected zone in 1500 hr. 
as shown in Fig. 18. 

These examples will suffice to show that susceptibility 
to graphitization is affected not only by the steel-making 
practice, but also by many subsequent influences. By 
omitting or minimizing the aluminum addition-in the 
deoxidation practice and by slowing down the reaction 
rate of the steel through such measures as increasing its 
manganese content and adding suitable amounts of 
stabilizing elements such as chromium and finally by 
proper heat treatment prior to installation, we should be 


able to obtain steels which will be resistant to graphitiza- 
tion under the conditions of high-temperature steam 
plant operation. 

Mr. McQuaid’s discussion of the effect of aluminutr: 
in the deoxidation practice upon certain inherent char¬ 
acteristics of steel deserves particular attention because 
of his wide experience in this field. He considers the 
strong coalescing tendency of the carbide in the high- 
aluminum-deoxidized steds as the first step towani 
graphitization. This tendency of the carbide to coalesct 
is explained to be the result of localized concentrations of 
sulphides and perhaps also of nitrides and oxides in steel 
containing less than 0.50% manganese and above ap- 
proximatdy 0.015% sulphur when the. aluminum addi¬ 
tion in the deoxidation practice is between 0.5 and 2.5 lb. 
per ton. The carbon is said to segregate away from 
localized zones of high nonmetallic concentration. Thus 
graphitization seems to be tied up with the non-raetallic 
impurities in the sted and with the effect of the aluminum 
addition upon their dispersion and distribution. This 
suggestion deserves serious consideration. We have fre¬ 
quently noted localized graphitization in the vicinity of 
indusion segregations and some such observations have 
been reported in our paper. Mr. McQuaid’s recom¬ 
mendation to raise the manganese content of the steel 
and lower its sulphur content while minimizing the 
aluminum in the deoxidation practice, in addition to 
introducing a small amount of chromium, merits practi¬ 
cal study. 

Dr. Schwartz, like Mr. Bolton, has confined his dis¬ 
cussion to sted castings. We cannot agree with him 
when he says that this fidd has been dismissed rather 
lightly in our paper. As a matter of fact, we have 
pointed out that castings follow the same general rule 
which had been described for the wrought materials, i.e., 
castings made without aluminum were found resistant 
and those with the customary addition of aluminum in 
the deoxidation practice were found to be sensitive tc 
graphitization. It is true that we have observed a 
slight tendency in castings to be somewhat more re¬ 
sistant than the wrought steels. We ascribe this tend¬ 
ency to the seemingly greater variations in the degree 
of residual oxidation of the mdt prior to the aluminum 
addition in some cases and to the generally higher content 
of manganese plus silicon in castings. The graphitiza- 
tion-retarding effect of an increase in the manganese and 
silicon content has also been observed by us in certain 
wrought steels, but we do not believe that sufficient 
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Fig. 17—Picral (1000 X) 

resistance to graphitization can be imparted to an alu¬ 
minum-deoxidized steel by simply raising the manganese 
and silicon content within the permissible limits. Dr. 
Schwartz himself indicates a possible solution in cases 
where the addition of aluminum in the deoxidation 
practice cannot be omitted for economical or technical 
reasons, namely, alloying the steel with a sufficient 
amount of a suitable element as, for instance, chromium, 
which would overcome the graphitization-promoting 
effect of the aluminum addition. But, it will then be 
the problem of the sponsors of such alloy steels to prove 
their practicability and resistance to graphitization. 

With regard to Mr. Bolton’s discussion, we wish to 
point out that we were concerned with carbon and 
carbon-molybdenum steels only and not with alloy steels. 
Mr. Bolton's own tests have shown that the aluminum- 
deoxidized carbon and carbon-molybdenum steels graphi- 
tize, while the straight silicon-killed steels do not. We 
have favored the latter knowing that these steels are 
practical in the forged condition and in castings made 
with dry sand molds. The addition of 0.5% chromium 
was recommended by us as an extra safeguard. Such 
steels have been made and are in use. 

Mr. Bolton is discussing the problem with respect to 
castings made with green sand molds where the use of 
aluminum in the deoxidation practice is said to be im¬ 
perative. We do not doubt that alloy castings can be 
made employing aluminum in the deoxidation practice 
which will not graphitize. But, while we agree that the 
necessity for McQuaid-Ehn normality may not exist for 
the type of alloy steels referred by Mr. Bolton, we 
believe that the resistance to graphitization of such steels, 
particularly with respect to variations in the deoxidation 
practice, should be established beyond any doubt before 
they can be accepted in the absence of a test which 
proves their reliability. 

Mr. Foley’s suggestion that it is the metallic aluminum 
dissolved in the ferrite which causes graphitization, finds 
support in the fact that, in general, susceptibility to 


Fig. 18—Picral (1000 X) 

graphitization seems to increase with increasing residual 
metallic aluminum. This explanation may be accepted 
as a fundamental statement. However, there are un¬ 
doubtedly still other factors entering the picture as is 
showm by the fact that we have encountered steels of 
almost identical analysis, including residual metallic 
aluminum, some of which graphitized and some of which 
did not. For instance, in a certain case a carbon-molyb¬ 
denum steel containing 0.012% metallic aluminum failed 
to graphitize, while another quite similar steel with 
0.010% metaUic aluminum produced graphite. 

Fluctuations in temperature of the metal in service 
undoubtedly accelerate the rate of graphitization. Mr. 
Foley describes this effect quite clearly. Thus, the fre¬ 
quently observed presence of very fine and of very coarse 
coalesced carbide particles in the vicinity of graphite 
nodules can be explained by the fact that with rising 
temi>erature the smaller carbide particles dissolve more 
readily than the coarser particles, while with falling 
temperature part of the carbon in solution in the ferrite 
is precipitated as graphite on existing graphite nodules, 
and another part as carbide on existing carbide particles. 
The growth of the graphite nodules and coalescence of 
the carbide frequently seem to go hand in hand. 

We are pleased to hear from Mr. Foley that the steel 
maker is able to control within narrow limits the char¬ 
acteristics of steel affected by aluminum deoxidation. 
In conjunction with additional protective measures as, 
for instance, by the alloying of the steel with a suitable 
amount of chromium or similarly acting elements, we 
shall undoubtedly obtain steels which will resist graphi¬ 
tization under the conditions of present-day high- 
temperature steam-plant operation. 

We feel indebted to Mr. Farnsworth for his discussing 
of the graphitization problem from the standpoint of the 
steel maker. His words should dispel any existing 
doubts that the type of steel which we have suggested 
for high-temperature service is practically and economi¬ 
cally feasible. 
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Pressure Vessel 
Research 

T O INCREASE the safety, the quality, the service 
life, and to reduce the cost of pressure vessels, the 
Welding Research Council has been requested by 
a number of manufacturers, steel makers and users of 
pressure vessels to set up a pressure vessel research pro¬ 
gram. 

Fairly recent and serious failures of large field erected, 
welded pressure vessels have raised many questions in the 
minds not only of those directly involved, but, also, of 
public and of government authorities. 

Expert study of these failiu'es seems to indicate that 
the best available knowledge of materials, design, fabri¬ 
cation and inspection was not always employed. 

Nevertheless, the phenomena involv^ are imusually 
complex and there are many vital questions as yet un¬ 
answered. The best experts are still groping. There is 
great need for more quantitative, rationalized knowledge. 
Thus, there is urgent need for: 

1. The interpretation, rationalization, correlation and 
dissemination of the best information and imder- 
standing now available. 

2. Thorough investigations, both experimental and 
theoretical in the following four categories: 

(a) Materials, as related to riieir suitability to the 
job in hand, and as affects by the methods of 
their production. 

(6) Safer designs and equal, or greater, economy. 

(c) Technique of fabrication. 

(d) Inspection and test of materials, fabrication 
methods and completed structures. 

At the request of 'the steel makers, fabricators, and 
users, the Welding Research Coimcil of the Engineering 
Foundation has organized a committee, to be known as 
the Pressure Vessel Research Committee. This com¬ 
mittee intends to follow the procedure established by the 
Welding Research Council, namely, to utilize the best 
available facilities and ablest personnel from industry 
and selected universities. 

During its life the Welding Research Council has de¬ 
veloped a number of research centers, mostly in out¬ 
standing universities, at which research projects covering 
either arts of our field or closely allied thereto have been 
carried out. This is an asset which hardly can be over¬ 
estimated. Not only are the professors in charge thor¬ 
oughly conversant with our fundamental problems, but 
specif, and sometimes unique, equipment has been de¬ 
veloped, as well as special techniques of measurement. 

The cost is roughly estimated as $75,000 a year for at 
least two years—probably three. Tlie financial support 
must come from manufacturers of material for, and 
fabricators and users of, pressure vessels all of whom are 
equally interested in safety with economy. By properly 
distributing the cost the burden on any one company will 
be small. 

Some of the problems which will be investigated in 
these four fields are indicated below. 

Materials 

1. What is the difference in properties which may be 
expected through the use of rimmed, semirimmed and 
fully killed steels? 

2. Is there a difference in the properties of silicon 
killed and aluminum killed steels? 


3. What is the effect of using the steel in as-rolled 
condition as compared with normalizing? 

4. What effect has the finishing temperature of iht 
steel on its properties? 

5. What are the effects of incidental alloys in the 
steel? 

Design 

Failures of welded pressure vessels nearly always start 
near attachments or abrupt changes of size or shape: 
seldom do they originate in the main seams. This fact 
alone is evidence that the so-called “factor of safety" is 
tacitly relied upon to provide for stress concentrations 
not considered in the ordinary methods of design. The 
conventional “maximum working stress” is in truth 
merely a factor to use in arriving at the proportions of the 
vessel parts, and is only remotely related to the real 
maximum stress in service. 

The Pressure Vessel Research Committee has as some 
of its objectives improved methods of designing: 

(a) Manholes and other opening fittings, including 
covers, flanges, gaskets, and reinforcements fo: 
cylindrical and spherical shells. 

{b) Torispherical, ellipsoidal, hemispherical, conical 
and toriconical neads, including their junctions 
with the cylindrical shells. 

(c) Supports for vertical and horizontal vessels with 
cylindrical shells, and for spherical vessels. 

{d) Internals such as diaphragms, tray supports, etc. 

(e) Prestressed solid wall and layer vessels. 

Fabrication 

1. Effect of temperature at which materials are 
formed, degree of forming. 

2. Difference in procedure and quality produced by 
spinning and forging heads. 

3. Stress relieving thermal treatment. There seemi 
to be a considerable amount of agreement on the value c: 
the present thermal stress relieving treatment required it 
the Code. However, many authorities claim that the 
value is derived from elimination of hydrogen anti 
other gases, reduction of peak hardness, improvement t: 
metallurgical structure, and, perhaps, some value from 
reduction of residual stresses. It is important to kno?f 
quantitatively exactly how much benefit is derived fror. 
each, and why, if possible. 

4. Effect of preheating and postheating. 

5. Study of peening. 

6. Study of hydrogen embrittlement. 

7. What is the effect of porosity? 

8. - Is there any value to reinforcement? 

Inspection and Testing 

The committee will probably give consideration to thi 
following testing methods; 

1. Hydrostatic or pneumatic testing. 

2. Hammer testing. 

3. Magnafluxing. 

4. Radiographing. 

5. Electromagnetic testing. 

6. Supersonic testing. 

7. Trepanning. 

8. Proportional limit testing. 

9. Other tests that inspectors might suggest. 

10. Other tests that may be found necessary to insure 
that the requirements established by the other 
subcommittees are met in the finished vessel 
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Investigation of the Final Rinsing Op¬ 
eration in the Chemical Surface Prepara¬ 
tion of Alclad 24S-T for Spot Welding* 

By R. A. Wyant,f D. I. Asbcraitt and T. B. Cameron^ 


Summary 

T his report describes an investigation of the final 
rinsing opyeration in the chemical surface prepara¬ 
tion of Alclad 24S-T sheet for spot welding. The 
investigation has been conducted at the Rensselaer 
Polytechnic Institute under the sponsorship of the Office 
of Production Research and Development of the War 
Production Board. This work has been a continuation 
of the aircraft spot-welding, research program which was 
originally sponsored by the N.A.C.A., the Naval Bureau 
of Aeronautics and the Army Air Forces, at the above 
Institute. 

The investigation has consisted essentially of a series of 
experiments to determine the effects of time, tempera¬ 
ture and composition of water in rinsing Alclad 2^-T 
sheet following its surface preparation for spot welding. 
The results show that a reaction sometimes octmrs be¬ 
tween the surface of the metal and the final rinse water. 
The effect of the reaction is to raise the contact resist¬ 
ance of the sheet. A high contact resistance can be ex¬ 
pected to cause poor dectrode-tip life and welds of 
irregular shai>e. When the reaction occurs, the contact 
resistance increases rapidly with increasing rinse time 
and water temperature. 

The occurrence and rate of the reaction depend upon 
both the composition of the surface treating solution and 
the composition of the rinse water. While very little is 
known about the effect of composition of the treating 
solution in this respect, the reaction has been observed 
following the treatment of Alclad 24S-T in a solution of 
HjSiFfl. The same solution with a small addition of 
KjCrjO: tends to passivate the surface of the metal, 
thus retarding reaction with the rinse water. The reac¬ 
tion can occur in ordinary distilled water which has ab¬ 
sorbed carbon dioxide from the atmosphere, and in 
distilled water to which appreciable amounts of HCOj“, 
Cl“, SOi" and NOa~ ions have been added. The con¬ 
centrations of HCOj" and Cl“ ions appear to be im¬ 
portant in determining how a rinse water will act. 

The reaction can be prevented in the bad waters by 
the addition of enough HjSOa to reduce the pH of the 
water to about 3.0. A pH of 4.0 is satisfactory for most 


• Progress Report on Aircraft Spot Welding Research to the Office of Pro¬ 
duction Research and Development, War Production Board, Contract No. 
WPB-193. April 1945. 
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nitrate-heat-treated sheet but air-heat-treated sheet re¬ 
quires a greater degree of acidity. Reduction of the pH 
Is especi^y important when the water is to be used hot. 

The reaction can be retarded by the carry-over of acid 
from the treating bath into the rinse water. In other 
words, a certain amount of carry-over from the acid 
treating bath may sometimes be beneficial. In those 
cases where rinsing operations are responsible for the 
type of trouble described in this report, the obvious 
remedies are reductions in rinse time, water flow and 
water temperature, and, in extreme cases, control of the 
pH. 

Introduction 

At a number of aircraft plants trouble has been 
attributed to the-final rinsing operation in the chemical 
surface preparation of Alclad 2^-T sheet for spot weld¬ 
ing. The purpose of this investigation was to determine 
the effect of different rinse waters and rinsing techniques 
on the final surface condition of the sheet. 

This is the fourth report from this laboratory dealing 
with the surface treatment of aluminum alloys prior to 
spot welding. The three preceding reports appeared in a 
series of progress reports on research conducted for the 
N.A.C.A. and other agencies. The first report intro¬ 
duced the contact resistance measurement as an indi¬ 
cator of the weldability of an aluminum surface, and 
showed the critical nature of some chemical solutions.^ 
The second report presented treating characteristics for a 
large number of hot chemical solutions for removing or 
transforming the surface films on aluminum alloy sheet.* 
This report also described some limited work with pre¬ 
cleaning solutions for removing oil films, grease, paint, 
etc., from the surface of the metal. The third report pre¬ 
sented treating characteristics for a number of cold solu¬ 
tions, and it described the development of the hydro- 
fiuosilicic acid solution, which has proved to be a very 
efficient and economical solution for treating Alclad 
24S-T sheet at room temperature.* Throughout this 
previous work the emphasis was on the actual surface 
treatment to remove or transform the oxide film. Follow¬ 
ing this treatment the specimens were usually given a 
quick rinse in distilled water. This procedure was not 
comparable to the rinsing technique employed in the 
present investigation. 
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The scope of the present investigation has been limited 
in several respects. The rinse waters have included dis¬ 
tilled water, local tap water and several waters which 
were artificially prepared to simulate typical industrial 
waters. The aluminiun alloy material included Alclad 
24S-T in both the air-heat-treated and nitrate-heat- 
treated typ^ in thicknesses of 0.020, 0.040 and 0.064 in. 
Prior to rinsing the specimens were precleaned in acetone 
followed by trichlorethylene vapor, and then treated for 
the optimum time in a solution of hydrofiuosilicic acid. 
The ^ect of composition of the acid treating solution was 
briefly studied. Electrical contact resistance measure¬ 
ments were used to evaluate the effects of the different 
rinse waters. 


Apparatus 

The only special apparatus for this investigation con¬ 
sisted of a small press fitted with insulated copper elec¬ 
trodes and a suitable bridge circuit for measuring the 
electrical contact resistance between pairs of specimens. 
This equipment has been fully described in previous re¬ 
ports from this laboratory.*** 

Procedure 

The investigation was conducted using Alclad 24S-T 
specimens cut from both air-heat-treated and nitrate- 
heat-treated sheet in thicknesses of 0.020, 0.040 and 
0.064 in. The general procedure consisted of subjecting 
specimens to the following operations: 

1. Precleaning. 

2. Treating. 

3. Quick rinse. 

4. Rinse in test water. 


5. Drying. 

6. Measurement of contact resktance. 

This procedure is illustrated in Fig. 1. The precleaning 
ordinarily consisted of an acetone wash to remove identi¬ 
fication paint, followed by degreasing in trichlorethylene 
vapor. The hot alkaline degreasing solution was onlr 
used for special purposes. 

The specimens were surface treated in a solution of 
hydrofiuosilicic acid because this solution has con¬ 
sistently given satisfactory results at this laboratory and 
because it has proved to be a very efficient and eco¬ 
nomical solution in a nmnber of production installa- 
tions.*-* The solution contained 3% by volume of 28^( 
HjSiFe and 0.1% by weight of Nacconol NR wetting 
agent. 

Following the surface treatment the specimens were 
very quickly rinsed in distilled water to minimize the 
contanunation of the water under test by carry-over 
from the acid treating solution. This operation consisted 
of quickly immersing and withdrawing the specimens 
three times. The specimens were then immediately 
transferred to soak in the rinse water under test. 

In the test water it was desired to determine the effect 
of time of immersion and water temperature on the finaj 
surface condition of the specimens. Therefore, specimens 
were soaked in each test water for different periods o: 
time and at different temperatures. There was no agi¬ 
tation of the test water in any case. The composition o: 
the test waters is fully discussed later in the report. 

The specimens were dried in clean air after their 
moval from the test water. Specimens, such as these, 
must not be dried by wiping because it tends to produce 
high and inconsistent values of contact resistance. 

Electrical contact resistance measmements were 
adopted as the means for evaluating the effect of thf 
different waters and techniques on the final surface coc- 
dition of the specimens. These measurements were 
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Table 1—Types of Rinse Waters Investigated 

Water 

No. Type of Water 

1 Distilled water 

2 Distilled water + 500 ppm. CI“ 

3 Distilled water 4" 500 ppm. HC0i“ 

4 Distilled water + 500 ppm. SO*” 

5 Distilled water + 15 ppm. NOi“ 

6 Distilled water + 500 ppm. HCOi“ + 500 ppm. Cl“ 

7 Distilled water + 500 ppm. HCOi“ + 500 ppm. SO«‘ 

8 Distilled water + 500 ppm. HCOi" + 15 ppm. NO* 

9 Troy tap water 


adopted because previous research and production ex¬ 
perience had shown that such measurements are a good 
criterion of when the surface of aluminum alloy sheet is 
satisfactory for spot welding.^"* This contact resist¬ 
ance is measured by clamping the specimens between 
two copper electrodes and determining the sheet-to-sheet 
resistance by a standard method for measuring low 
values of resistance. Poor electrode tip life, welds of 
irregular shape, and expulsion of metal are to be expected 
when the contact resistance is high. Good tip life, uni¬ 
form welds and freedom from expulsion are to be ex¬ 
pected when the contact resistance is low, or less than 
about 75 microhms when measmed with electrodes hav¬ 
ing spherical faces, 4 in. in radius of curvature, and with 
an electrode force of 1000 lb. It should be understood 
that this value of contact resistance has been arbitrarily 
selected. Resistance values under 25 microhms are fre¬ 
quently obtained in the laboratory with good surface 
preparation. At the other extreme, it is doubtful if the 
best surface condition is obtained when the resistance 
values are much in excess of 150 microhms. In this re¬ 
port every value of contact resistance represents the 
average of a total of ten measurements on two pairs of 
specimens. 

Rinse Waters Investigated 

An examination of data on typical industrial waters for 
different sections of the coimtry indicated that the effects 
of Cl”, SO*“, NO*” and HCOs” ions should be investi¬ 
gated individually and in combination.® Therefore, a 
number of waters were artificially prepared by adding 
the sodium salts containing these ions to distilled water, 
as shown in Table 1. The concentrations were chosen 
so as to be slightly in excess of the maximum which 
might be found in any nattural industrial water. Dis¬ 
tilled water without any additions and local Troy tap 
water were also investigated. 

Typical analyses of the local tap water and waters 
used for rinsing at several aircraft plants are shown in 
Table 2. Type A is typical of water which has been ex¬ 


tensively used at one aircraft plant for the rinsing 
operation without any evidence of trouble. Type B is 
typical of the local Troy tap water. Types C, D and E 
represent waters at two other aircraft plants where the 
final rinsing operation has been suspected of causing 
trouble, but where the proof has been inadequate. The 
relativdy high bicarbonate ion content in the last three 
waters should be noted. 

Results 

Rinsing Time 

Using the procedure described above, the effect of 
time of immersion in the different waters at room tem¬ 
perature was first studied. The results obtained with 


TabU 2—AnalysM o£ Waters Reported to the R.P.I. Welding 


A 

Lancaster, 

Laboratory 

B C 

Troy, Cleveland, 

D E 

Litchfield Park 

Analysis 

Pa. 

N. Y. 

Ohio 

Ariz. 

SiO, 

3.5 


1.6 

33.0 

17.6 


0.7 


0.016 



Fe + +aDd A1 +++ 




2.'6 

1.2 

AUO, 

410 





Ca+-*- 

36.0 


sh'A 



Mg + + 

10.3 


9.2 



Na,0 

5.6 





KtO 

1.2 





HCOi” 



83.0 

192!o 

150.0 

so«- 

19.9 


25.2 

19.8 

23.0 

ci- 

6.8 


18.0 

21.0 

45.0 

Free Q* 



0.48 



F- 





6!5 

NOa' 

2!2 





CO* 



4.0 



CO,” 



0 

6 ’ 

o' 

Hardness 


47.6 




Total solids 



161 .'6 

250.0 

3o6!o 

Loss on ignition 



23.2 



Turbidity 


5^8 

0 


7.9'. 

pH 


6.9-7.0 

7.3 

7.10 

Alkalinity 


35.4 





Alclad 24S-T (0.020-in., nitrate-heat-treated) specimens 
are presented in Table 3. In all cases the contact re¬ 
sistance was very low when the specimens were dried 
and tested imme^ately following the initial quick rinse. 
With the exception of waters No. 4, No. 5 and No. 9, 
the contact resistance increased rapidly with immersion 
time in the test water. Waters containing either Cl" or 
HCOj" ions were especially reactive. 

It should be noted that the effect was very pronounced 
in the ordinary distilled water used in th^ laboratory. 
This water contains dissolved carbon dioxide and/ is 
slightly add in reaction. Subsequent experiments have 
shown that neutral distilled water, from which carbon 
dioxide has been removed by boiling, does not cause a 


Table 3—Effect of Time in Rinalng Alclad 24S«T Sheet (0.020-In., Nitrate-Heat-Treated) 


Water -Contact Resistance in Microhms- 


No. 

--Water Under Test——-- 

Composition 

pH 

Temp., 

*F. 

0 

Vi 

1 

Rinse 

2 

Time m . 
4 

Mmutes 

8 

16 

32 

1 

Distilled water (H*0) 

6.07 

75 

6 

54 

178 

232 

567 

210 

570 

1100 

2 

H,0 + 600 ppm. Cl- 

6.14 

75 

7 

540 

838 

>1100 

>1100 

>1100 



3 

H*0 -H 500 ppm. HCO," 

9.64 

68 

5 

76 

170 

124 

548 

621 

>1160 

>ii6o 

4 

HtO -f- 500 ppm. SO4" 

5.72 

75 

7 

39 

76 

74 

154 

200 

273 

668 

5 

HjO -|- 15 ppm. NO|“ 

6.68 

63 

4 

28 

28 

32 

96 

79 

211 

>1100 

6 

H,0 -f- 500 ppm. HCOr + 500 ppm. CI” 

7.70 

75 

5 

134 

224 

650 

>1100 

>1100 



7 

HjO 4 - 500 ppm. HCO*“ 4 * 500 ppm. SO4" 

8.03 

72 

4 

226 

235 

342 

596 

302 

7W 

>ii6o 

8 

HiO + 600 ppm. HCOr + 15 ppm. NO*" 

9.42 

’66 

7 

26 

114 

224 

459 

160 

655 

>1100 

9 

Troy tap water 

7.75 

70 

9 

22 

37 

59 

46 

99 

65 

151 


1948 


CHEMICAL TREATMENT FOR SPOT WELDING ALUMINUM ALLOYS 


Digitized by 


Google 


363-s 















Table 4—Effect of Temperature in Riziaing Alclad 24S-T Sheet (0.020*In., Nitrate-Heat-Treated) 


•Water Under Test 


No. 

Composition 

pH 

1 

Distilled water (HiO) 

6.60 

2 

HjO + 500 ppm. Cl- 


3 

H,0 -1- 600 ppm. HCOr 


4 

HjO -j- 600 ppm. SO«“ 

6.96 

5 

HiO -f- 15 ppm. NOi- 

6.68 

6 

H,0 + 500 ppm. HCO,- -f- 600 ppm. Cl” 

7.74 

7 

H|0 -j- 600 ppm. HCOi“ -1- 600 ppm. SO,” 

7.96 

8 

H,0 + 500 ppm. HCO,- -|- 15 ppm. NO,- 

9.36 

9 

Troy tap water 

7.87 


rise in contact resistance even after prolonged immersion. 

The reactivity of ordinary distilled water was surpris¬ 
ing because in previous work specimens had been with¬ 
drawn from a treating solution and directly soaked for a 
long time in a beaker of distilled water without any 
apparent effect. This suggested that in the latter pro¬ 
cedure enough acid had been carried over from the treat¬ 
ing solution by the specimens to protect them in the dis¬ 
tilled water. This was confirmed by measuring the pH 
of the quick-rinse bath in the present investigation. 
Starting at a little over 6.0 the pH quickly fell to about 
4.0 and tended to remain at this value after the first few 
specimens had been rinsed. 


Rinse 

Time, 


-Contact Resistance in N( 

Temperature of Water 

[icrohms— 
in “ F. 


Min. 

80 

100 

120 

140 

160 

Is 

1 

199 

96 

212 

430 

347 

C" 

1 

i46 


496 

792 

>ii6o 

>lli>' 

1 

16 

22 

112 

201 

368 

Gf.. 

1 

30 

50 

105 

111 

280 

6i: 

1 

238 

522 

>1100 

>1100 



1 

511 

1100 

>1100 




1 

142 

226 

418 

>ii6o 

>1100 

>ii(i: 

1 

23 

33 

74 

103 

108 



justed to approximately 4.0 by the addition of a smaS 
amount of H 2 SiF 6 . The effect of rinse time in these ad 
justed waters is illustrated by the data in Table 5. Wiii 
the exception of those containing HCOi" ions, the a(t 
justed waters had practically no tendency to raise tht 
contact resistance. The effect of temperature of water? 
with pH values of approximately 4.0 was next invest! 
gated and the results are presented in Table 6. When 
Table 6 is compared with Table 4, it is readily apparee: 
that with the exception of the waters containing HCOj' 
ions, the effect of temperature was much less pronounce: 
in the adjusted waters. 

The above experiments indicated that pH adjiistmem 


Table S—Effect of Rinee Time in Water with pH Adjusted by Addition of H^SiF* 


Water 

Temp., 


-Contact Resistance in Microhms- 
Rinse Time in Minutes 


No. 

Composition 

pH 

"F. 

0 

V. 

1 

2 

4 

8 

16 

33 

1 

Distilled water (H,0) 

4.07 

76 

6 

7 

8 

7 

7 

8 

10 

13 

2 

H,0 + 600 ppm. Cl- 

3.58 

72 

4 

4 

5 

8 

6 

8 

7 

10 

3 

H,0 + 600 ppm. HCO,- 

3.92 

73 

5 

8 

15 

17 

20 

22 

30 

110^' 

4 

H,0 + 500 ppm. SO,” 

3.71 

76 

4 

4 

5 

6 

7 

8 

8 

8 

5 

H,0 + 16 ppm. NO,- 

3.72 

70 

4 

4 

6 

8 

8 

6 

5 

8 

6 

H,0 -i- 500 ppm. HCO,” + 500 ppm. CI* 

3.92 

70 

5 

132 

93 

222 

315 

1100 

88 

225 

7 

H,0 + 500 ppm. HCO,“ -j- 500 ppm. SO,” 

4.41 

76 

5 

40 

89 

139 

54 

52 

68 

107 

8 

H,0 + 500 ppm. HCO,- -1- 15 ppm. NO," 

4.08 

70 

4 

6 

8 

16 

54 

112 

139 

454 

9 

Troy tap water 

4.02 

70 

10 

8 

9 

11 

8 

6 

8 

6 


Temperature of Rinse 

The effect of rinse-water temperature on contact re¬ 
sistance was next investigated keeping the rinse time con¬ 
stant at one minute. The results are presented in Table 
4. In all water with the exception of the Troy tap water, 
the contact resistance increased rapidly with increasing 
water temperature. 


pH Adjustment using HsSiFt 

Since the above observations had indicated that a cer¬ 
tain amount of carry-over from the acid treating bath into 
the rinse water might be beneficial, an experiment was 
conducted in which the pH of the rinse waters was ad- 


of the rinse waters by the addition of HjSiFs was ven 
beneficial in all cases except in those waters containin: 
HC0|~ ions. In such HCOj“-containing waters then 
was some reaction between the specimen and the ad 
justed water as evidenced by the evolution of gas. h 
was thought that the relatively large amount of HjSiF^ 
required to reduce the pH of these ^kaline waters to 4 .l 
was releasing enough fluoride ions into the solution, b;> 
SiFe” ion hydrolysis, to promote attack on the specimer 
surfaces. The next step in the investigation consisted 
of trying different acids, including HtS 04 , NaHSO, 
HNOs and HCl, for adjusting the pH of distilled water 
The results are presented in Table 7 which shows that 
these acids were equally effective at a pH of appron 
mately 4.0. 


Table 6—Effact of Tamparatiira of Rinse Water with pH Adjusted by the Addition of HfSiF* 





Rinse 


—Cont£ 

ict Resi 

[Stance m 
re of Wate 

Microhms- 

fW 4 VI ^ 

-- 

No. 

Water unacT i est ■> 

Composition 

pH 

Min. 

80 

1 ei 
100 

nperatu 

120 

140 

T in r, 

160 

18) 

1 

Distilled water (H,0) 

3.86 

1 

7 

10 

19 

25 

29 

r: 

2 

H,0 + 500 ppm. Cl- 

3.72 

1 

7 

10 

19 

22 

27 


3 

HjO + 500 ppm. HCO,- 

4.04 

1 

26 

84 

90 

158 

239 

>lltv 

4 

H*0 4 * 600 ppm. SO," 

3.67 

1 

5 

6 

9 

15 

21 

.>•> 

6 

HjO -i- 15 ppm. NO,- 

3.72 

1 

5 

6 

8 

8 

14 

15 

6 

11,0 + 500 ppm. HCO,- -|- 500 ppm. Cl" 

4.02 

1 

111 

88 

475 

>1100 

>1100 


7 

H,0 + 600 ppm. HCO,- + 5(X) ppm. SO,” 

4.41 

1 

68 

208 

646 

>1100 

>1100 


8 

H,0 + 600 ppm. HCO, - + 16 ppm. NO," 

4.08 

1 

24 

47 

58 

39 

79 

557 

9 

Troy tap water 

4.00 

1 

8 

8 

11 

9 

17 



WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 





SURMCe RE8ISTAMCE vt. TIME CF IW<8E 

OyOMTALOUe I4t-T 
IwnUTC N.Ti 


SURFACE REStSHkNCE VA TEMPERATURE OF RINSE 

IMTKATC N.T.) 
aate*MALM t4«-T 

TiMt sr mm • tm mm n t 



Tabu 7— E£Eact of Usina Difiorant Acids for Controlling tha 
pH ot tha Rinsa Watar 


Additions 








to 

Water 

..— 

-Contact Resistance 

in Microhms-~» 

Distilled 

Temp., 


Rinse Time in Minutes 


Water 

pH '»F. 

0 

Vi 

1 2 4 

8 

16 

32 

None 

6.07 75 

6 

54 ; 

178 232 557 

210 

570 

1100 

HtSiF, 

4.07 76 

6 

7 

8 7 7 

8 

10 

13 

H,SO« 

3.76 72 

4 

8 

7 11 16 

10 

18 

22 

NaHS04 

4.03 72 

5 

5 

8 7 10 

7 

7 

10 

HCl 

4.08 68 

5 

5 

6 7 9 

9 

10 

11 

HNO, 

3.90 60 

5 

5 

7 11 19 

35 

17 

20 

Additions 

Rinse 

•—Contact Resistance in Microhms—» 

to Distilled Time, 

Temperature of Water in ® 

F. 

Water 

' pH Min. 

80 

100 120 

140 

160 

180 

None 

5.50 

1 

199 

96 212 

429 

347 

627 

H»SiF, 

3.86 

1 

7 

10 19 

25 

29 

37 

H*S04 

3.75 

1 

7 

9 10 

18 

16 

19 

NaHSO« 

4.03 

1 

5 

5 8 

8 

12 

47 

HCl 

4.04 

1 

9 

8 16 

20 

16 

30 

HNOi 

3.87 

1 

8 

11 23 

23 

32 

30 


pH Adjustment Using HtSOt 

As a result of the latter experiments, it was decided to 
try adding HjS 04 to the waters containing HCOj~ ions 
which coiUd not be satisfactorily corrected by the addi¬ 
tion of HjSiF®. The results are shown in Tables 8 and 9. 
In these HtSO«-adjusted waters, time and temperature of 
rinsing had practically no effect on the contact resist¬ 
ance. The results for distilled water are graphically 
shown in Figs. 2 and 3. Similar results for water No. 6 
containing HCOi“ and Cl“ ions are shown in Figs. 4 
and 5. The above results dearly indicated that it was 
better to control the pH of the rinse water by additions 
of HjSO® than by additions of H 2 SiF#. 

Efect of Varying pH 

The rdationship between contact resistance and the 
pH of the rinse water was next investigated with the rinse 
time held constant at four minutes. The results are 
shown in Fig. 6 for distilled water adjusted with HsSO®, 
and in Fig. 7 for distilled water plus 500 ppm. Cl“ ad¬ 
justed with HjSO®. These figures show that a pH of 4.0 


Table 8—Effect of Riziee Time in Water with pH Adjxtsted by A ddition of HySO® 


Water --Contact Resistance in Microhms- 


No. 

-Water Under Test-. 

Composition 

pH 

Temp., 

^ F. 

0 

‘A 

Rins 

1 

e Time 
2 

: in Mil 
4 

lUtes 

8 

16 

32 

1 

Distilled water (HjO) 

3.75 

72 

4 

8 

7 

11 

16 

10 

18 

22 

3 

HiO + 600 ppm. HCOj" 

3.62 

76 

5 

6 

12 

9 

12 

15 

10 

22 

6 

, HjO + 500 ppm. HCO»“ 500 ppm. Cl~ 

3.93 

77 

5 

6 

7 

8 

6 

7 

8 

11 

7 

HjO -j- 600 ppm. HCOj” -i- 500 ppm. SO*" 

3.95 

74 

5 

5 

6 

6 

7 

6 

9 

8 

8 

HjO -i- 500 ppm. HCOj" 4- 15 ppm. NOi“ 

4.02 

77 

4 

6 

5 

5 

6 

7 

8 

9 
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SURFACE RESISTANCE vs. TIME OF RINSE 


SURFACE RESISTANCE VS. TEMPERATURE OF RINSE 
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SURFACE RESISTANCE vs. pH OF RINSE WATER 


SURFACE RESISTANCE vs. pH OF RINSE WATER 
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SURFACE RESISTANCE v*. pH OF RINSE WATER 
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Tabl* 9—Z^*ct of Tomporatiir* of Rixwo Water with pH Adjusted by Addition of H 1 SO 4 

Rinse --Contact Resistance in Microhms- 



———Water Under Test-- 


Time, 


Temperature of Water in 

* F. 


No. 

Composition 

pH 

Min. 

80 

100 

120 

140 

160 

180 

1 

Distilled Water (HjO) 

3.76 

1 

7 

9 

10 

18 

15 

19 

3 

H,0 -1- 600 ppm. HCO»- 

3.62 

1 

10 

10 

10 

11 

16 

22 

6 

H,0 -h 600 ppm. HCOj- 4- 600 ppm. O" 

3.93 

1 

9 

13 

13 

16 

20 

30 

7 

HiO -i- 600 ppm. HCO|“ -f 500 ppm. 804“ 

3.96 

1 

8 

10 

10 

11 

15 

20 

8 

H,0 -h 600 ppm. HCO,- -|- 15 ppm. NO,- 

4.02 

1 

7 

10 

11 

12 

16 

20 


Table 10—Effect of pH and Rinse Time on the Contact Resistance of Air-heat-treated Alclad 24S-T, 0.020 In. in Thieknen 


Water 

No. Additions to Distilled Water 

la None 

lb Adjusted with HtS04 

60 600 ppm. HCOj" + 500 ppm. CI“ 

66 600 ppm. HCC>|“ -h 500 ppm. Cl“ (adjusted with HtSO*) 
6c 600 ppm. HCOi~ + 600 ppm. Cl~ (adjusted with HtS04) 


pH 

Water 

Temp., 

“F. 

0 

V. 

—Contact Resistance in Microhms— 
Rinse Time in Minutes 

1 2 4 8 16 

33 

7.25 

70. 

9 

44 

74 

179 

391 

484 612 

>1100 

3.75 

70 

8 

28 

54 

92 

127 

131 175 

250 

7.83 

70 

8 

136 

338 

616 

954 

>1100 >1100 

>1100 

3.82 

70 

8 

142 

240 

1100 

>1100 

>1100 >1100 

>1100 

2.80 

70 

8 

10 

10 

12 

18 

14 17 

19 


was a fortunate choice in the earlier work. There was no 
apparent reaction between the specimens and the rinse 
water until the pH was reduced to less than 1.0. Figures 
8 and 9 show the effect of pH in distilled water plus 5(X) 
ppm. HCOa" adjusted with HjSOi, and in distilled water 
plus 500 ppm. HCOj“ plus oOO ppm. CI“ adjusted with 
HsS 04 . The curves in these figures exhibit some interest¬ 
ing irregularities between a pH of 4.0 and of 2.0. In all 
of these cases, a water having a pH of approximately 4.0 
or below gave satisfactory rinsing results. 

Air-heat-treated Stock 

Up to this point in the investigation all of the work had 
been done using Alclad 24S-T, 0.020-in. stock which had 
been heat treated in a nitrate bath. Previous research 
has shown that stock which has been heat treated in an 
air furnace reacts more quickly and vigorously with the 
acid treating solution tl^n stock which has been heat 
treated in a nitrate bath. Therefore, the next step was to 
determine how air-heat-treated sheet is affected by the 
different rinse waters. The results are presented in 
Table 10 for 0.020-in. material. In plain distilled water 
(No. lo), the specimens behaved practically the same as 
nitrate-heat-treated specimens. The same thing was 
true in water containing HCOa" and Cl“ ions (No. 6fl). 
WTien the pH of these waters was reduced to about 3.8 
by the addition of HjS 04 , however, the contact resistance 
still increased as the rinse time was increased. This 


indicated that air-heat-treated stock might require a 
greater acidity in the rinse water than the nitrate-heat- 
treated stock. Therefore, enough HjSOi was added lo 
water containing HCOi" and Cl“ ions (No. 6c) to reduce 
its pH to 2.8. In this water the contact resistance was 
not affected by rinse time, as shown in Table 10. The 
relationship between the pH of the water and contact 
resistance after rinsing air-heat-treated stock was next 
investigated more thoroughly. The results are shown 
in Fig. 10 which confirms the above observation that a 
more'acid rinse water is needed for this material. WTien 
a pH of about 4.0 is satisfactory for nitrate-heat-treated 
stock, a pH of about 3.0 is required for the air-heat- 
treated stock. 

0.040 and 0.064-In. Stock 

Since all of the previous results had been obtained with 
sheet 0.020 in. in thickness, the effect of gage was next 
investigated. The results for 0.040- and 0.064-in. ma¬ 
terial are shown in Tables 11 and 12. It will be noted 
that these results fully confirm the observations made on 
the 0.020-in. material. 

Additions to the Treating Bath 

A few brief experiments indicate that composition of 
the acid treating bath is also an important factor in de¬ 
termining how .^clad 24S-T sheet wiU be affected by the 
final rinse. Since the chromates are noted for their pe- 


Tabl* 11—Data on the Rinsing of Alclad 24S-T in tha 0.040-In. Gaga 


Water --Contact Resistance in Microhins- 


Additions to 

Tsrpe of 


Temp., 




Rinse Time in Minutes 



Rinse Water 

Heat Treatment 

pH 

® F. 

0 

‘A 

1 

2 

4 

8 

16 

32 

None 

Air furnace 

7.86 

70 

22 

214 

305 

796 

>1100 

>1100 

>1100 

>1100 

H,SO« 

Air furnace 

3.12 

72 

6 

9 

10 

13 

14 

4 

17 

15 

None 

Nitrate bath 

7.86 

68 

3 

15 

29 

100 

166 

466 

>1100 

>110" 

HtSOt 

Nitrate bath 

3.87 

70 

4 

6 

7 

6 

6 

6 

6 



Tabla 12—Data on tha Rinsing of 


Water 


Additions to 
Rinse Water 

Type of 

Heat Treatment 

pH 

Temp., 

® F. 

0 

None 

Air furnace 

8.12 

68 

12 

HtSO* 

Air furnace 

3.04 

72 

8 

None 

Nitrate bath 

8.12 

70 

5 

H,S04 

Nitrate bath 

3.90 

70 

3 


AlcUd 24S-T in tha 0.064-In. Gaga 

-Contact Resistance in Microhms 

Rinse Time in Minutes 


V* 

1 

2 

4 

8 

18 

32 

108 

no 

263 

634 

414 

>1100 

>110' 

9 

9 

22 

34 

53 

25 

4' 

31 

74 

163 

380 

652 

>1100 

>110’ 

4 

6 

4 

5 

6 

5 

' 
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culiar passivating action on metallic surfaces, a small 
amount of KiCrsOr was added to the.HjSiFe treating 
solution and the basic rinsing experiment was repeated. 
The results are shown in Fig. 11. The effect of the 
KsCrjOr was to provide substantial protection for the 
treated specimens in bad rinse water. However, the pro¬ 
tection was not as complete as when the pH of the rinse 
water was reduced to the proper value by the addition of 
HjS 04 . The effect of the j^CriO? practically disappeared 
when the temperature of the rinse water was increased 
above room temperature. This experience indicates 
that the effect of rinse water in raising the contact re¬ 
sistance may vary with the different surface-treating solu¬ 
tions that are in common use at the aircraft plants. 

Practical Significance 

The practical significance of this work is obvious. In 
those situations where rinse water does cause the type of 
trouble discussed in this report, the time of rinse should 
be kept at a minimum and in some instances the flow of 
rinse water should be reduced. In extreme cases the pH 
of the rinse bath can be automatically controlled. The 
results indicate that control of pH is probably most im¬ 
portant when a hot final rinse is employed. 

The rinse waters most likely to cause trouble are those 
containing high concentrations of Cl“ or HCOj“. In 
practice, this would mean that difficulties are likely to be 
experienced with waters having a high total alkalinity, 
since the alkalinity is a measure of the HCOa" and C0|~ 
ion concentration. In waters where Ca"*"^ and Mg^"^ 
are the principal metal ions present, the difference be¬ 
tween the hardness and the alkalinity is a rough measure 
of the total concentration of Cl“, SO“ and NO>“ ions, 
and might be a useful criterion 

The effect of composition of the acid treating bath on 
reactions in the rinse water is definitely a subject for 
further research. Likewise, the relationship between 
contact resistance and electrode tip life should be more 
thoroughly investigated. 

Conclusions 

The following conclusions have been reached with due 
regard to the limitations of this investigation; 

1. A reaction sometimes occurs between the freshly 
treated surface of Alclad 24S-T sheet and the final rinse 
water employed in preparing the sheet chemically for 
spot welding. The effect is to raise the contact resistance 


of the treated sheet. A high contact resistance can be 
expected to cause poor electrode-tip life, irregular wdds 
and other difficulties associated with faulty surface 
preparation. 

2. When the reaction occurs, the contact resistance 
increases rapidly with increasing rinse time and water 
temperature. The rate of the reaction depends upon both 
the composition of the surface-treating solution and the 
composition of the rinse water. 

3. While very little is known about the effect of com¬ 
position of the treating solution in this respect, the reac¬ 
tion has been observed following the treatment of 
Alclad 24S-T in a solution of HjSiFe. The same solution 
with a small addition of KsCrtO? tends to passivate the 
surface of the metal, thus retarding reaction with the 
rinse water. 

4. The reaction can occur in ordinary distilled water 
and in distilled water to which appreciable amounts of 
HCO»“, Cl“, SO*" and NOa” ions have been added. 
The concentrations of Cl” and HCOs” ions appear to be 
most important in determining how a rinse water will act. 

5. The reaction can be prevented in the bad waters 
by the addition of enough HiSO* to reduce the pH of the 
water to about 3.0. A pH of 4.0 is satisfactory for most 
nitrate-heat-treated sheet but air-heat-treated sheet re¬ 
quires a greater degree of acidity. Reduction of the pH is 
especially important when the water is to be used hot. 
The same effect is sometimes obtained by carry-over of 
acid from the treating bath into the rinse water. 

6. In those cases where rinsing operations are re¬ 
sponsible for the type of trouble described in this report, 
the obvious remedies are reductions in rinse time, water 
flow and water temperature, and, in extreme cases, con¬ 
trol of the pH. 
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Arc Welding of Rail Steel* 

By C. B. Haynest, William H. Graitt and Raymond G. Spencert 


y4 PPLICATION of the common welding methods 
/% to rail steel has been investigated at Armour 
1 % Research Foundation at the instance of the Rail 
Steel Bar Association, and some of the information ob¬ 
tained on arc welding is published in this article through 
the courtesy of that association. 

Bars and shapes are produced from selected railroad 
rails of re-rolling quality. Such bars and shapes are 
used in many markets, such as for agricultural equip¬ 
ment, in the bedding industry, for fence posts and for 
concrete reinforcing bars. The rails are heated to the 


* Reprinted from Metal Protress, May 1945. 

t Metallurgist, Assistant Metallurgist, and Chairman, Metals Research, 
Ilespectively, Armour Research Foundation, Chicago, Ill. 


proper temperature, de-scaled with water spray and 
passed through slitting rolls which separate them into 
three elements, the head, web and flange. Each ele¬ 
ment then passes to appropriate rolls where it receives 
the necessary number of passes to reduce it to the de¬ 
sired cross section. Rolling temperature is such that 
the finishing temperature is low enough to insure a rela¬ 
tively fine-grained product. The stock is usually air 
cooled, resulting in a microstructure combining high 
yield strength with satisfactory ductility. 

Due to the limiting cross section of the original rail 
element and the reduction necessary to form the desired 
shape, rail steel products are light in section, ranging 
below 5 lb. per linear foot; gages of the angles, flats 
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and other sections are mostly '^/it down to ’/m in. These 
standardized light sections are a distinct advantage from 
the standpoint of arc welding, making the process feasi¬ 
ble for rail steel where it might not be for similar high- 
carbon steels of heavier section. 

Carbon content varies with weight of the original rail 
but the analysis usually falls within the following limits: 

C Mn Si S P 
Maximum 0.90 0.90 0.30 0.05 0.04 

Minimum 0.35 0.55 0.20 . 

By selecting rails according to weight, the carbon com¬ 
position can be held within fairly close limits. 

The welding of rail steel, then, is the welding of plain 
carbon steels of analysis varying from the conventional 
limit of weldability without special precautions, up to 
hyper-eutectoid analysis. 

The value of preheating the steel and of stress relieving 
the weldments has been proved by past research on dif¬ 
ficulty weldable steels. However, these operations are 
time-consuming, expensive and sometimes impractical. 
The object of the study now being reported was to ob¬ 
tain the highest quality of arc weld possible without the 
aid of preheat or stress relief. 

As far as the carbon content is concerned, hardenabil- 
ity increases with increasing carbon content to a maxi¬ 
mum at the eutectoid composition. Consequently, any 
procedure that would successfully weld eutectoid rail 
steel should also be successful on any other rail steel 
composition, provided the manganese and other chemical 
elements remained about the same. Reference to the 
composition limits quoted above will indicate the prob¬ 
able variations to be expected. For this reason, the lots 
of rail steel chosen for arc-welding tests were practically 
of eutectoid composition. 

The welds were tested statically and under dynamic 
loading. Bar specimens for static tensile testing (Fig. 
1) were prepared transverse to the weld with the joint 
at the mid-section of the throat of the specimen. Speci¬ 
mens were machined and carefully finished to avoid over¬ 
heating the surface during the finishing operation. 

The usual notched-bar impact tests are not desirable 
for transverse testing of weldments under dynamic 
loading, because the position of the notch predetermines 
the point of break, and for transverse testing, the speci¬ 
men should be free to break at the weakest point without 
prejudice. Consequently we used tensile impact tests 
on bars machined as shown in Fig. 2. 

The chemical analyses and physical properties of the 
rail steels used for weld tests are given in Table 1. These 
physical properties were also determined on test bars 
prepared from unwelded stock, and dimensioned as 
shown in Figs. 1 and 2. 

A preliminary series of bead-weld tests were made to 
determine the microstructure in the heat-affected zone 
resulting from different heat-input rates. These beads 
were laid with automatic equipment lengthwise on 10 x 


4^/8 X Vs'in. rail steel flats, analyzing 0.73% C, 0.80% 
Mn and 0.03%*S. Cross sections for micrographs were 
made 5 in. from the starting end of the bead. Heat in¬ 
put was varied from 4800 to 11,000 joules per inch ol 
bead. Martensite was very much in evidence in the 
heat-affected zone at low heat inputs, and disappeared at 
above 7500 joules per inch. At 11,000 joules per inch 
the heat-affected structure was pearlitic, matching very 
closely that of the rail steel, as rolled. 

Heat-affected structures near the fusion zone from the 
above series of bead welds at 5000, 7500 and 11,000 joules 
per inch of bead are shown in Figs. 3, 4 and 5, respec¬ 
tively. These sections were etched with 4% picral; 
martensite appears as white areas. 

Bead-bend tests were made of similar samples, wherein 
the beads were machined flush with the plate surface. 
A lV*-in* strip, with the bead remnant along the center 
line, was bent in a standard jig so the maximum fiber 
stress was parallel to the bead direction and on the ma¬ 
chined bead surface. In these tests, bead ductilities 
improved with increase in heat input rate up to 11,000 
joules per inch of bead. For higher heat inputs there 
seemed to be a slight reduction in the maximum angle of 
bend; this was attributed to increase in grain size in the 
heat-affected zone. 

These preliminary tests indicated that a satisfactory- 
heat input rate for arc welding this steel was 11,000 joirles 
per inch of bead on Vs-in. material. Figiued back to the 
unit area of metal conducting heat away from a continu¬ 
ous bead, this value is 11,000 x 4 = 44,000 joules per 
square inch. 

Although this value is an optimum heat input for 
welds in this steel, the effects of higher heats are less 
serious than those of allowing the heat to drop below this 
optimum. Heat inputs for the welded joints later to be 
tested in tension and impact were based on the above 
optimum heat of 44,000 joules per square inch. It 
frequently necessary to exceed this rate with some weld 
rods and in some types of joints to insure proper penetra¬ 
tion and bead contour. 

Test welds were made by hand, because equipraeci 
was not available for weaving the passes with automatic 
control. Also it was believed that the hand welds, while 
admittedly having poorer experimental control than the 
automatic welds, had a certain advantage from the prac¬ 
tical standpoint because they illustrated what it was 
possible to do with manual control. Our welder had had 
comparatively little arc-welding experience and it is 
probable that better results can be obtained in produc¬ 
tion. 

Data on Test Welds 

Data on the test welds are shown in Table 2. The 
letters in the weld number refer to the lot of rail sted 
used. The electrode numbers refer as follows; No. 1 is 
an electrode of A.W.S. Class E-7011 type and was usee 
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Fig. 3 (top): Fig. 4 (middle); Fig. 5 (bottom)-—Etched Struc¬ 
ture at 1(X) Diameters at Edge oi Heat-Affected Zone 

Heat imput: 5000 joules per Inch for Fig. 3, 7500 for Fig. 4 
and 11,000 joules per inch for Fig. 5. No martensite (white 
areas) exists under weld heads made with high heat imputs. 


Table 1— Rail Steel Uaed for Welding 




Tbmsilb 

Stunotb 

Elongation 
IN 2 In. 

Tension 

Impact 


D 

Mn 

S 

A 

0.76 

0.79 

0.028 

135,000 psl. 

16.09b 

151 ft-lb. 

B 

0.78 

0.68 

0.027 

123,000 

21.0 

144 

D 

0.74 

0.85 

0.024 

124,000 

12.5 

132 

B 

0.84 

0.56 

0.050 

148,000 

16.0 

153 

N 

0.87 

0.67 

0.037 

146,000 

14.0 

• ♦ • 


0.74 

0.68 

0U)S0 

125,800 

17.0 

152 


with alternating current; No. 2 is an electrode of A.W.S. 
Class E-lOOlO type and was used with direct current, re¬ 
verse polarity; No. 3 is a high-carbon (1%) electrode 
used with direct current, straight polarity. All elec¬ 
trodes were V» in- nomingil diameter. 

All welds were single-V, butt joints with back-up plate. 
Design A was a 60® V with Vs-in. root; design B was a 
40® V with root. Rail steel pieces were 5 x S'/s x 
’/a in., butt welded to form pieces 10 in. long. The 
pieces were clamped between chill plates overlapping to 
within 2 Vj in. of the weld on each side; the back-up 
plates were tack welded in place. Each pass was woven 
the entire width of the groove and all passes proceeded 
in the same direction across the joint. Interpass tem¬ 
perature was maintained at from 400 to 500° F. Test 
bars were then cut from the mid-section of the welds, 
rejecting the edges. The time for each pass was deter¬ 
mined by a stop watch. Heat input was calculated from 
time, current and voltage. The optimum heat input 
for these joints should have been 33,(X)0 joules per inch 
for each pass; actual heat was slightly under in a few 
cases, but—as shown in Table 2—usually far in excess of 
this optimum. 

Results of the physical tests on bars from these welds 
are given in Tables 3 and 4. 

Ductility is best in the five-pass welds S18 and S19. 
This seems to confirm the indication of the bead-bend 
tests, namely, that some ductility is lost by a higher heat 
input rate per inch of pass. However, in these multiple- 
pass welds, the degree of grain refinement due to succes¬ 
sive heat passes is also a factor to be considered. 

Occasional micro-cracks are noted in the weld metal 
deposited during the first pass, observable only on etching 
a cross section. It is significant that when they occur 
they always are in the deposit instead of in the heat- 
affected zone of the rail steel. There is no apparent cor¬ 
relation between the ductility of the weldments and the 
occurrence of these micro-cracks. They are attributed 
to the relative weakness of the deposit metal as compared 
to the rail steel and not to any brittleness in the rail steel 
caused directly by the welding heat. 

The relative weakness of the deposit metal as com¬ 
pared to the base metal limits the over-all ductility to be 
expected from the weldments. Most of the elongation 
under tensile test occurs within the weld metal itself. 
Due to this fact, the average ductility in a 2-in. gage 
length is much less than it would be if the weld metal and 
parent metal were of equal strength. It is believed that 
if an electrode were available which could lay a deposit 
that matched both the strength and the hardenability of 
the rail steel, the resulting weld would show a much 
liigher figure for elongation. Numerous electrode typ)es 
£tnd makes were tried but none was found which com¬ 
pletely met this dual requirement. 

Conclusion 

Welders generally believe that high-carbon steels can¬ 
not be welded successfully without preheat and stress 

{Continued on page 400-s) 
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The Impact Strength of Some Metallic 
Arc Weld Metal Deposits at Elevated 

Temperature* 

By John F. Eckel^ and R. J. Raudebaugh^ 


Introduction 

I N A recent review of literature, by Spraragen and 
Claussen,* previous knowledge of auto-cracks has 
been well summarized. These cracks have been de¬ 
scribed as similar to hot tears in castings and have been 
attributed by many investigators to the relatively low 
strength and low ductility characteristics of weld metal 
at high temperatiu-es. One outstanding observation 
which lends support to this theory is the fact that auto- 
cracks which reach the surface are oxidized. The surface 
of such cracks has been described as “blued” which 
would indicate that their formation did not occur at 
excessively high temperatures. Neither the exact tem¬ 
perature where a loss of ductility occurs nor the cause of 
such a loss of ductility in weld metals has been reported. 
To date, little coordinated work has been undert^en to 
determine these factors. 

The purpose of this investigation is twofold; first, to 
determine the temperature range at which a loss of 
ductility occurs in weld-deposited metal and, second, to 
determine the cause of such loss of ductility. Such 
knowledge should be of value in predicting auto-cracking 
tendencies. 

Considerable data, available in the literature,* * show 
that commercially pure iron and many steels exhibit a 
characteristic minimum in impact-temperature curves 
near 1000° F., but a conclusive explanation is lacking. 
It has been suggested* that the minimum impact strength 
of mild steels generally occurring in the vicinity of 
1000° F. might possibly be relat^ to the blue brittle 
phenomenon common to these same materials. Blue 
brittleness is characterized by a drop in ductility or in¬ 
crease in. brittleness and a maximum in tensile strength 
at temperatures between 400 and 650° F. The actual 
temperature at which the maximum occurs is appar¬ 
ently dependent on the rate of testing. High testing 
rates tend to increase the temperature at which the 
tensile strength is maximum. It is conceivable that the 
point of minimum impact strength, or maximum brittle¬ 
ness, is a manifestation of this same blue brittle phe¬ 
nomenon occurring at somewhat higher temperatures 
under the influence of greater testing speeds. 

Kenyon and Bums* have shown that killed steels which 
are free from blue brittleness characteristics are likewise 
free from strain-aging tendencies, thus indicating a 
possible common cause for these two phenomena. 

Low and Gensamer* have demonstrated that the 
yield-point elongation and strain-aging characteristics 
of low-carbon steels can be eliminated by a prolonged 

* BMed oa a Ph D. tbesia at Purdue Uaiverslty. 

tAsaodate ProfeMor in Metallurgical Hngiaeeriag, Purdue University, 
Lafayette. lad. 

! Auiitaat Professor of Metalfurgy, Uoiversity of Rochester, Rochester, 
N. Y, 


anneal in wet hydrogen at 1330° F. Material whidi 
has been treated in this manner will again exhibit a 
yield-point elongation and strain-aging tendencies after 
being subjected to an anneal in carburizing and nitriding 
atmospheres. This indicates that carbon and nitrogen 
both contribute to yield-point elongation and strain¬ 
aging characteristics of steels. 

If the minimum in impact-temperature curves occur¬ 
ring at about 1000° F. were a related phenomenon, 
removal of carbon and nitrogen by wet hydrogen should 
eliminate this dip in the curve, and subsequent exposure 
to carburizing or nitriding conditions might cause it to 
return. In view of such existing evidence, this investi¬ 
gation has included the effect of carbon and nitrogen on 
the impact-temperature curve for a typical mild steel. 

Preparation of Specimens 

There is no universal standard impact specimen for 
testing welded joints. Welds from which various types 
of all-weld metal specimens are to be prepared ait 
commonly made using */ 4 -in. plates, extending 5 in. on 
either side of the weld* so as to introduce a substantial 
mass cooling effect. 

Hot rolled, 0.2% C steel plate, V* thick, was used 
in the preparation of welded specimens for tests de¬ 
scribed herein. Pieces 30 in. wide by 6 in. in the rolling 
direction were cut and beveled 60° for a single-V weld 
along the 30-in. dimension. They were placed in posi¬ 
tion for welding with a back-up strip under the root of 
the V which was open about */u in. A diameter 

rod was used for the first pass to instue satisfacton- 
penetration at the root of the weld. Subsequent passes 
were made widi */i6-in. rod. Five to six passes were 
made on each weld. Details of the actual welding opera¬ 
tion employed for the various rods are summarized in 
Table 1. 


Tabl« 1«-W«ldixig, Proe«dur« Us«d In W*ld*dSAmpl* 
Preparation 

-Electrode-« •-Welding Conditions- 


Type 

Size, In. 

Polarity 

Amperage 

Arc Voltage 

E6012 

»/« 

Straight 

170-200 

22-25 

E6012 

Vt. 

Straight 

180-200 

23-25 

E6020 

‘/n 

Straight 

180-200 

30-35 

E6020 


Straight 

180-200 

30-35 

309 Stainless 

•/« 

Reversed 

140 

26 

309 Stainless 


Reversed 

160-180 

25 


Two additional pairs of plates were prepared for weld¬ 
ing with EGO 12 and EG020 rods, as described previously, 
but tliey were clamped to a steel top table with four larjre 
C clamps to introduce restraint during welding. 
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Fig. 1—Typical Impact Spaciman—^Actual Sisa 


Another group of the hydrogen annealed specimens 
was heated to 1300® F. and held for 2 hr. at that tempera¬ 
ture in the presence oi a mixture of molecular nitrogen 
and heptane vapors. The arrangement of the annealing 
train used is shown below: 


After the welding, the back-up strip was removed. 
From the welded plates, a piece was cut 30 in. long by 
about 2V* in. wide, 1V 4 in. on either side of the weld. A 
piece approximately 3 in. in the direction of the weld was 
discarded from each end of this 30-in. strip to eliminate 
end effect. The remaining 24-in. piece was milled flat 
with a thin cut on the root side and then turned over and 
milled from the face side of the weld to a thickness of 
about 0.4 in. It was then sawed into pieces 0.4 in. wide, 
yielding blanks 0.4 in. square by 2Vs in. long. 

These pieces were made into standard-size keyhole 
notch specimens with the notch cut from the root side 
of the weld as shown in Fig. 1. 

Since the weld metal was expected to have the some¬ 
what limited toughness and ductility characteristics of 
cast metal, it was thought that the subdued notch 
effect of the keyhole specimen might be desirable. Such 
specimens have been used by other investigators in study¬ 
ing room temperature impact strengths of weld metal.^ 
Chemical analyses of the parent plate, rods and de¬ 
posited metal are given in Table 2. 


Tabu 2—Chaxnioal Analysia of Plat*, Rods and Th*ir 
R*ap*etiva Wald M*tal D^oaits 





-Analysis- 



Material 

%c 

% Mn 

%Si 

%Cr 

%Ni 

Plate 

0.20 

0.40 

0.007 



E6012 Rod 

0.16 

0.43 

0.006 



£6012 Weld Metal 

0.08 

0.32 

0.060 



£6020 Rod 

0.23 

0.46 

0.017 



£6020 Weld Metal 

0.11 

0.30 

0.19 



Tjpe 309 Rod 
(nominal comp.) 

0.2 

2.0 


22-24 

12-16 


max 





Type 309 Weld 






Metal 

0.14 

1.27 


19.29 

11.96 


The inclusion content of weld metal from the E6020 
rods is shown in Fig. 2. This photomicrograph shows 
one inclusion representative of the largest oteerved in 
the various samples examined. In the weld metal from 
the E6012 rods, smaller and less numerous inclusions 
were found. There were still fewer inclusions in the weld 
metal from the Type 309 stainless rods. 

In order to determine the possible effect of carbon and 
nitrogen on the dip in the impact strength-temperature 
curves occurring near 1000® F., unweld^ plate samples 
both V and keyhole notch types were annealed in wet 
hydrogen for about 600 hr. at 1330® F. A number of 
these specimens were then tested at various temperatures 
from 70 to 1200® F. 




Nitrogen 


PiO. 

Drieri 




Satu¬ 

rator 


Trap 


Tube 

Furnace 


Bubbler 


To 

Vent 


Sckomattc Diagram Annealing Train 


At the end of 2 hr., the heptane saturator was removed 
from the train and the heating of samples was continued 
for 24 hr. in an atmosphere of dry nitrogen to promote 
the diffusion of carbon. These specimens were then 
tested at the same temperatures as the hydrogen- 
annealed specimens. 

A third portion of the hydrogen-annealed specimens 
was heated to 930® F. and held for 24 hr. in the presence 
of ammonia vapors and molecular nitrogen. Tlie train 
was similar to that described previously except that the 
heptane saturator was replaced by a liquid ammonia 



TBST TEUPERATURB,°P. 

Rg. 3—Chaipy Impact Strength of Koyhol* Notch Sp*cim*nf 
w. T*mp*iatnr* 

1— Unwelded plate. 

2— E6012 rod-^>lates Teetrained duriiig weldbig. _ 

3— E6012 rod—no restraint on plates during weld^. 


saturator cooled with dry ice. After 24 hr. the ammonia 
saturator was removed, and the heating of samples was 
continued for another 24 hr. in an atmosphere of dry 
nitrogen to promote the diffusion of nitrogen. These 
specimens were then tested at the same temperatures 
used in the case of those tested after hydrogen annealing. 

In both the anneals described above it was plann^ 
that the molecular nitrogen would first serve as an inert 
carrier of the reactive vapors and as a neutral or inert 
atmosphere during tlie diffusion period. In order to be 
certain that the molecular nitrogen was truly inert at 
these temperatures, a fourth and final group of the 
hydrogen-annealed specimens was heated for 24 hr. in a 
stream of this gas at 1330® F. and tested at the same 
temperatmes as the other three groups. 


Fig. 2—Weld Metal from E6020 Rod Unetched. 500 X 


Testing Procedure 

Specimens were tested at various temperatures from 
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room temperature to 1800° F. by beating them in a small 
mufiSe furnace for about Vj hr. They were then trans¬ 
ferred quickly to the impact machine where they were 
broken within approximately 4 sec. 

It was estimated from cooling curve data that actual 
sj^iraen temperatures at the time of break were well 
within +0° F. and —30° F. of the furnace temperature 
for all controller settings of 1200° F. and lower. All 
graphs included herein were plotted using actual furnace 
temperature as the testing temperature. 

A list of test lots investigated is given in Table 3. 


Table 3—Description of Test Lots Investigated 


Test Lot 

Plate 

Rod 

Treatment 

1 

0.20%C 

None 

As hot rolled 

2 

0.20% C 

E6012 

Welded without restraint 

3 

0.20% C 

E6012 

Welded with restraint 

4 

0.20%>C 

E6020 

Welded without restraint 

5 

0.20% C 

E6020 

Welded with restraint 

6 

0.20% C 

Type 309 

Welded without restraint 

7 

0.27% C 

None 

Annealed 215 hr. in vacuo at 




1330° F. 

8 

0.27% C 

None 

Annealed 620 hr. in wet hydro¬ 




gen at 1330°F. 

9 

0.27% C 

None 

Annealed 620hr. in wet hydrogen 




and 2 hr. in heptane vapor at 
1330° F. 

10 

0.27% C 

None 

Annealed 620 hr. in wet hydro- 


gen and 24 hr. in dissociated 
ammonia at 925° F. 


Results of Tests 

Numerical test results for the various test lots are 
given in Table 4 and represented graphically in Figs. 
3 to 6, inclusive. 

Minimum impact values were found in the vicinity of 
1000° F. for the parent plate, for the weld metal from 
£6012 rods and for the weld metal from £6020 rods. 
Specimens of each of these materials bent without com¬ 
plete fracture at temperatures of 1300° F. and higher as 
typified by Fig. 7. 

Test results of weld metal from £6020 rods were more 
consistent than those from £6012 rods, and there was 
practically no difference in impact strength of the metal 
deposited from the former rod on plates restrained and 
that deposited on plates free from restraint. 

In the case of £6012 rods the metal deposited on plates 
restrained during welding was consistently higher in 
impact strength than the metal deposited on plates free 
from restraint during welding. The impact strength of 



Rg. 4—Chaipy Impact Strength of Keyhole Notda ^wciaens 
vs. Temperature 


1— Unwelded plate. 

2— E6020 rod—plates restrained during welding. 

3— E6020 rod—no restraint on plates during welding. 



Fig. 5—Charpy Impact Strength of Keyhole Notch Specuneas 
vs. Temperature 

1— Unwelded plate. 

2— TyF>e 309 stainless rod—no restraint on plates during woldin; 


Table 4^Impaet Values (Foot-Pounda) of the Various Test Lota 


Test Lot No. 

1 

2 

3 

4 

5 

6 


7 


8 


9 


10 

Notch 

K* 

K 

K 

K 

K 

K 

K 

"V” 

K 

"V” 

K 

•■V" 

K 

-v 

Test Temp. ° F 















80 

45 

30 

38 

37 

43 

30 

21 

12 

7 

4 

NF 

NF 

2 

2 

150 









NF 

NF 



• . • 


400 

si" 

29 

35' 

36' 

3/ 








• , , 


600 

50 

30 

38 

33 

31 

32 

36’ 

72' 

NF 

NF 

NF 

NF 

22 


800 

36 

22 

31 

26 

23 

33 

26 

47 

NF 

NF 

35 

70 

23 

42 

900 











29 

73 

27 

34 

1000 

30 

i9 

21’ 

23 

20 

33 


47' 

NF 

NF 

32 

53 



1050 













S3' 

U 

1100 

45 

is' 


24 

24 


24 

si' 



45' 

so' 



1200 

NF 

23 

28 

35 

39 

35 

28 

60 







1300 

NFt 

NF 

NF 

NF 

NF 










1400 






38 









1600 






40 









1800 






36 






... 

« « • 



*IC designates keyhole notch, 
t NF means sample bent without fracture. 
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KEYHOLE NOTCH •V" NOTCH 

SPECIHENS SPECIMENS 

Fig. 6—Rc^ts erf Charpy ImMct Test* of 0.27% C Steel at 
Devated Temperatuie After Indicated Treatment 

1— Annealed 215 hr. at 1330® F. 

2— Hydrogen annealed 620 hr. at 1330® F. and nitrided 24 hr. at 
925® F. 

3— Hydrogen annealed 620 hr. at 1330® F. and carburized 2 hr. 
at 1330® F. 

weld metal deposited from this type rod on plates without 
restraint was consistently lower than that deposited from 
E6020 rods under the same conditions. 

Microscopic examination made of specimens repre¬ 
sentative of weld metal from E6012 and E6020 rods, 
which had been tested at various temperatures, gave no 
indication of intergranular cracking. Typical structures 
are reproduced in Figs. 8 to 10, inclusive. 

Figures 11 and 12 illustrate structures taken at the 
pendulum side of the sample. The field of view includes 
the root of the indentation made by the striking edge of 
the pendulum in both cases. The specimens tested at 
1300° F. bent without complete fracture. At this 
temperature brittleness in the grain boundary region 
had decreased to such an extent &at intergranular frac¬ 
ture common at all lower temperatures no longer pre¬ 
vailed. The grains were held together with sufficient 
strength that they underwent plastic deformation with¬ 
out fracturing at their boundaries. After being deformed 
at 1300° F., the grains remained distorted in cooling to 
room temperature. 

Specimens tested at 1800° F. likewise underwent 
severe plastic deformation but subsequently recrystal¬ 
lized in cooling through the critical range. 

From the test results discussed above it is evident that 
weld metal deposits from E6012 and E6020 rods do not 
show any tendency to behave differently when subjected 
to shock while cooling through the critical temperature 
range than the parent plate itself. 

The stainless weld metal specimens fractured com¬ 
pletely at all testing temperatures included in this in¬ 
vestigation (room temperature to 1800° F., inclusive). 
Impact strength increased steadily from room tempera¬ 
ture to 1600° F. and then dropped off somewhat at 1800° 
F. It was lower than that of the parent plate at all 
temperatures except 1000° F. where the parent plate 
exhibited its minimum impact value. (See Fig. 5.) 


The stainless weld metal had practically the same 
impact strength as the weld metal from E6012 rod 
(welded without restraint) at temperatures of 80, 400 
and 600° F. From 800 to 1200° F., inclusive, its impact 
strength was considerably higher than that of weld metal 
deposited from either of the carbon steel rods without 
restraint. 

Results of tests on unwelded plate specimens (test lots 
7 to 10, inclusive) indicated that V-notch specimens were 
more sensitive to variation in temperature than keyhole 
specimens. A similar conclusion was reached by Jack- 
son^ in his study of the effect of notch shape and size on 
impact values. Both the keyhole and the V-notch speci¬ 
mens, however, show the same trend toward a minimum 
in impact strength at about 1000° F. 

Specimens from unwelded plate were annealed for 620 
hr. in wet hydrogen (test lot 8) to obtain material free 
from carbon and nitrogen. Pronounced grain growth 
accompanied this treatment and all microscopic traces 
of carbon were removed. Chemical analysis showed 
carbon to be negligible. 

The impact strength of the hydrogen-annealed iron 
specimens was very low (4 to 7 ft.-lb.) at 80° F. At all 
temperatures between 150 and 1000° F., however, 

samples bent without breaking, and hence impact frac¬ 
ture values were not obtainable. 

To determine whether the extreme brittleness at room 
temperature might be a manifestation of hydrogen em¬ 
brittlement, V-notch samples were heated to 1000° F., 
held for Vs hr. and then tested at room temperature. 
They were as brittle as before, breaking at 4 to 5 ft.-lb. 
Had the brittleness been caused by hydrogen, heating 
to 1000° F. should have altered it noticeably. The 
temperature at which a precipitous drop in the impact 
strength of many steels occurs is susceptible to change. 
It may well be that the coarse grain structure and 
altered chemical composition resulting from hydrogen 
annealing have shifted the temperature range of this 
sudden loss of toughness to about 80° F. 

Recarburizing hydrogen-annealed specimens for 2 hr. 
in heptane vapor altered their impact characteristics. 
They bent without fracture when tested at room tempera¬ 
ture and '600° F.. Complete fractures were encountered 
over the temperature range 800 to 1100° F., inclusive. 
At 1200° F. specimens bent with incomplete fracture. 
The recurrence of a minimum in the impact strength of 
the recarburized hydrogen-annealed material at 1000° F. 
is of particular interest (Fig. 6). Microscopic examina¬ 
tion did not reveal any undissolved carbides and chemical 
analysis showed less than 0.04% C to be present. 



Fig. 7—Test Specimeiis of Weld Metal fzom 1^12 Rod Tested 
at 1400® F. 2Vi X 
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The carburizing treatment included a 24-hr. diffusion 
period at the carburizing temperature in the presence of 
dry nitrogen. Impact characteristics of hydrogen- 
annealed samples treated in dry nitrogen alone at 1300° 
F. showed the same ductile characteristics as the hydro- 
gen-annealed stock itself. They bent without fracture 
at temperatures between 150 and 1000° F. The change 
noted ^ter carburizing was definitely produced therefore 
by carbon alone and not influenced by contact with 
nitrogen during the diffusion period. 

Subjecting hydrogen-annealed specimens to the action 
of ammonia vapors at 925° F. for 24 hr. again altered 
their impact characteristics. The extremely brittle 


Fia. 11—Pendulum Side oi Weld Metal S] 
E6020 Rod. Tested at 1300^^ F. 3^ 
Fig. 12—Pendulum Side of Weld Metal S] 
E6020Rod. Tested at 1800^ F. 3^, 


edmen Made Uang 
Nital. 100 X 
edmen Made Uamg 
Nital 100 X 


Microscopic examination of nitrided specimens re¬ 
vealed the formation of iron-nitride needles for a con¬ 
siderable depth below the surface, indicating that the 
solubility limit of nitrogen in iron ^d been exceeded by 
the nitriding cycle described. 


The impact-temperature curves for the mild steel 
plate and weld metal included in this investigation show, 
without exception, a continuously decreasing impact 
strength from 600 to about 1000° F. Between 1000 and 
1200° F. there is a very sharp rise in impact strength. 
As pointed out before, such behavior is characteristic of 
plain carbon steel of low-carbon content in general. 

Below 1200° F., under equilibrium conditions, iron Is 
in the body centered cubic a form. In cases where no 
solid phase changes such as solution of a precipitate, 
precipitation from solid solution or allotropic transforms- 


Fig. 8—Impact Fracture of £6020 Weld Metal Broken at 
1000** F. 3% Nital Etch. 200 X 
Ha. 9—Impact Fracture M £6020 Weld Metal Broken at 
12X“ F. 3% Nital Etch. 200 X 
Fia. 10—Impact Fracture of £6020 Wald Metal Broken at 
1800“ F. 3% Nital. 200 X 


icoo 


condition at 80° F. persisted (2 ft.-lb. to break). Be¬ 
tween 600 and 1000° F., complete fractures were ob¬ 
tained. At 1200° F. samples bent without fracture. 

The drop in the impact strength of V-notch specimens 
as temperature increased from 800 to 900° F. was not 
pronounced, but the increase in impact strength be¬ 
tween 900 and 1050° F. was very sharp. In the case of 
the keyhole notch specimens there was no actual mini¬ 
mum encountered, but there was a very sharp rise 
in impact strength between 900 and 1050° F. as with 
the V-notch specimens. 


% CASBOI % imOOBI 

Fig. 13—Solubility Cuttm lor Carbon and Nitrogan in a Iron*-* 
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tion are encoimtered, plasticity would be expected to in¬ 
crease with increase in temperature. Any change in the 
solid state encountered as temperature was rais^ would 
very likely be r^tected in the plasticity of the metal. 

The impact test is designed to measure energy required 
to produce brittle fractmes accompanied by a minimtun 
of plastic flow. The test results on notched samples are 
primarily a fimction of cohesive strength and notch 
sensitivity of the material. It is difficult to predict how 
these characteristics will be affected by temperatme 
variation. In general, however, if the course of the 
fracture docs not change from intercrystalline to trans¬ 
crystalline, a rather consistent change in impact values 
with temperature can be expected in the absence of any 
solid phase change. 

A sudden upturn in impact strenglJi, such as that en¬ 
countered with mild steels in the vicinity of 1000° F., 
would seem to indicate some solid phase change in the 
material. Whatever the change may be, the cohesive 
strength of the steel is markedly improved. 

The solubility curve for carbon in a iron is reproduced 
in Fig. 13.® The solubility increases linearly to about 
950° F. after which it rises much more rapidly. In^- 
much as the grain boundary region of a polycrystalline 
metallic structure is a region of high energy content, it is 
a region where phase cianges frequently begin. It is 
difficult to conceive, therefore, that the precipitation of 
cementite from iron as a steel cools from 1335° F to room 
temperature could take place without a conriderable 
amount of its being lodged in the grain boundaries. On 
reheating, this grain boundary precipitate would be re¬ 
dissolved. 

The solution of a grain boimdary precipitate womd 
certainly be capable of markedly increasing the cohesive 
strength and hence the impact resistance of a poly¬ 
crystalline metal. The fairly close coincidence in the 
temperature of increase in solubility of carbon in a iron 
with that of the upturn in impact strength of plain car¬ 
bon steels lends support to this theory. 

The improvement in cohesive strength and impact 
resistance, brought about by the solution of grain bound¬ 
ary carbides which had precipitated from a iron, would 
probably be equally effective in steels of varying carbon 
content. For instance, the austenite in a steel contain¬ 
ing more than 0.04% carbon would begin to transform 
to ferrite upon slow cooling as soon as the A^ temperature 
was reached. This would continue as the temperature 
was lowered until at the A,, temperature the austenite 
would contain about 0.83% carbon and would transform 
directly to pearlite. However, the ferrite which formed 
between the A^ and the A^ would contain about 0.04% 
carbon. Further cooling would result in precipitation 
of carbides from the ferrite with the same resultant 
effect as mentioned previously. 

Steels whose aver^ carbon content is within the 
limit of the maximum solubility of carbon in a iron, are 
still capable of exhibiting CTain-boundary precipitation 
on cooling from about 1330^ F. to room temperature as a 
result of nonuniform distribution or segregation of that 
carbon. Any segregation of dissolved carbon in the 
ferrite grains would most logically be near the outer 
region of those grains as the result of the mechanism of 
crystal formation. Subsequent cooling to below the limit 
of solubility of this relatively carbon-rich area would 
produce grain-boundary precipitation. Thus it is con¬ 
ceivable that the characteristic upturn in impact strength 
of carbon steels at about 1000° F. would persist even in 
the case of extremely low-carbon materials. 

Nitrogen, like carbon, is soluble to a lesser extent in a 
iron at room temperature than at elevated temperatures, 
as shown by Fig. 13.® Its solution on reheating would 
thus be capable of affecting the elevated temperature 
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impact streng^ of steels in a manner similar to that of 
carbon, though probably differing somewhat in magni¬ 
tude of effect. Results of tests reported herein indicate 
that nitrogen may be less effective than carbon. 

Alloying elements may alter both the limit of solubility 
of carbides in a iron and the ease with which precipitated 
carbides may be redissolved. The action of nitrogen 
would likewise be subject to alteration by the influence 
of alloying elements, particularly chromium and alumi¬ 
num. This effect of toying elements was evidenced in 
the elevated temperature impact characteristics of the 
stainless weld metal where carbon and nitrogen were pre¬ 
sumably in solution. This material did not exhibit the 
minimum impact tendency near 1000° F. common to the 
plain carbon steels tested. 

The minimum in impact strength occurring near 
1000° F. which has been described may well be a con¬ 
tributing cause to auto-cracking. It seems probable 
that the loss of ductility may be sufficient to cause 
cracking in highly stressed welds, although results ob¬ 
tained in this investigation on restrained welds did not 
indicate the presence of auto-cracks. Neither were any 
auto-cracks observed on any of the welded samples. 
The fact that such cracks which reach the surface are 
“blued” would indicate their formation probable at 
temperatures near 1000° F. since sufficient opportunity 
would exist for the formation of a blue oxide film. It 
therefore seems quite probably that the presence of a 
carbide precipitate and possibly a nitride precipitate, at 
ferrite grain boundaries, may result in auto-crack forma¬ 
tion. 


Summary 

Impact tests at elevated temperatures on arc welds 
made from E6012 and E6020 rods showed a minimum 
impact strength existing near 1000° F. No such mini¬ 
mum was found in welds made from Type 309 stainless 
rods. Experiments in which carbon and nitrogen were 
removed from mild steel samples have shown that the 
Tninimiim impact Strength can be eliminated by their 
removal. It has also been demonstrated that recarbu¬ 
rized samples again show a minimum in impact stren^h 
near 1000° F. Renitrided specimens showed a similar 
behavior but to a much smaller extent. 

A theory has been developed to explain the cause of 
the minimum impact strength occurring in some steels at 
1000° F. It h as also been suggested that auto-cracks 
may develop as a result of a carbide precipitate on ferrite 
grain boundaries. 
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COMMITTEE ON FATIGUE TESTING (STRUCTURAL) 

OF THE 

WELDING RESEARCH COUNCIL OF THE ENGINEERING FOUNDATION 

REPORT NO. 4 

Fatigue Strength of Fillet, Plug an<i 
Slot WeMs in Ordinary Bridge Steel 


Summary 

T his Report describes the fatigue testing, under 
axial loading, of several sets of steel specimens so 
designed that the tensile (or compressive) loads 
should be transmitted from one part to another through 
the shearing of fillet, plug or slot welds. The joints were 
in general such as might be conceived for connecting one 
end of a flat plate or channel tension member in a bridge 
or building, to a gusset plate or a chord member. 

These types of weld are proved to be markedly in¬ 
ferior to butt welds for such purposes (see Report No. 3) 
if cycles of widely variable stress are to be frequently 
repeated; in that the base material, not the weld metal, 
is almost always the critical element and will probably 
fail at an uneconomically low maximum unit stress. 

Attention was accordingly given to determining an 
optimum disposition of welds as regards the efficiency 
of the main material; and "dependable” ultimate 
fatigue strengths of main material and weld material 
were obtained for connections approaching this optimum 
form. 

The findings of greatest interest to designers are the 
following: 

1. For a welded connection in shear across a fajdng 
surface, no arrangement is importantly more efficient 
than a fillet across the free end, continued into a fillet 
along each side, of the narrower connected part (see Fig. 
8). Further continuation of the fillet across the free end 
of the second part adds slightly to the fatigue strength 
(see Fig. 9). 

2. Dependable values in fatigue strength of fillet 
welds in shear on the throat, using carbon bridge steel 
and welding technique in accordance with American 
Welding Society specifications, and with a weld pat¬ 
tern not seriously unlike that described in (1), are as 
follows: 



100,000 

2,000,000 


Cycles 

Cycles 

Main Material in Tension 

Full Reversal 

11,000 

8,250 psi. 

Zero-to-Max. 

22,000 

16,500 psi. 

Max.-to-Vj Max. 

44,000 

33,000 psi. 

Main Material in Compression 

Zero-to-Max. 

28,000 

21,000 psi. 


Similar dependable values for other numbers of cycles 
of stress may be scaled from the full lines in Fig. 28. 

3. The fatigue strength of fillet welds in tee-joints 
with the stem material subjected to tension perpendicular 
to the flange will depend upon the size of fillet, on 


account of the moment force which acts along with the 
shear. For •/w-in. fillets the following values of shear on 
throat may be considered dependable. 



100,000 

2,000,000 


Cycles 

Cycles 

Full Reversal 

12,000 

6,000 psi. 

Zero-to-Max. 

16,000 

8,000 psi. 

Max.-to-Vi Max. 

32,000 

16,000 psi. 


4. Dependable values in fatigue streng^ of main ma¬ 
terial under tensile stress, when connected by fillet welds 
in a pattern not seriously unlike that described in (1) 
above, and not concentric with the part to which con¬ 
nected (e.g., a single-lap splice), under the conditions 
recited in (2) above are as follows; 



100,000 

2.000.000 


Cycles 

Cycles 

Full Reversal ’ 

9,600 

5,400 psi. 

Zero-to-T ension 

16,000 

9.000 psi. 

Tension-to-V* Tension 

24,000 

13,500 psi- 


Similar dependable values for other numbers of cycles 
of stress may be scaled from the dotted lines in Fig. 28. 

For main material with concentric connections, such 
as a double-shear splice in a plate, the foregoing depend¬ 
able values may s^ely be increased by 20% at 100,000 
cycles, but this percentage should be reduced with in¬ 
crease in number of cycles, reaching zero per cent at 
2,000,000 cycles. 

5. For main material connected by side or end welds 
only, or by discontinuous fillet patterns, the foregoing 
dependable values for weld met^ or for main materijd 
should be reduced by from 10 to 30%, as a study of the 
most comparable tests may indicate. 

6. Plug welds have dependable strength in shear as 
tabulated in (2) above, for 100,000 cycles of stress; but 
this reduces with increase of cycles and at 2,000,000 
cycles is not greater than three-fourth of the value 
tabulated for fillets. 

Dependable values for various numbers of cycles may 
be scaled from Fig. 39. 

7. Main material connected by plug welds has the 
dependable values in tension stated in (4) above for ma¬ 
terial connected by fillet welds. 

8. Slot welds (meaning closed slots completely filled 
at the faying surface, see Part II, first paragraph], 
whether longitudinal or transverse, have dependable 
fatigue strengths in weld shear and in tension on main 
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material, too far below the values stated above to be of 
practical application to design of parts under cyclical 
stress. 

9. Fillet welds in holes have dependable unit fatigue 
strength in shear, equal to that stated in (2) above for 
typic^ fillets. They are economical in volume of weld 
metal as compared to plug welds of the same fatigue 
strength; but may make a greater reduction in net area 
of main material. 

10. Continuous plates under tension lose compara* 
tively little fatigue strength through the welding of an 
attachment to one side only by the use of transverse 
fillet welds; but lose possibly one-third of their fatigue 
strength through the welding or riveting of such attach¬ 
ments to both sides at a common section. 

11. Multiple-pass fiUet welds in thick material, made 
under conditions of slight restraint, developed lower unit 
fatigue strength than single-pass welds until cracking of 
the first pass was effectively prevented. 

12. Of two series of specimens fabricated with and 
without peening, one was helped and the other very 
gjeatly harmed by the peening. 

13. FiUet welds subjected, as in beam web con¬ 
nections, to a combination of shear and bending, showed 
an extreme-fiber shearing stress as high as in fillet-welded 
connections in pure shear. But fillet welds simulating 
top- and bottom-flange connections showed very little 
fatigue strength and should not be used for cyclical loads. 

14. Fillet welds used to attach web to flanges in 
flexural members, are in a different category; and will 
be the subject of a separate report at the conclusion of 
fatigue tests now under way. 

General Remarks 

The testing program herein summarized was carried 
out at the Engineering Experiment Station, University 
of Illinois. Four fatigue testing machines with a capa¬ 
city of plus 200,000 to minus 200,000 lb. were princip^y 
employed. The essential features of these machines are 
explained in BuUetin No. 302 by Wilson and Thomas, 
Univ. of lU. Eng. Exp. Sta., 1938. 

AU fatigue testing was performed with continuous 
operation of the machines, a procedure justified by the 
“Rest vs. No Rest” program described in Report No. 1 
of Committee F, predecessor to the present Committee.* 

The objective in aU tests was to ascertain the respec¬ 
tive unit stresses under which a given typt of specimen 
would fail at 100,000 and at 2,000,000, repetitions. The 
actual failure always occiu^ at some other number of 
repetitions than one of these two. The method of cal¬ 
culating, from the data on an actual test, the probable 
unit stress that would cause failure at 100,000 or 2,000,- 
000 cycles, respectively, is fully explained in Report No. 
2 of Committee F and is somewhat amplified in Report 
No. 3 (“Fatigue Strength of Butt Welds”) of the present 
Committee, pp. 5-6. Report No. 2 also explains the 
type of chart which will be used in the present Report 
for the graphical representation of the fatigue strengths 
of similar specimens, under different ranges of stress. 

All of the data given in this Report are given in 
greater det^ in reports of the Engineering Experiment 
Station, University of Illinois, by Wilbur M. Wilson and 
others, as follows; 

Bulletin No. 350, March 1944, by Wilson, Bruckner, 
Duberg and Beede, “Fatigue Strength of Fillet-Weld 


* Reports Nos. 1 and 2 were issued in 1941 and 1942, reapectiTcly, by Com* 
mittee F, Welding Research Committee. Late in 1942 the Welding Research 
Committee was reorganised as the Welding Research Coundl, and the Com¬ 
mittee on Fatigue Testing (Structural) was reconstituted without the desima- 
tioB "F.” Rei>ort No. 3, “Fatigue Strength of Butt Welds in Ordinary Bridge 
Steel," was issu^ in 1948. 


and Plug-Weld Connections in Steel Structural Mem¬ 
bers”;* 

The intention of the Committee is to cite the Univer¬ 
sity of Illinois Bulletins, which are readily available, as 
references for all who desire the most (ximplete data; 
and in its own Reports, such as this, to include only 
enough data to make its objectives and conclusions clear 
to the general industrial reader. 

No specimens referred to in this Report were stress 
relieved. All were welded using A7 st^ and E6010 or 
6012 filler metal in conformity with the American 
Welding Society’s Specifications for Welded Highway 
and Railway Bridges. 


Part I—Fillet Welds 


1. Exploratory Tests ^ Fillet-Welded Joints 

In its first or "pilot” program the Committee sought 
to locate the point of demarcation between fatigue 
strength of plates and fatigue strength of welds, for the 
simple, longitudinal-fillet connections of Fig. 1. 



Fig. 1 

Based on the customary values for statically loaded 
structures (tension 18,000 psi., weld shear 13,600 psi.), 
the two types of specimen shown would have the follow¬ 
ing allowable capacities in pounds: 



Based on Tension 

Based on Shear 


in Plate 

in Welds 

Series W 

121,500 

57,600 

Series Z 

121,600 

144,000 


The thought was, therefore, that Series W would 
break in the welds and Series Z in the plates; and that 
other series would then be designed with weld lengths 
intermediate between 4 and 10 in., to more closely ascer¬ 
tain the desired point of demarcation. 

However, the respective fatigue strengths of weld and 
of plate were found to bear no relation to the above 
static allowances. Even with the 4-in. weld length of 
Series W, the plates failed under repeated application 
of tensile stress while the welds were holding. It was 
clearly demonstrated that this type of connection is very 
inefficient under repeated loading, especially for tension 
members. The stress-raising effect of the sudden change 
of stress path at the end of the fillet appears to be more 
than the plate can withstand. By grinding the fillets to 
a sm(X)th contour and, at their ends, to a feather edge, 
the number of repetitions under a given stress was in- 

* Aa additional BnUetin will be shortly Usued by the Univ. of Illinois. 
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creased, but not in a ratio that would justify this as a 
manufacturing expedient. 

The test r^ults on the specimen with weld surfaces 
left as-welded are summarized in Table 1. 




Table 1 




Cycle-Unit 




Stress in Kips per Sq. In. 

Number 



Tension or 

Shear on 

of 



Compression in 

Throat 

Thousands 


Series 

Plate 

of Weld 

of Cycles 

Failure in 

W 

0 to -f 10.0 

Oto 16.8 

340.1 

Plate 

w 

Oto -flO.O 

Oto 15.8 

630.2 

PUte 

w 

Oto -10.3 

Oto 16.0 

1375.0 

Plate 

w 

Oto -16.3 

Oto 24.0 

168.2 

Plate and Weld 

w 

Oto -19.6 

Oto 30.0 

84.0 

Weld 

w 

Oto -19.6 

Oto 30.0 

191.3 

Weld 

z 

Oto 10.0 

Oto 6.3 

646.7 

Plate 

z 

Oto 10.0 

Oto 6.3 

760.6 

PUte 

z 

0 to —25.2 

Oto 16.0 

190.5 

PUte 

z 

0 to — 25.2 

Oto 16.0 

196.0 

Plate 

z 

Oto -29.8 

Oto 18.6 

40.7 

PUte 

z 

Oto -29.8 

Oto 18.5 

108.0 

PUte 

z 

-|-16.2to -16.2 

*10.0 

18.7 

PUte 


It will be noted, first, that the fillet-welded plate is not 
so susceptible to fatigue failure when stressed in com¬ 
pression as when stressed in tension; second, that the 
longer welds of Series Z had some effect in improving the 
behavior of the plate; third, that the fatigue strength of 
the weld metal in shear appears to be satisfactory. 

Attention was next given to variations in the arrange¬ 
ment of the fillet welds which might improve the 
dency of the connected plates. 

Thus, in Series X, Fig. 2, the form of Series W was 
modified by adding end returns. 
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Series T. U, V 
Fig. 3 



Fig. 4 


It having been suggested that cross bending in the 
plate was an adverse factor, Series T, U, V, Fig. 3, were 
patterned after Series W with the width between welds 
as the variable. 


The same thought led to the addition of an interior 
fillet-welded slot in Series Y, Fig. 4. 

Another comparison was made by starting with Series 
EZ, Fig. 5, which is virtually a repetition of Series Z, 
Fig. 1, and then modifying the weld arrangement as 
shown for Series EX, Fig. 6, and for Series EW, Fig. 7. 



Fig. 5 



Fig. 6 



Fig. 7 



ng.8 



Fig- 9 


Finally simple forms of Series D, Fig. 8, and Series C, 
Fig. 9, were tried. In these the weld was carried along 
both sides and across the outer end. In Series C it was 
also returned at the inner end, as far in as a sound wdd 
could be made. 
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Three specimens were made for each of the foregoing 
Series, Figs. 2-9, inclusive, and all were tested on the 
cycle 0 to 18,000 psi. tension in the outside plates. This 
tensile unit stress applied to the 4-in. width of Series T, 
the 6-in. width of Smes U, and tie 9-in. width of all 
other series; except that for Series Y it applied to only 
7 Vj in. out of 9 in.; for which reason the tests on that 
series should be somewhat discounted in considering 
over-all efficiency of connections. 

The results of these exploratory tests are given in 
Table 2. 


Table 2 

No. of Cycles in Thousands (All Cycles 0 to 
Fig. Series 18,000 psi. Tension in Outside Plates) 

2 X 36.2 

47.2 

71.8 


61.7 Av. 

8 V 34.0 

47.4 

49.0 


43.5 Av. 

3 U 101.7 

137.8 

228.4 


155.9 Av. 

3 T 120.0 

191.1 

221.7 


177.6 Av. 

4 Y 318.0 

324.5 

376.0 


339.2 Av. 

6 EZ 174.6 

189.4 

221.3 


195.1 Av. 

6 EX 162.3 

201.5 

208.7 


190.8 Av. 

7 EW 192.7 

230.0 

269.3 


230.7 Av. 

8 D 223.9 

296.5 

330.2 


283.6 Av. 

9 C 313.6 

352.8 

363.1 


343.2 Av. 


As may easily be seen from the S/N diagrams of 
Report No. 2, the above differences of some 300,(XX) 
repetitions from worst to best represent only a few 
thousand pounds per square inch of difference in fatigue 
strength at any selected number of cycles; and the con¬ 
clusion may be drawn from Table 2 that the simple weld 
arrangement of Series D, Pig. 8, is as efficient as any in 
developing the main materi^. 

A further exploratory program was undertaken, on 
the comparative efficiencies of the 45° and the ogee form 


hplJ2x/ 


'■'‘v 
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-^—^SgsSecfion 

A 

2 -pis. @ ^ 


Section A"A 


4-S* for 42C 


Ogee for ^20 


Series 42C42D 

Tig. 10 


for end fillets. The specimens were designed as shown 
in Fig. 10. 

The results of the tests are given in Table 3. 


Tables 


Cycle-Unit Stress 
Series in Plate 

. C 0 to+18,000 

C 0 to +18,000 

C 0 to+18,000 


D 0 to+18,000 

D 0 to+18,000 

D 0 to +18,000 


C 0 to-18,000 

C 0 to-18,000 

C 0 to -18,000 


D 0 to-18,000 

D 0 to -18,000 

D 0 to-18.000 


C +12,000 to-12,000 

C +12,000 to-12,000 

C +12,000 to-12,000 


D +12,000 to-12,000 

D +12,000 to-12,000 

D +12,000 to-12,000 


Thousands 


of Cycles 

149.4 

Weld Edge 

175.0 

Weld Edge 

331.0 

Weld Throat 

218.5 Av. 

176.2 

Weld Edge 

408.0 

Ins. Pit. 

651.5 

Ins. Pit. 

411.6 Av. 

32.4 

Weld Edge 

42.3 

Weld Ed^ 

439.4 

Weld Edge 

171.4 Av. 

857.6 

Weld Edge 

1006.6 

WeldEd^ 

1979.2 

Weld Edge 

1281.1 Av. 

44.9 

Weld Throat 

47.5 

Weld Throat 

82.3 

Weld Throat 

58.2AV. 

111.7 

Weld Edge 

117.4 

WeldEd^ 

141.1 

Weld Edge 


123.4 Av. 


It will be seen that there was a relatively small differ¬ 
ence in favor of the ogee weld when the stress cycle was 
O-to-tension or full reversal, and a considerably greater 
difference when the cycle was O-to-compresston. Again, 
however, the difference shown in numbers of cycles repre¬ 
sents a ^ght difference in calculated fatigue strength at 
any particular number of cycles. It woidd probably be 
impracticable to take so slight a difference into account 
in a specification for design. 

Exploratory tests were made on pairs of channels in 
tension, with their backs separated only by enough to 
admit a single-ply gusset or splice plate—a detail such 
as might be employed in single-plane trusses or in two- 
channel lateral or sway members. 

The details of the three connection types are shown 
in Figs. 11,12 and 13; the test results are given in Table 
4. specimens failed in a channel, at ^e end of the 
longitudinal fillet weld. 
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Series S 
Fig. 11 


4 - 



Series A1 
Fig. 12 


with its rear face; thus representing a typical end con¬ 
nection for web members in trusses heavier than those 
represented by the program discussed just above. 

Two of the series employed different patterns of fillet- 
weld connection and the third series was riveted. 

Series GA, which had all the welding outside the chan¬ 
nels as viewed in elevation, was somewhat inferior to 
Series D and more nearly comparable to Series U (Table 
2 ). 

Series GB, on which the welds were returned unde 
the channels along the edges of the two gusset plates, 
was practically equal in fatigue strength to Series D. 

Series GC, with riveted connections, was exacth 
equivalent to Series GB with welded connections, imde 
the same total load per channel. 

The full report on these three series is given on pp 
20-27, inch, Bulletin No. 350, Eng. Exp. Sta., Univ. cf 
Illinois. This Bulletin gives an account of varions 
troubles encountered with the fillet welds connectini 
the intermediate batten plates to the ch ann els, such as 
seem to indicate that the use under fatigue stress con<h 
tions of welded bridge trusses, of the type and dimen¬ 
sions represented by Series GA and GB, would not be 
justified without considerable further research. 
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Series A2 
Fig. 13 


Table 4 

Cycle-Unit Tensile Stress Thousands of 
Fig. Series on Two Channels Cycles 

11 S 0 to+18,000 284.0 

0 to+18,000 407.6 

0 to+18,000 553.3 

415.0 Av. 

12 A1 0 to+18,000 636.2 

0 to+18,000 870.7 

0 to+18,000 1040.7 

849.2 Av. 

13 A2 0 to+18.000 506.1 

0 to+18,000 551.7 

0 to+18,000 631.5 

563.1 Av. 


2. Exploratory Test of Fatigue Strength of Fillet 
Welded Later£ds 

Pilot tests were made on two types of proposed fiUev 
welded connection for single channels such as might bt 
used as laterals, and on two types, one fillet-weld^ an; 
one riveted, for angles similarly used. 



As in the case of the plates subjected to tension, the 
simple connection of Series Al, Fig. 12, having the fillet 
welds along both sides and across a square end, proved to 
be by a small margin the most efficient in fatigue. 

Also, the number of cycles endured at the same tension 
cycle, 0-to+I8,000 psi., was roughly twice as great as for 
the plates of Series D, Fig. 8. This difference may per¬ 
haps be explained on the basis that the welds lie close to 
a greater proportion of the longitudinally stressed fibers, 
in the case of the channels than in the case of plates. 

Exploratory tests were made on three series of “box” 
members, comprising two channels with toes turned out, 
spaced apart by batten plates, each channel being end- 
connected in single shear to a gusset plate in contact 


Lateral Series D 
Fig. 15 

The channel of Lateral Series A, Fig. 14, was con¬ 
nected by all-around fillet welds to an interposed bar. 
resulting in a virtual absence of eccentricity between 
the channel and the gusset. The channel of Lateral 
Series D, Fig. 15, was connected in the normal manner 
for such members, by fillet welds on the faying surface 
between back of channel and top of plate; the resulimc 
eccentricity was about 0.69 in. 

The comparative results of the tests are shown ia 
Table 5. 
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Tabus 


Cycle-Tensile Stress in Kips 

per Sq. In. on Channel (P/A) Number of Thousands of Cycles 
Neglecting Eccentricity Lateral Series A Lateral Senes D 


0 to 30.0 

60.2 


0 to 25.0 

88.4 

41.8 

0 to 26.0 


65.9 

0 to 20.0 


47.5 

0 to 20.0 

204.0 

68.6 

Oto 18.0 


108.4 

Oto 12.8 


1011.4 

Oto 12.0 

36^! 7* 


0 to 12.0 

4466.7* 


Oto 10.0 

2370.8 

1137 + 

Oto 10.0 

3936.3 

1688.1 


* Did not fail. 


All of these specimens broke in the channel, at the 
point of first transfer of stress from channel to weld. 

The superiority of the concentric ovei* the eccentric 
connection is evident from the comparative numbers of 
cycles to failure stated in Table 5. However, when 
these test results are translated, by the method of 
Report No. 2, into "fatigue strength,” at a selected 
number of cycles, the differences are moderate, as shown 
in Table 6. 
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Lateral Series B 
Fig. 16 
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Lateral Series C 
Fig. 17 


Tables 

Fatigue Strength in Kips per 
Sq. In. on Channel 
100,000 Cycles 2,000,000 Cycles 


Average for Lateral Series A 23.7 11.0 

Average for Lateral Series D 19.0 9.9 

Minimum for Lateral Series A 21.0 10.0+ 

Minimum for Lateral Series D 16.6 8.8 


It would appear unlikely that, for members of ordin¬ 
ary length, the increase in allowable unit stress for the 
Lateral Series A connection would save enough weight 
in the channel to pay for the considerably greater labor 
on the connection. 

The tests of Lateral Series D are compared in Table 7 
with those of Series Al, Fig. 12, which employed two 
channels back to back and therefore was free from the 
eccentricity of Lateral Series D; and also with those of 
Series GA, the "box” member in which each of the two 
channels lay on a gusset plate but some of the resulting 
eccentricity was killed by the cross battens. 


Tabu 7 

Stress Cycle 0-18,000 psi., Tension on Gross Area of Channels 

Cycles to Failure 


Fig. Series in Thousands 

12 Al 636.2 

Al 870.7 

Al 1040.7 

GA 131.4 

GA 140.6 

GA 179.7 

16 D (Lateral) 108.4 


The single angles of Lateral Series B, Fig. 16, and of 
I^ateral Series C, Fig. 17, had the same eccentricity with 
respect to the gusset plates, 0.79 in. 

The test residts are given in Table 8. 

While the comparative economics of the two types of 
connection must be judged in terms of unit stress on the 
gross area, the unit stress on the net area of the riveted 


Lateral Series C is added in Table 8 to afford a compari¬ 
son with the usual allowance in case of static design. 


Tabus 

Cycle-Tensile Stress in Kips 
per Sq. In. on Angle (P/A) 

Neglecting Eccentricity 

(Net Area for Number of Thousands of Cycles 
Gross Area Lateral Series C) Lateral Series B Lateral Series C 


Oto 19.3 


34.3 


Oto 19.3 


66.4 


Oto 16.0 

(Oto 20.2) 

494.0 

206.9 

Oto 16.0 

(Oto 20.2) 

507.8 


Oto 15.0 

(Oto 18.9) 


1092.4 

Oto 12.8 

(0 to 16.1) 

5ii.8 

205.7 

Oto 12.8 

(0 to 16.1) 

555.0 

209.3 

Oto 12.8 

(Oto 16.1) 


1909.3 

Oto 10.0 

(0 to 12.6) 

2672.0 

296.0 

Oto 10.0 

(0 to 12.6) 

5177.0* 

5910.7 


• Did not fail. 


All failures in Lateral Series B were in the angle at 
the inner end of {he fillet weld. All failures in Lateral 
Series C were in the angle at the inner rivet hole and on 
the side away from the outstanding leg. No welds 
broke, and no rivets broke or loosened. 

At equal loads (i.e., equal unit stresses on gross sec¬ 
tion) the riveted angles of Lateral Series C were some¬ 
times more and sometimes less effective than the welded 
angles of Lateral Series B. But the riveted angles were 
notably more erratic, and in the light of minimum or 
average values were the weaker. 

Calculated “fatigue strengths” are shown in Table 9. 


Tabu 9 

Fatigue Strength in Kips per 
Sq. In. of Tension on Angle, 
Gross Section exc. as noted. 
100,000 Cycles 2,000,000 Cycles 
Average for Lateral Series B 19.1 10.0+ 

Average for Lateral Series C 16.7 (21.1 net) 9.3 (11.7 net) 
Minimum for Lateral Series B 16.8 9.9 

Minimum for Lateral Series C 12.3 (15.5net) 7.0( S.Snet) 


FATIGUE STRENGTH OF niiLET, PLUG AND SLOT WELDS 


Digitized by 


Google 


1945 


383-s 






As noted in Report No. 2, they cannot be given a great 
deal of credence in the case of the riveted Lateral Smes 
C, because of the exceptional scatter of the individual 
test results. 

In comparing the calculated fatigue strengths in Tables 
6 and 9 with the specified allowable imit stresses of 
ordinary practice, it is well to remember that these latter 
are applied as limits to the extreme fiber stress of ec¬ 
centrically connected members such as laterals; whereas 
the average or P/A unit stress in single-angle or single¬ 
channel laterals would be lower than the 100,000 cycle 
minimum values tabulated in Tables 6 and 9. 


3. Pilot Tests of Unit Fatigue Strength of Fillet Welds, 
Peened vs. Not Peened 

The fillet-weld specimens described above (Series D, 
etc., etc.) in general failed in the main material; but 
gave an indication that symmetrical, two-channel mem¬ 
bers could produce failure in the welds and accordingly 
could be used to obtain unit strength of fillet welds. 
Pilot tests of this type were accordingly undertaken, on 
specimens as shown in Figs. 18 and 19. 
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Series F and H 
Fig. 19 


Cycle-Unit Stress in 

Table 10 

Number of Thousands of Cycles 

Kips per Sq. In. Shear 
on Throat of Fillet 

Series E 

Senes G 
(Peened) 

Series F 

Series H 
(Peened) 

0 to 26.0 



62.6 


0 to 25.0 

2i8.0 

211.9 

* 81.5 

17.2 

0 to 25.0 

245.7 

271.7 

237.0 

19.2 

0 to 25.0 

263.8 

480.2 

313.6 

36.4 

0 to 25.0 



397.9 


Av. 

242.5 

321.3 

257.5 

24.3 

0 to 20.0 

312.0 

803.3 

248.6 

5.5 

0 to 20.0 

459.2 

1395.5 

429.9 

68.0 

0 to 20.0 

591.6 

1612.7 

1033.1 

81.5 

Av. 

454.3 

1270.5 

570,5 

51.7 

0 to 18.0 



2072.7 


+ 16.0 to -16.0 

89.7 


53.2 


+16.0 to -16.0 

139.0 


69.4 


+ 16.0 to -16.0 

149.4 


83.7 


+ 16.0 to -16.0 

245.8 


123.3 


+ 16.0 to -16.0 

322.0 




Av. 

189.2 


82.4 


13.0 to -13.0 

659.0 


330.8 


13.0 to -13.0 

622,0 


369.6 


13.0 to -13.0 

1885,2 


716.8 


Av. 

1022.1 


472.4 



Series E and G differed from each other only in that 
the latter were “peened, while still hot, with a round¬ 
nosed pneumatic tool.” Series F and H differed in the 
same way. 

The individual test results are given in Table 10. 

There appears to be no mark^ difference in fatigut 
strength between transverse and longitudinal non-peened 
fillet welds, except in the final tests in reversal, when 
the transverse fillets excelled. 

The results of the peening are noteworthy. It some¬ 
what, perhaps even considerably, enhanced the resistance 
of the transverse fillets, but virtually destroyed that oi 
the longitudinal fillets. This is surely not a result of 
the weld position. The quotation given above is the 
operator’s description, and is what might be expected 
from any practical man. There must, however, have 
been a difference in the technique, which this practical 
man did not intend, nor consider of consequence. It is 
conceivable, for instance, that in peening the Series H 
specimens tho work was largely done in the “blue- 
brittle range.” The obvious lesson is that peening must 
not be employed on bridges and similarly stressed struc¬ 
tures, until a completely adequate and acceptable doc¬ 
trine and technique have been developed. 

4. Definitive Tests of Fillet Welds 

The test programs above summarized were conducted 
on a somewhat meager basis because they were of a pilot 
nature. For instance, in most series only enough speci¬ 
mens were provided to test on one stress cycle. 

Based on these preliminaries, a more definitive pro¬ 
gram was set up which lasted throughout the year 194^1 
and a part of 1944; this was planned to establish the 
fatigue strengths of fillet welds, and of the material con¬ 
nected by fillet welds, on the following schedule: 



Number of 

Number c4 

Cycle 

Cycles 

Specimens 

Static 

1 

3 

Tension-to-Equal Compression 

100,000 

3 

Tension-to-Equal Compression 

2,000,000 

3 

Tension-to-Zero 

100,000 

S 

Tension-to-Zero 

2,000.000 

3 

Tension-to-Tension '/* as great 

100,000 

3 

Tension-to-Tension '/* ^ great 

2,000,000 

3 

Usually there were provided— 


Spares—3 

Making a total of identical specimens 


.>1 


This schedule was reduced in certain series regarded as supple¬ 
mentary. 


Owing to wartime conditions which made it im¬ 
practicable for commercial fabricators to divert their 
efforts into the manufacture of these specimens, the>' 
were for the most part welded at the University labora¬ 
tory. The laboratory mechanic who did the welding 
was capable of passing the A.W.S. qualification te$t<. 
It is believed that his welds were comparable to those cf 
commercially employed qualified welders, and were not 
better than normal because of having been made in a 
laboratory. 

These specimens were welded in the flat position except 
as otherwise noted for one case. There seems to be no 
reason to discount the results for other positions, except 
that, and this is particularly apt to apply to the vertical 
position, any fillets that are excessivdy convex must be 
suspected of impaired fatigue strength by reason of bad 
geometry. 
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nated. This was done by inserting soft iron wires about 
V<i in. in diameter and 5 in. long, between the plates 
about V® in- from and parallel to the edges to be welded. 

The test results from the three series are given in Table 

11 . 

More than half of the specimens of Series 43-6B failed 
in the plates; it is ther^ore quite possible that the cal¬ 
culated fatigue strength of the weld metal (see Table 14) 
for Series 43-6B should average as high as for Series 43-6. 

Static tests gave the following results in kips per sq. in. 
shear on weld. 


5. Unit Fatigue Strength of Fillet Welds 

Two series designed to fail by shearing of longitudinal 
welds are shown in Fig. 20, Senes 43-6 being single-pass 
Vu-in. welds and Series 43-6A being multiple-pass '/s-in. 
welds. 

Upon testing it was found (see Table 11) that both 
the static and fatigue unit strengths of the specimens 
with '/rin. fillets were notably lower than of those with 
Virin. fillets. Examination disclosed thermal cracks 
in the larger welds. A new series, 43-6B, was therefore 
prepared in which the only detail changed was that these 
high thermal stresses and resulting cracks were elimi- 


T«bl« 11 


Cycle-Unit Stress in 

Number of Thousands of Cycles 

Kips per Sq. In. Shear 

Series 43-6 

Series 43'6A 

Series + 

on Throat of Fillet 

VirIn./ 

Vt-In./ 

Vrin 

-t-18.0to -18.0 

26.2 



-1-16.0 to -16.0 



i22! 

-1-16.0 to -16.0 



176. 

-!-15.0to -15.0 

ioeio 



-l-15.0to -16,0 

447.3 

'ii!8 


•fl4.0to -14.0 



3i3.' 

-1-14.0 to -14.0 



387. 

-|-13.0to -13.0 



216. 

-fl2.0to -12.0 


'^.2 


-l-12.0to -12.0 


82.3 


-l-12.0to -12.0 


129.5 


-1-12.0 to -12.0 


179.3 


-f-12,0to -12.0 


181.4 


-1-11,0 to -11,0 

^2!9t 



-1-11.0 to -11,0 

899.5 



+ 11.0 to -11.0 

1273.3 



+ 10.0 to -10.0 

3483.8* 

^'.8 

14W! 

+10.0 to -10,0 



1462. 

+ 10.0 to -10.0 



1510. 

+ 10.0 to -10.0 



1860. 

+ 9.0 to - 9.0 


250.0 


+ 9.0 to - 9.0 


507.5 


+ 9.0 to - 9,0 


713.1 


+ 8.0 to - 8.0 


287.7 


+ 8,0 to - 8.0 


2774.4* 


+ 8.0 to - 8.0 


3319.4 


+ 6.0 to - 6.0 


(4001.8) No 
failure 


0 to +31,5 

67.2 



0 to +28,0 

62.4 



0 to +27.0 

482.7 



0 to +22.6 

230.4 



Oto +22.0 

553.3 



0 to +21.7 

490.2 



0 to +20.0 

1381.7 



0 to +20.0 

1484.2 



0 to +20.0 

2135.0* 



+22.5 to +45.0 

3195.2t 



+ 22.0 to +44.0 

764.0* 



+ 20.0 to +40.0 

1780.8* 



+20.0 to +40.0 

2093.9* 



+ 18.0 to +36.0 

1720.1* 



+ 14.0 to +28.0 

(3308.7) No 
failure 




* Failed in side plates and not in welds, 

t One plate was off center. 

X Welds only 2V4 in. long. , 

§ Failed in plate. 


Series 43-6 

Series 43-6A 

Series 43-6B 

Virln./ 

Vi-In./ 

V* * * § -In./ 

61.8 

67.6 

42.9 

47.2 

(Av. of 2) 49.6 
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Series 43-7, 43-7A 
Fig. 21 


Two series designed to fail by shearing of transverse 
welds are'shown in Fig. 21, Series 43-7 bang single-pass 
'/u-in. welds and Series 43-7A being multiple-pass ‘/s-in. 
welds. The test results were as shown in Table 12. 


Table 12 


Cycle-Unit Stress in Kips per 

Number of Thousands of Cycles 

Sq. In. Shear on Throat 

Series 43-7 

Series 43-7./ 

of Fillet 

‘A«-In./ 

Vi-In./ 

+24.Oto -24.0 


55.7 

+22.0 to -22.0 


22.1 

+22.0 to -22.0 


30.6 

+ 18.0 to -18.0 


1197.4 

+ 16.0 to -16.0 

68! 0 


+ 16.0 to -16.0 

133.4 


+ 16.0 to -16.0 

401.4 


+ 15.Oto -15.0 


'66!9 

+ 15.0 to -15.0 


198.7 

+ 14.0 to -14.0 

624! 4 


+ 13.Oto -13.0 

472.9 


+ 12.8to -12.8 


1159!6 

+ 12.0 to -12.0 

49^.2 

2417.7 

+ 11.Oto -11.0 

1110.8 


0 to +35.0 


10.5 

0 to +30.0 

iwio 


Oto +27.0 

115.8 


0 to +27.0 

893.2 


0 to +25.0 

289.1 

'66!7 

0 to +20.0 

488.4 


0 to +20.0 

1003.4 


0 to +20.0 

2126.3 


+23.0 to +46.0 

61.0 


+23.0 to +46.0 

1285.4 


+22.5 to +45.0 

284.5 


+20.0 to +40.0 

362.7 


+ 18.0 to +36.0 

1865.3 


+ 18.0 to +36.0 

(3476.4) No failure 


0 to —40.0 


51.4 

0 to -35.0 

'46! 1 

85.9 

0 to -35.0 


387.6 

0 to —35.0 


2719.0 

0 to -32.0 

'46!4 


0 to -32.0 

386.1 


0 to -31.0 

319.7 


0 to -30.0 

372,6 

442!6 

0 to -27.0 

929.0 

838.8 

0 to —25.0 

1984.9 

1782.9 

0 to -15.0 

(3743.1) No failure 
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Static tests gave the following results in kips per sq. in. 
on an area calculated from the external measurements 
of the welds. 


Series 43-7 Series 43-7A 

Vrin./ 

75.0* 66.5 

75.2 68.8 

82.5 
111 . 0 * 


* After prestressing in fatigue; these being the two specimens 
noted “No failure” in Table 12. 


As with Series 43-6 and 43-6A (Fig. 20) it was found 
that several specimens of Series 43-8A, with three-pas 
fillets, gave low values because of thermal cracks, and a 
further Series 43-8B was prepared with inserted soft iron 
wires. Plate material salvaged from Series 43-8A was 
used for Series 43-8B. 

In all three scries, 43-8, 43-8A and 43-8B, the welds 
were not continuous around the comers. 

The test results from the three series are given in 
Table 13. 

Static tests gave the following results in kips per sq. 
in. shear on weld: 


The specimens of Series 43-7A did not, like those of 
Series 43-6A, suffer from thermal cracks. This may be 
due to the end position of the welds causing them to be 
under much less restraint. 
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Series 43-8 and 43-8A 
Fig. 22 


Two series designed to fail by shearing of longitudinal 
and transverse welds in combination are shown in Fig. 
22; Series 43-8 being single-pass Vw-in. welds and 
Series 43-8A being multiple-pass welds. It was 

hoped through these series to determine whether longi¬ 
tudinal and transverse fillet welds are additive. 


Cycle-Unit Stress in 
Kips per Sq. In. Shear 


Table 13 
Number of Thousands of Cycles 


on Throat of Fillet 

Series 43-8 

Series 43-8A 

Series 43-86 

-1-16.Oto -16.0 

61.1 


80.6 

-1-15.Oto -15.0 



94.9 

-1-15.Oto -15.0 



119.8 

-1-14.0 to -14.0 

’72!4* 



-1-14.0 to -14,0 

72.9 



-1-13.0 to -13.0 



p 

-fll.O to -11.0 

625 !o 

'47;0 


-j-11.0 to -11.0 


993.0 


-MO.Oto -10.0 

334 .'4 

187.1 

^'.7 p 

-MO.Oto -10.0 

1664.9 

751.1 

806.9 

-MO.Oto -10.0 

2391.8* 

778.6 

849.9 p 

-1- 9.Oto - 9.0 



335.2t 

-1- 9.Oto - 9.0 



1028.0 p 

+ 8.0 to - 8.0 


’67!8 


+ 8.0 to - 8.0 


1919.4 


+ 8.0 to - 8.0 


1996.0 


0 to -1-30.0 

146.4* 



0 to -1-29.0 

149.8 



0 to -1-27.0 

378.0* 



0 to -1-27.0 

521.6 



0 to -1-24.0 

238.2 



0 to -1-20.0 

310.1* 



0 to -1-20.0 

571.7* 



0 to -1-20.0 

1418.6* 



-1-28.0 to -1-56.0 

198.8* 



-f-23,Oto -1-46.0 

71.0* 



-1-23.0 to -1-46.0 

661.2* 



-1-23.0 to -1-46.0 

1101.6* 



-1-20.0 to -1-40.0 

2106.2* 



-1-19.0 to -1-38.0 

2968.2* 



-1-18.0 to -1-36.0 

1608.1* 




• The welds on these specimens were reduced from 4 in. to 2.75 
in. to ensure weld failure. 

t Defective plate; disregarded in Table 14. 
p —Failed in plate or in plate and weld. 


Series 43-8 

Series 43-8A 

Series 43-86 

Vie-In./ 

‘A-In./ 

Vt-In./ 

59.7 

49.5 


65.7 

63.3 



The unit stresses stated for Series 43-8, 43-8A and 
43-8B were obtained by dividing the applied load by the 
sura of the throat areas of the three weJds. However, in 
all specimens in Series 43-8 the initial failure was in the 
transverse weld. 

Furthermore, from the inconsistencies between speci¬ 
mens with 4-in. welds and those with 2.75-in. welds, it is 
not at all certain that the length of weld had a propor¬ 
tionate influence on the total strength. 

More than half of the specimens of Series 43-SB 
failed in the plates; it is ther^ore quite possible that the 
calculated fatigue strength of the weld metal (see 
Table 14) for ^ries 43-8B should average as high as for 
Series 43-8. 

The three Series 43-6, 43-7 and 43-8 are consistent in 
indicating that the side and end weld values are not 
wholly additive. They leave some uncertainty as to the 
comparative unit strength of single-pass and multiple- 


Table 14—Calculated Fatigue Strength of Fillet Walda— 
Summary 


(Main Material in Tension) 

Calculated Fatigue Strength. Kips 
per Sq. In. of Shear on Thrwt of 
Fillet Weld 

100,000 Cycles 2,000.000 Cycles 

Cycle 

Series 

Type 

Av. 

Min. 

Av. 

Min. 


C 

Transv. 

11.2 

10.8 




E 

Transv. 

16.8 

15.6 

ii‘8 

li 3 


F 

Longl. 

15.4 

15.0 

11.0 

10.5 

FuU Re¬ 
versal 

43-6 

Longl. 

16.0 

15.1 

10.7+ 

lO.O-f- 

43-66 

Longl. 

18.8 

15.5 

9.7* 

9.4* 

43-7 

Transv. 

16.2 

14.5 

11.3 

10 1 


43-7A 

Transv. 

18.3 

14.4 

13.7 

12 0-r 


v>43-8 

Comb. 

13.1 

11.4 

9.5 

8.5- 


^43-86 

Comb. 

14.9 

14.3 

8.0* 

7.7* 


W 

Longl. 

28.8 

25.5 



1 

E 

Transv. 

26.4 

22.8 

17.3 

17]o 


F 

Longl. 

26.7 

24.5 

18.7 

17.0 

0-to-Max. ■ 

43-6 

Longl. 

28.1 

25.0 

19.7+ 

IS 4 


43-7 

Transv. 

30.3 

26.2 

18.5+ 

15.7 


43.7A 

Transv. 

22.5 

22.6 




43-8 

Comb. 

28.4 

22.7 

20^0 

17 + 

Max.-to- 

43-6 

Longl. 



40.0+t 


43-7 

Transv. 

45.5 

43.8 

38.0+ 

35 ; S 

V* Max. 

43-8 

Comb. 

63.3 

45.3 

39.6+ 

35.2 

(Main Material in 
Compression) 

„ . . (43-7 Transv. 

33.2 

29.5 

25.9 

25.0 

u-to-ivLax. < 

I43-7A 

Transv. 

36.7 

34.5 

28.0 

24.S 


* See remark on page 385-s top of second column, and in tbe 
second paragraph just above. 

>p —Welds not continuous around comers. 

t No specimens in this category failed in the weld, with values oi 
Max. from 28.0 to 45.0. 




WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


dULT 





















pass welds, arising from the wartime necessity of using 
previously stressed plates for the 43-6B and 43-8B series. 

6. Comparison of Calculated Fatigue Strength of the 
Several Series 

From each of the individual tests recorded in Table 
10 (unpeened welds only) and Tables 11 to 13, a “fatigue 
strength” at either 100,000 or 2,000,000 cycles was cal¬ 
culated by the methods of Reix>rt No. 2. The. average 
and minimum values so calculated are given in Table 14,* 
together with a few values calculated from those speci¬ 
mens of Series W, Table 1, which failed in the welds, and 
those of Series C, Table 3, which failed in the weld 
throat. Series 43-6A and 43-8A, with some or all welds 
thermally cracked, are omitted. 

7. Dependable Values—^Fillet Welds in Shear 

Based on the showing of Table 14 the following are 
proposed as “dependable” values, to be regarded as 
assured under procedures and inspection ensuring full 
penetration, soundness and a normd degree of convexity; 
and to be reduced in design by safety factors suited to 
all the conditions. 


Table l^^Dependable Values of Fatigue Strength of Fillet 
Welds in Shear 

Stress Cycle on 

Main Material 

100.000 Cycles 

2,000,000 Cycles 

Full Reversal 

11,000 

8,250 psi. 

Zero-to-Tension 

22,000 

16,500 psi. 

Max.-to- Vi Max. Tens. 

44,000 

33,000 psi. 

Zero-to-^mpression 
(End fillets alone) 

28,000 

21,000 psi. 


As a matter of interest the curves of “dependable” 
strength of fillet welds are compared in Fig. 23 with the 
“allowable” values by Section 2 of the A.W.S. Specifica¬ 
tions for Welded Highway and Railway Bridges, 1941. 



If “dependable” values of shear strength of fillet weld 
■should be desired at other numbers of cycles than 
100,000 and 2,000,000, they may, in accordance with 

* The individual calculated values will all be found tabulated In the above- 
noted Bulletins of the Bog. Exp. Sta., Univ. of Illinois (see page 379-8). 


the principles of Report No. 2, be scaled from the full 
lines in Fig. 28. 

8. Fillet-Welded Tee Joints 

A single series to test the strength of fillet welds used 
in a tee-joint was carried out on the 50,000-lb. machines. 
Details of the specimens are shown in Fig. 24; the test 
results are given in Table 16. All failures occurred in 
the weld metal. 



Series 43-11 
Fig. 24 


Table 16 


Cycle-Unit Stress in Kips per 

Number of Thousands of Cycles 

Sq. In. Shear on Throat of Fillet 

Series 43-11 

+ 13.0 to -13.0 

84.4 

+ 13.0to -13.0 

101.6 

+ 12.0 to -12.0 

201.9 

+ 9.0to - 9.0 

599.8 

+ 8.0 to - 8.0 

598.5 

+ 8.0 to - 8.0 

781.2 

+ 7.0 to - 7.0 

1106.6 

Oto +20.3 

96.7 

0 to +20.3 

118.7 

0 to +20.0 

69.6 

Oto +14.0 

196.0 

Oto +12.0 

861.1 

Oto+12.0 

918.2 

0 to +11.0 

736.0 

Oto +10.0 

2923.4 

Oto +10.0 

4326.2* 

+ 15.0 to +30.0 

313.9 

+ 14.0 to +28.0 

212.5 

+12.0 to +24.0 

682.0 

+11.0 to +22.0 

668.5 

+ 10.0 to +20.0 

1555.9 


* Did not fail. 

Static tests failed at 59,500, 66,300 and 70,100 psi. weld shear. 


The fact that these values lie below those for ordinary 
fillet welds is no doubt due to the fact that the welds are 
subject to an appreciable bending moment, which is 
overlooked when the results are stated in unit shear on 
throat. 

Fatigue strengths, average and minimiun, calculated 
from the data of Table 16 are tabulated in Table 17, and 
therewith “dependable” values for design purposes are 
suggested. 


Table 17—Fatigue Strength of Tee Fillets 

Fatigue Strength in Kips per Sq. In. 
of Shear on Throat 


Stress Cycle on 

No. of 

Calculated 

Calculated 


Stem 

Cycles 

Av. 

Min. 

Dependable 

Full Reversal ■ 

f 100,000 
(2,000,000 

13.3 

6.2 

12.6 

5.9 

12.0 

6.0 

Zero-to-Tension^ 

r 100,000 
(2,000,000 

19.1 

9.6 

16.6 

8.55 

16.0 

8.0 

Tens.-to-Vi 

f 100,000 

36.9 

33.8 

32.0 

Tens. 

(2.000,000 

17.9 

16.7 

16.0 


It is natural that these tee-fillet values should in 
general be lower than those obtained from fillets in 
simple shear (Table 14), and it would appear logical to 
distinguish between the dependable vaJues (Table 15 
and Table 17) in writing specifications for design. 
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9. Unit Fatigue Strength of Main Material Connected 
by Fillet Welds 

Because the exploratory tests had indicated that the 
weld arrangement of Series D, Fig. 8, was as efficient in 
developing the plate as any arrangement usually prac¬ 
ticable for the fillet-weld connection of a plate, ^ries 
43-1 was planned on approximately the same pattern, as 
shown in Fig. 25. 



Fig. 2S 


Because it might be possible for a specimen of this 
design to be made to fail in the weld, preliminary static 
tests were made on four such specimens, two of which 
had and two had Vx«-in. welds. The former 

failed in the welds at average shear on throat of 48,300 
and 52,700 psi., respectively. The latter failed in the 
plates, at average shear on throat of weld of 44,500 and 
44,900 psi., respectively, with simultaneous tension in 
the plates of 57,200 and 56,900 psi., respectively. These 
figures could be used in judging the “balance" of a similar 
design for static loading. 

The pilot tests having further indicated that the welds 
would hold up in fatigue, relatively to static behavior, 
better than the plates, the first specimens for the fatigue 
series were accordingly made with ‘A-in. welds. But 
some of these broke in the welds, so ‘/w-in. welds were 
used for the remainder; some of these ^so broke in the 
welds. 

Test results on specimens of Series 43-1 which broke 
in the welds are given in Table 18. These are not perti¬ 
nent to this part of the report, but are included for record. ‘ 

After it was discovered that most of these specimens 
apparently gave lower fatigue strength of welds in shear 
fhan Series 43-6, 43-7 and 43-8, the broken specimens 
which could be found were examined and found to be 
seriously deficient in actual weld area as compared with 
the nominal dimensions used in Table 18. These speci¬ 
mens are not further considered in estimating weld 
strength; but they afford some evidence that tins weld 
pattern is nearly balanced between plate failure and 
weld failure, in fatigue as just noted for static testing. 


Tabu 18 


Cycle-Unit Stress in Kips per Sq. In. 


Tension on Plate 

Shear on Nominal 
Weld 

No. of Thousands 
of Cycles 

Weld 

Size 

-f-14.0to -14.0 

4-14.3 to -14.3 

50,9 

V« 

-1-14.0 to -14.0 

4-14.3 to -14.3 

56.6 

•A 

-1-14.0 to -14.0 

4-11.3 to -11.3 

28.4 

•A. 

-1- 8.0 to - 8.0 

4- 8.1 to - 8.1 

356.1 

‘A 

0 to 4-20,0 

0 to 4-20.4 

134,7 

‘A 

0 to -f-20.0 

0 to 4-20.4 

138,0 

•A 


Because the exploratory tests (page 382-s) had in¬ 
dicated greater efficiency of development for channel 
sections than for flat plates, Series 43-2, shown in detail 
in Fig. 26, was designed to fully explore this difference. 
It will be noted in the figure that the opportunity for 
effective development was further improv^, at least in 



Series 43-2 
Fig. 26 


expectation, by welding the backs of the channels to the 
near edges of the gussets, to assist in reducing eccentric¬ 
ity.* * 

Failure in Series 43-2 started in each case at the inter¬ 
section of the Vs-in. transverse weld with the Vu-in- 
longitudinal weld, and progressed across the web of the 
chaimel. 

The testing schedule for Series 43-1 and 43-2 was that 
tabulated on page 384-9. The test results are given 
in Table 19. 


Tabu 19 

Cycle-Unit Stress in 

Kips per Sq. In. on Main Number of Thousands of Cycles 

Material Series 43-1 Plates Series 43-2 Channels 


4-13.0 to -13.0 

66.3 

.... 

4-12.0 to -12.0 

167.8 


4-10.0 to -10.0 

285.7 

ii6!4 

4-10.0 to -10.0 


136.3 

4-lO.Oto -10.0 


169.4 

4- 8.0 to - 8.0 

552.6 


4* 7.0 to - 7.0 

671.9 

5^.3 

4- 7.0 to - 7.0 

.... 

1125.6 

+ 7.0 to - 7.0 


1224.2 

4 - 6.0 to - 6.0 

1736 T 


4- 6.0 to - 6.0 

2236.9 


0 to 4-20.0 

129.6 


0 to 4-20.0 

141.1 


0 to 4-20.0 

171.4 


0 to 4-18.0 


'•74.1 

0 to 4-16.0 


155.4 

0 to 4-16.0 


229.0 

0 to 4-14.0 

4i4!4 


Oto 4-14.0 

443.7 

384.7 

Oto 4-14.0 

676.6 

412.0 

Oto 4-12.0 

908.4 

474.9 

Oto 4-11.0 


843.9 

Oto 4-10.5 

14i2!5 


Oto 4-10.0 


4i4.1 

4-15.0 to 4-30.0 

286.1 


4-14.0 to 4-28.0 

360.4 


4-12.0 to 4-24.0 


^3*9 

4-12.0 to 4-24.0 


394.5 

4-11.2to 4-22.4 

^'.2 


4 -11.Oto 4-12.0 

687.0 

^.3 

4-10.0 to 4-20.0 

1138.4 


4- 9.0 to 4-18.0 

981.1 

rok'.e 

4-8,65 to 4-17.3 


840.8 

4- 8.0 to 4-16.0 


1548.1 


Static tests gave the following results in tension per 
sq. in. of main material: 


Series 43-1 Series 43-2 

56,100; 57,200 54,050 

56,900; 57,200 64,690 


* Preliminarj teats with end without this return weld showed that H did 
increase the resistance, but in hardly a significant proportioa. 0 to 

-M6.0. N - 220,000 against 155,400; Cycle 0 to 14.0, N « 413,000 against 
384,700.) 
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It would appear from Table 19 that the endurance of 
double-plane connections may be consistently less than 
that of single-plane members, dependent perhaps upon 
the effectiveness of the battens or other devices used to 
eliminate the eccentricity between the gusset plates and 
the connected members. 

From each of the individual tests recorded in Table 
19, a “fatigue strength” at either 100,000 or 2,000,000 
cycles was calculated by the methods of Report No. 2. 
The average and minimum values* so calculated are 
given in Table 20; together with values from prelimi¬ 
nary Series D, Fig. 8; from Series V, Fig. 3, which was the 
least efficient pattern of the pilot tests; from Series S, 
Fig. 11, which was the least efficient pattern for double 
channels back to back in the pilot tests; and from 
Series GA, which was the least efficient pattern for double 
channels in box form in the pilot tests. 


Tabl* 20—Calculated Fatigue Strength of Main Material 
Subjected to Tenaion and Spliced or Connected by Fillet 

Welds 

(Notb: All of these specimens failed in the main material) 

Calculated Fatigue Strength, Kips 
per Sq. In. of Axial Stress on Main 
Material 




100,000 Cycles 

2,000,000 Cycles 

Cycle Series Material 

Av. 

Min. 

Av. 

Min. 

Full 

[43-1 Plate 

12.8 

11.7 

6.7-1- 

5.1 

Reversal - 

|43-2 Channel 

10.65 

9.8 

6.1 

5.55 


[GA Channel 

12 .6t 

12.0 




'43-1 Plate 

D 

22.2 

21.4 

9.6 

9.1 


Plate 

23.3 

22.2 

10.6 

10 .6- 

0-to-Tension 

V Plate 

14.5 

14.0 


* 


43-2 Channel 

16.06 

13.1 

9.1 

7;4 


IS Channel 

25.2 

24.0 

12.0 

11.5* 


[GA Channel 

19.5 

19.0 



Max. Tens.- 

[ 





to-Vi 

43-1 Plate 

41.1 

41.1 

16.1 

14.6 

Max. . 
Tens. 

^43-2 Channel 

28.5 

25.3 

15.6 

14.7 


* Inefficient weld pattern as shown in the pilot tests, 
t Calculated by assuming same value for "k” as for Series 43-2. 


In considering this tabulation it must be remembered 
that the weld patterns of Series 43-1 and 43-2 are believed 
to be the best fillet-weld patterns available, and that 
there will be many instances in which a less efficient 
pattern will have to serve. Also, while it is well for the 
designer to realize the greater efficiency of channels over 
plates in single-plane construction, it probably will not 
be practical to introduce the distinction into standard 
specifications. On this basis the following are proposed 
as “dependable” values, to be regarded as assured under 
the procedure and inspection called for by standard 
speciffcations, and to be reduced in design by safety fac¬ 
tors suited to all the conditions. 


For concentric connections, such as a double-shear 
plate splice, increase the foregoing dependable values 
at 100,000 cycles by 20%, with no change at 2,000,000 
cycles. For side or end welds only, or for side and end 
welds not continuous arotmd the comers, make a re¬ 
duction of from 10 to 30%. 



Jig. 27—^Dependable Values in Tension Main Material Con> 
nected by Fillet Weld 


As a matter of interest the curves of “dependable” 
strength are compared in Fig. 27 with the “^owable” 
values in Section 2 of the A.W.S. Specifications for 
Welded Highway and Railway Bridges, 1941. 

If “dependable” values of fatigue strength of main 
material in tension be desired at other numbers of cycles 
than 100,000 and 2,000,000 they may, in accordance with 
the principles of Report No. 2, be scaled from the dotted 
lines in Fig. 28. 
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Full lines, dependable unit stress on fillet weld metal. Dotted 
lines, dependable unit stress on main material connected by fillet 
welds. 

Fig. 2d—Variation of Fatigue Strength with Number of Cycles— 
FUlet Welds 


Table 21—Dependable Valiie of Fatigue Strength o£ 
Material Connected by Fillet Welding 

Main Material Not Concentric with Connecting Part 

100,000 Cycles 2,000,000 Cycles 
Full Reversal 9,600 6,400 psi. 

Zero-to-Tension 16,000 9,000 psi. 

Tension-to-V* Tension 24,000 13,500 psi. 


* The individual calcuUited values will be tabulated in a forthcoming 
Bulletin of the Eng. Exp. Sta., Unit, of Illinois. 

1948 


It is obvious from the foregoing that the splicing or 
connecting by means of fillet welds, of members in which 
the a)dal tensile stress will repeatedly vary by two-thirds 
or more of the maximum, is a dangerous procediue unless 
the unit stresses in the main material are reduced to very 
uneconomical fiigures. 

It is also evident that in fillet-welded assemblages de¬ 
signed on the usual allowances for static structures, it is 
virtually impossible by repeated or reversed loading to 
break the welds until after the main material will have 
failed. 
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Part II—Plug and Slot Welds 

Unless otherwise stated, the plug and slot welds herein 
discussed conformed to the apparent intention of the 
American Welding Society definition, in that the holes 
were completely ^ed at the faying siu^ace, and to the 
depth required by the A.W.S. Specification for Welded 
Highway and Railway Bridges.* A few fillet welds de¬ 
posited around the periphery of the hole at the faying 
surface, leaving an inner portion of the faying surface 
unwelded, were included, for a comparison with other 
fillet weld behavior. 

Plug welds may be employed for three different pur¬ 
poses: (1) to hold together the component parts of a 
(say) axially stressed member without transfer of any 
sut^tantial stress—e.g., plug welds joining wide cover 
plates to a rolled column; (2) to transfer gradual incre¬ 
ments of stress from inner to outer elements of a fleximal 
member—e.g., plug welds along the center line of a cover 
plate added to a rolled beam flange; and (3) to assist in 
unloading a (say) axially stressed member at its ends— 
e.g., combination of fillet and plug welds connecting a 
truss member to a gusset plate. 

A slot weld is seldom employed except for the last of 
these purposes—for an example see Series Y, Fig. 4, and 
Series A2, Fig. 13, in Part I. 

Plug welds used for the first purpose indicated, have 
not been included in the following tests of fatigue 
strength. 

Plug (or slot) welds used for the second purpose have 
not been included in the following tests, but may later 
be considered in connection with fatigue tests on flexural 
members. 

Plug and slot welds used for the third purpose are 
alone considered in the following tests, all of which are 
tests of splices or connections used to load and unload 
axially stressed members at their extremities. 

A plug or slot weld thus employed may fail either by 

(1) shearing of the weld at the faying surface, accompa¬ 
nied by more or less tearing out of a plate surface, or by 

(2) transverse failure of a plate. A third type of failure 
may be conceived of, viz., bearing between plate and 
plug, regarding the latter as a pin or rivet; this concep¬ 
tion has led to a specification setting an upper limit to 
the ratio of plug diameter to plate thickness. The tests 
served well to predict and establish working values for 
the first two types of failure; they showed the third 
consideration to have a perceptible but not a great in¬ 
fluence. 

All of the specimens discussed in what follows were 
made in the fbt position using carbon structural steel 
(A.S.T.M. A-7) and shielded-arc electrodes. The plates 
were obtained from various heats; from the scattering 
nature of the test results there appears to be no correla¬ 
tion with plate coupon strength and no reason why the 
tests are not representative of any steel conforming to 
the A-7 specification. 



Series F, G, H and I 
Fi9. 29 


and comprised a search for a correlation between plug 
diameter and plate thickness. All specimens failed by 
shear of the plug, for both static and fatigue tests. 
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Series PA to PN 

Diameter of Hole and Thickness of Plates Variable. 


Fig. 30 


See Table 
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Series N 
Fig. 31 
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Series O 
Fig. 32 


1. Plug Welds Fedling by Shear of Plugs 

The "exploratory” and "definitive” tests of each plug 
weld variable will be grouped in the following r 

The first exploratory tests were made on two-plug 
splices, as shown in Fig. 29. All specimens failed in the 
plugs, usually tearing out the inner plate for a depth of 
Vi« to Vs in. 

The second exploratory series comprised single-plug 
joints as shown in Fig. 30 and as tabulated in Table 22, 


* Pill approximately flush if material is not over */■ in. thick; othsrwbe, 
halfway to the surface but not less than •/* io. 


Four series. Nos. N and O, P and R, Figs. 31-34, 
inclusive, were set up with the arrangement of multiple 
plugs as the variable. In many tests of riveted joints 
it has been found that rivets in the arrangements of 
Series O and R are much less uniformly stressed in the 
early stages of loading than rivets in the arrangement 
of ^ries N and P; although at ultimate load it is usual 
for all the rivets in either type of group to fail simul¬ 
taneously. Because the tests indicated an unexpected 
(slight) advantage of Series R over Series P, the addi¬ 
tional specimens 42-E and 42-F were added to the pro¬ 
gram and their behavior was confirmatory. 


WELDING RESEARCH SUPPLEMENT 

Digitized by 


Google 


390-s 


JULY 







Series R Series 42-F 

Fig. 34 


These exploratory tests having eliminated plug 
arrangement as an important variable, the definitive 
Series 43-3, Fig. 35, was set up with a siifficient number 
of specimens to determine the fatigue strength of the 
plugs on three different fatigue cycles. 



Series 43-3 
Fig. 35 


The material for Series 43-3 was all close to its average 
coupon values of 40,300 yield point, 63,700 ultimate. 
Carbon varied from 0.20 to 0.25, averaging 0.22. Man¬ 
ganese varied from 0.37 to 0.56, averaging 0.44. 

Welding procedure comprised a Iwttom layer with 
Va-in. electrode E6010, reverse polarity, and two subse¬ 
quent layers with Vie-in. electrode E6012, straight polar¬ 
ity, each layer being chipped to remove the slag. 

Most of the specimens in Series 43-3 failed by shearing 
of the plugs, and all except one of those which failed in a 
plate showed incipient failure of plug and are reported 
as plug failures. 

The tests of all these series are summarized in Table 
22. Shear of plugs in all cases is expressed by dividing 
the total load at failure by the area of a circle having the 
diameter called for by the drawing (the actual area of the 
hole is frequently greater because of die clearance, and 
the area of fracture greater still because of penetration). 

Referring to Series F and G, H and I, it would appear 
that increasing the size of the plug decreased the number 
of cycles at a common unit stress cycle of 0 to 25,000 psi. 

Referring to Series PA to PD, PE to PI, and PJ to 
PN, in each of which the plug has a constant diameter, 
three is a general tendency for the resistance of the plug 
to improve with increased thickness of plate, but this 
tendency reverses in comparing PG, PH and PI. 

Comparing PC, PG and PK (all Vrin. plates); PD, 
PH and PL (all Vrin. plates); and PI and PM (all 
•/ 4 -in. plates); there is not a consistent tendency for the 
resistance to fall with increase of plug size. 


Tabu 22—Fatigue Strength of Plugs Failing in Shear 





Diam¬ 

Cycle-Unit Stress 

Number of 


Plate Thickness 

eter 

in Eips per Sq. 

Thousands 

Series 

Inside 

Outside 

In. 

In. Shear on Plug 

of Cycles 

F 

V4 

V. 

Vi 

0 to 25.0 

268.3 


V 4 

*A 

Vi 

0 to 25.0 

351.9 


V4 

V. 

Vi 

0 to 25.0 

521.7 






380.6 Av. 

G 

V4 

V* 

1 

0 to 45.0 

6.5 


V 4 

Vi 

1 

0 to 25.0 

67.2 


V4 

V* 

1 

0 to 20.0 

270.8 

H 

•A 

•A 

I 

0 to 25.0 

112.3 


‘A 

V 4 

1 

0 to 25.0 

144.9 


V4 

V4 

1 

0 to 25.0 

246.3 






167.8 Av. 

I 

1 

Vi 

IV* 

0 to 25.0 

51.3 


1 

Vi 

IV* 

0 to 26.0 

67.1 


1 

Vi 

IV* 

0 to 25.0 

76.6 






65.0 Av. 

PA 

■A 

Vi 

>V.| 

Oto 27.6 

36.9* 


‘A 

Vi 

•V.I 

0 to 23.0 

72.2* 


V* 

Vi 

‘V.I 

0 to 20.0 

87.8 


V* 

Vi 

‘V.I 

0 to 20.0 

94.8 






91.3 Av. 

PB 

‘A 

Vi 

‘Vie 

Oto 20.0 

149.3 


V* 

V. 

‘V.I 

0 to 20.0 

150.9 


V* 

Ve 

‘V.I 

Oto 20.0 

158.4 


‘A 

Vi 

‘V.I 

Oto 20.0 

192.4 






162.8 Av. 

PC 

‘A 

■A 

‘V.. 

0 to 20.0 

178.1 


'A 

v» 

‘V.I 

0 to 20.0 

230.7 


‘A 

V* 

‘V.I 

0 to 15.0 

1996.4* 




Static 50,250 

204.4 Av. 

PD 


Vi 

“Ai 

Oto 20.0 

95.3 


V. 

V. 

‘V.I 

0 to 20.0 

150.0 


V* 

V* 

‘V.. 

0 to 20.0 

444.2 




Static 

54,000 

229.8 Av. 

PE 

•Vt 

V,I 

“Ai 

0 to 20.0 

66.5 


V* 

V.I 

“Ai 

0 to 20.0 

90.1 


‘A 

Vi. 

•V.I 

Oto 20.0 

173.5 




Static 48,000 

110.0 Av. 

PF 

‘A 

Vi 

•V.I 

0 to 20.0 

84.4 


V* 

Vi 

“/.I 

0 to 20.0 

118.2 


•A 

V. 

“A. 

0 to 20.0 

167.2 






123.3 Av. 

PG 

•A 

V* 

“Ai 

Oto 20.0 

124.3 


‘A 

‘A 

•V.I 

0 to 20.0 

268.3 


‘A 

‘A 

“Ai 

Oto 20.0 

345.9 




Static 50,000 

246.2 Av. 

PH 

‘A 

V. 

■V.I 

0 to 20.0 

70.9 


‘A 

Vi 

•V.I 

0 to 20.0 

168.7 


‘A 

Vi 

‘V.I 

0 to 20.0 

298.0 




Static 49,300 

179.2 Av. 

PI 

•A 

Vi 

•V.I 

0 to 20.0 

86.4 


•A 

Vi 

“Ai 

0 to 20.0 

g 116.0 


•A 

Vi 

“Ai 

Oto 20.0 

363.4 




Static 57,600 

185.3 Av. 

PJ 

■A 

V. 

IV.I 

0 to 20.0 

68.1 


‘A 

V. 

i‘Ai 

Oto 20.0 

69.0 


V* 

Vi 

i‘Ai 

Oto 20.0 

84.8 


Static 48,650 74.0 Av. 
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Tabu 22 (Continued) 





Diam¬ 

Cycle-Unit Stress 

Number of 


Plate Thickness 

eter 

in Kips per Sq. 

Thousands 

Series 

Inside 

Outside 

In. 

In. Shear on Plug 

of Cycles 

PK 

Vi 

Vi 

IV.I 

0 to 15.6 

190.7* 


V. 

Vi 

iVii 

0 to 20.0 

67.9 


Vi 

Vt 

iVif 

0 to 20.0 

97.6 




Static 48,800 

77.7 Av. 

PL 

V. 

Vi 

IVi. 

0 to 20,0 

109.4 


V. 

Vi 

IVii 

0 to 20.0 

136.7 


•A 

•A 

IV.. 

0 to 20.0 

227.2 




Static 49,300 

167.4 Av 

PM 

•A 

‘A 

IVi. 

0 to 20.0 

115.1 


Vi 

Vi 

IV.. 

Oto 20.0 

147.1 


Vi 

Vi 

IVi. 

0 to 20.0 

676.8 




Static 51.300 

279.6 Av. 


PN 

V. 

V. 

IV.I Oto 15.6 

1439.9* 


V. 

Vs 

iVii Oto 20.0 

212.9 


V. 

V. 

iVi. Oto 20.0 

372.8 




Static 47,900 

292.8 Av. 


N Vi 

Vs 

‘V.i 

Oto 20.0 

80.6* 

Vi 

Vi 

•V.i 

0 to 15.0 

194.3 

Vi 

Vi 

‘V.I 

0 to 15.0 

666.1 



Static 41,800 

425.2 Av. 


0 Vi 

Vi 

“A. 

0 to 15.0 

306.8 

Vi 

Vi 

>V.i 

0 to 15.0 

378.6 

Vi 

Vi 

“Ai 

0 to 15.0 

677.6 



Static 44,700 

421.0 Av. 


P Vi 

Vi 

“A. 

0 to 15.0 

269.2 

Vi 

lA 


0 to 15.0 

450.2 

Vi 

Vi 

“/.I 

0 to 15.0 

464.5 



Static 43,850 

394.6 Av. 


R 

V. 

Vi 

>V.i 

0 to 15.0 

1306.lt 


Vi 

V* 

‘Vi. 

0 to 15.0 

1565.8t 


v« 

Vi 

“A. 

0 to 15.0 

1645.Ot 

1505.3 Av. 

42-E 

Vi 

Vi 

‘V.I 

0 to 20,0 

114 2 


Vi 

Vi 

‘Vii 

0 to 20.0 

238.9 


Vi 

V* 

“Ai 

Oto 20.0 

245.7 

199.6 Av. 

42-F 

Vi 

Vi 

‘V.I 

0 to 20.0 

239.4 


Vi 

Vi 

‘V.I 

0 to 20.0 

258,9 


Vi 

Vi 

•V.I 

0 to 20.0 

287.9 

262.1 Av. 

42-E 

Vi 

Vi 

‘V.I 

0 to 14,0 

1019.3 


Vi 

Vi 

‘V.I 

0 to 14.0 

1287.0 


Vi 

Vi 

“Ai 

0 to 14.0 

1371.3 

1225.9 Av. 

42-F 


Vi 

‘V.I 

0 to 14,0 

846.0 


Vi 

Vi 

“Ai 

0 to 14.0 

1109.2 


Vi 

Vi 

“Ai 

0 to 14.0 

1946.2 


1300.5 Av. 


42-E 

Vi 

‘A 

‘V.I 

-f-14.Oto 

-14,0 

37,9 


V, 

‘A 

‘V.e 

-f 14.Oto 

-14.0 

60.0 


Vi 

‘A 

“Ai 

-1-13.Oto 

-13.0 

115.3' 


49.0 Av. 



Plate Thickness 

Diam¬ 

eter 

Series 

Inside 

Outside 

In. 

42-F 

Vi 

‘A 

‘Vii 


Vi 

‘A 

“Ai 


Vi 

‘A 

“Ae 

42-E 

Vi 

‘A 

“A. 


Vi 

‘A 

‘Vi. 


V. 

‘A 

“Ai 

42-F 

Vi 

Vi 

‘Vii 


Vi 

‘A 

“Ai 


Vi 

‘/l 

‘Vii 

43-3 

1 

‘A 

i‘A. 


* Not included in average 
t Failed in inside plate, 
i Failed in outside plate. 


Cycle-Unit Stress 

Number d 

in Kips per Sq. 

Thousands 

In. Shear on Plug 

of Cyde 

-1-14.0 to -14.0 

23.5 

•f 14.Oto -14.0 

90.4 

-1-12.Oto -12.0 

84.8* 

57.0 At, 

-1- 9.Oto - 9.0 

340.3 

-1- 9.0 to - 9.0 

847.1 

+ 9.Oto - 9.0 

1133,1 

773.6 At 

-1- 9.Oto - 9.0 

772.1 

-1- 9. Oto - 9.0 

854.7 

-1- 9.Oto - 9.0 

1253.7 

960.2 At. 

-1-14.0 to -14.0 

32.9 

-HU.Oto -11.0 

111.7 

+ 9.0 to - 9.0 

338.5 

+ 7.0 to - 7.0 

778.8 

+ 7.Oto - 7.0 

1183.3 

+ 7.0 to - 7.0 

1675.7 

+ 7.Oto - 7.0 

1980.2 

Oto 24.0 

54.4 

0 to 22.0 

136.3 

0 to 20.0 

292.1 

0 to 15.0 

587.6 

0 to 15.0 

729 9 

Oto 16.0 

853.0 

Oto 13.0 

1831.8 

Oto 13.0 

2094.6 

15.5to31.0 

995.5 

15.Oto 30.0 

466.9 

14.Oto 28.0 

843.9 

12.0 to 24.0 

1315.6 

12.0 to 24.0 

1714.7 

12.0 to 24.0 

2260.2 

j of difference in the 

stress cycle 


The plugs in outside plates, also the 

^Vw-in. plugs in Vw-in. and Vs-in. and the 1‘/u-in. holes 
in Vs-in. (^ries PA, PE, PF, PJ), violate the restriction 
(A.W.S. Specifications for Welded Highway and Railway 
Bridges, 1941) that the plug diameter shall not exceed 
2^/4 times the thickness; and all show relatively low re¬ 
sistance; but Series PK, which conforms, is no better. 

All in all, it can be said that the restriction of plug si« 
to a constant multiplier (as 2 ^/a) of the plate thickness is 
made to appear reasonable, but not closely established, 
by these tests. 

Comparing Series F to I with Series PA to PN, it 
would appear that the first, or two-plug groups, with¬ 
stood as many cycles on 0 to 25,000 psi. as the second, or 
one-plug groups, withstood at 0 to 20,000. Plug welds 
do not clamp the plates, and there is a possibility Uiat the 
flexural stress in the plugs was greater for the one-plug 
than for the two-plug joints, and that this accounts for 
the lesser fatigue strength of the former. 

Comparing Series N (two plugs in line) with Series 0 
(three plugs in line), the former makes a slightly poo^ 
showing in static test; the fatigue tests are incondusivc 
for lack of sufficient specimens. But similarly compar¬ 
ing Series P (two plugs in line) with Series R (four plug^ 
in line) there is unmistakable superiority in fatigue for 
the latter. 

Because this had not been anticipated, Series 42-E 
(two plugs in line) and 42-F (four plugs in line) were pre¬ 
pared in greater quantity and tested on four different 
cycles (Table 22). The results were a virtual stand-off. 
conclusively proving that with plug welds as with rivets, 
in medium steel the overstress on the end plugs of long 
rows during elastic behavior disappears in the plastic 
range and has no effect upon ultimate strength. 
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Referring to the definitive tests (on a constant speci¬ 
men) of S^es 43*3, if the number of cycles endured be 
compared with those endured on the same stress cycle 
by any of the preceding (exploratory) Series in Table 22, 
there is no serious disagreement. Fatigue strengfth at 
100,000 and 2,000,000 cycles have been calculate, by 
the principles of Report No. 2, for all of the tests of 
Series 43-3, and the average and minimum values are 
shown in Table 23. In this table there also are tabulated 
the minimum values from any of the other series, cal¬ 
culated by assuming the same S/N curve to hold as for 
Series 43-3. 


T«bl» 23—Fatigu* Str«ngth o£ Plug W«lds in ShMr 

Calculated Fatigue Strength, Kips per 
Sq. In. Shear 

100,000 Cycles 2.000,000 Cycles 
Series and Cycle Av. Min. Av. Min. 

43-3 

Full Reversal 11.3 11.2 6.5 6.8 

Zero-to-Max. 23.1 21.4 12.6 11.9 

Vj Max.-to-Max. 42.1* .. 23.9 22.2 

42-E 

Full Reversal ., 7.5t 

N, O, P 

Zero-to-Max. 20.Of 11.Of 

* Calculated from strength at 2,000,000 cycles by assuming same 
S/N curve form as for the other cycles. 

t Assuming same form of S/N line for these Series as for Series 
43-3. 


On comparing the above tabulated shearing fatigfue 
strengths with those recommended in Table 15 as de¬ 
pendable for fillet welds in shear, it is found that up to 
100,000 cycles the latter could be used also for shear on 
plug welds; but that as the cycles increase toward 
2 ,000,000 there is an important reduction of plug weld 
below fillet-weld strength, which should not be over¬ 
looked by designers. The dependable values of Table 
15 for 2,000,000 cycles should be reduced one-fourth in 
the case of plug welds. 



Fig. 36—Dependable Values. Fatigue Strength of Plug Welds 
in Shear 


As a matter of interest the curves of “dependable” 
strength of plug welds recommended in the preceding 
paragraph are compared in Fig. 36 with the “allowable” 
values by Section 2 of the A.W.S. Specifications for 
Welded Highway and Railway Bridges, 1941. 

If “dependable” values of shear strength of plug welds 
should be desired at other numbers of cycles than 100,000 
and 2,000,000, they may, in accordance with the prin¬ 
ciples of Report No. 2, be scaled from the full lines in 
Fig. 39. 


2. Fatique Strength Plates Connected by Plug 
Welds 

For convenience in testing, the plug weld specimens 
were made as double-shear splices, that is, an inner plate 
was connected to two outer plates, one on each face of 
the inner plate, by plug welds through the two outer 
plates. In this way transverse tension was practically 
eliminated from the fa 3 dng surfaces, as compared wirii 
what it would have been had only two lapped plates 
been used. 

In most applications, one outer plate will be plug 
welded to a substantial inner body, such as an I-beam of 
some depth, and substantial transverse tension will not 
exist. The behavior of the plugs in shear will be simu¬ 
lated by the tests reported just above. The second criti¬ 
cal factor will be the failure of the plate in tension. This 
was accordingly simulated by testing the behavior of the 
outer plates of three-plate specimens PS, PT, PU as 
shown in Fig. 37. 

Other specimens P*0, PP, PR as shown in Fig. 37, were 
designed to break in the center plate; simulating a de- 



Plate Thickness 


-Specimen No.— 

To fail in I.S. 

PO 

Diameter 

»/i. 

Outside 

V4 

Inside 

*A 

Pit. 

PP 

»/u 

»/• 

Vt 


PR 

IVi. 

V. 

•A 

O.S. 

PS 

‘Vt. 

v» 

Vt 

Pit. 

PT 

»/.l 

‘A 

V. 


PU 

IVu 

‘A. 

V4 


Fig. 37 



Series 43-4 and 43-5 
Fig. 38 


S 



Full lines, dependable unit stress on nominal plug area. Dotted 
lines, dependable unit stress on main material connected by plug 
welds. 


Fig. 39—Variatien of Fatigue Strength with Number of Cycler- 
Plug Welds 
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sign arrangement which is possible though it will prob¬ 
ably be infrequent. 

As in the case of the specimens designed to fail by 
shearing of the plugs (Series 43-3), other specimens were 
made in quantity, in accordance with Fig. 38 for testing 
on three cycles for failure in the plates. 

Specimens 43-5, Fig. 38, were designed to fail in the 
outer plates; Specimens 43-4 to fail in the inner plates. 


Table 24—Fatigue Strength o£ Plug-Weld Joints Failing in 

PUtes 



Cycle-Unit Stress in Kips per Sq. In. 

Number of 
Cycles in 

Series 

of Tension on Gross Area of Plate 

Thousands 

PS 

I. Failure in Outside Plate* 

0 to 25.0 

406.7 


Oto 25.0 

459.7 


0 to 25.0 

606.3 

PT 

0 to 25.0 

121.0 


0 to 25.0 

145.4 


Oto 26.0 

248.2 

PU 

0 to 25.0 

199.9 


0 to 30.2 

44.6 

43-6 

~16.0to +16.0 

62.5 

80.8 

43-6 

-16.0 to +15.0 

81.2 

43-5 

-14.0 to +14.0 

72.8 

43-6 

-11.0 to +11.0 

266.9 

43-5 

- 7.0 to + 7.0 

472,2t 

43-5 

- 7.0 to + 7.0 

1504.1 

43-5 

- 7.Oto + 7.0 

1630.7 

43-5 

- 7.0 to + 7.0 

1683.9 

43-6 

0 to 25.0 

89.8 

43-6 

Oto 24.0 

122,7 

43-5 

Oto 24.0 

131.8 

43-5 

0 to 16.0 

311.5 

43-5 

0 to 16.0 

475.8 

43-5 

Oto 14.0 

835.6 

43-5 

0 to 13.0 

1744.7 

43-6 

+ 17.0 to +34.0 

509.6 

43-5 

+ 15.Oto +30 0 

613.9 

43-6 

+ 15,0 to +30.0 

811.2 

43-5 

+ 14.0 to +28.0 

1939.6 

PO 

II. Failure in the Inner Plated 
0 to 25.0 

118,9 


0 to 25.0 

164.8 


0 to 25.0 

169.3 

PP 

0 to 25.0 

104.6 


0 to 25.0 

105.1 


Oto 21.4 

177.4 

PR 

Oto 25.0 

86 ,7§ 


0 to 25.0 

108.61 


0 to 25.0 

193.3 

43-4 

-15.0 to +15.0 

93.0 

43-4 

-15.0 to +16.0 

95.3 

43-4 

-13.0 to +13.0 

118,6 

43-4 

-10.0 to +10.0 

261.7 

43-4 

-10.0 to +10.0 

264.5 

43-4 

- 7.0 to + 7.0 

935.6 

43-4 

- 6.5to + 6.6 

941.4 

43-4 

- 5.6to + 5,6 

3259.6 

43-6 

-5.25 to +5,25 

993.1 

43-4 

Oto +27.0 

63.1 

43-4 

0 to +26.0 

144.2 , 

43-4 

0 to +24,0 

130,3 

43-4 

0 to +14.0 

492.0 

43-4 

0 to +12.0 

2286.2 

43-4 

0 to +11.0 

1388.5 

43-4 

0 to +11.0 

1622.3 

43-4 

+ 17.0 to +34.0 

240.7 

43-4 

+ 17.0 to +34.0 

285.5 

43-4 

+ 12.0 to +24.0 

1185.3 

43-4 

+ 12.0 to +24.0 

1402.6 

43-4 

+ 11.Oto +22,0 

1363.4 

43-6 

+ 10.5 to +21.0 

1935.2 


• Static tests failed at 61,600, 62,100 and 66,000 psi. in the outer 
plates, at a short distance from the plugs. 

t Microscopic analysis showed an excessive number of blow¬ 
holes. This specimen disregarded in Table 25. 

X Static tests failed at 65,400 and 66,100 psi. in the inner plate. 
§ Failed in plug. 


The position and technique of manufacture were ts 
recorded above for Series 43-3. 

The test results are given in Table 24. 

There was in gener^ a better consistency among the 
plug-weld tests recorded in Series 43-3, 43-4 and 43-^ 
than had previously been found for fillet welds. This 
may be because the variations of form are under much 
closer control during laying of the weld metal. 

The fatigue strengths of plates attached by plug wdds, 
computed in accordance with the principles of Report 
No. 2 for failure at 100,000 and at 2,000,000 cydes, art 
recorded in Table 25. 


Tabu 25—Fatigue Strength o£ Plates Connected by Plug 

Welds 

Fatigue Strength of Plates in Kips pe 
In. of Gross Area of Plate 


Series and Cycle 

100,000 Cycles 
Av. Min. 

2,000,000 Cycle 
Av. Min. 

Outside Plates. Series 43-5 
Full Reversal 

14.1 

12.9 

6.6 

6 5 

Zero-to-T ension 

24.2 

21 2 

11.7 

11 2 

Tension-to-Vi Tension 

62.1* 


24.6 

22 3 

Inner Plates, Series 43-4 

Full Reversal 

14.2 

13.7 

5.3 

5.1'- 

2 ;ero-to-Tension 

26.3 

23,1 

10.1 + 

8 6 

Tension-to-V» Tension 

47.1 

45.8 

20.2 

19 3: 


* Calculated from strength at 2,000,000 cycles by assuming samt 
S/N curve form as for the other cycles, 
t One specimen in Series 43-5 ■» 4.1. 
j One specimen in Series 43-5 « 20.6. 


By comparing Table 25 with Table 21 it is seen tha: 
the “dependable” values for plates connected by fillet 
welding are also dependable for plates connected by plu^ 
welds, whether the plates lie on the outside or in the 
interior of the joint. 

The dotted lines in Fig. 39, are the dependable values 
of tensile strength of plates connected by plug welds, 
and are in the same locations as on Fig. 28. 

3. Slot Welds 

Tests were made of the fatigue strength in shear of 
the metal deposited in slots. Tests of the fatigue 
strength in tension of the plates connected by slots were 
considered unnecessary, in view of the tests recorded ii 
the last four tables and the conclusion reached just 
above; this idea, it will be seen, was not borne out by 
the tests. 
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Series 43-12 
Fig. 40 
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Series 43-13 
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Table 26—Fatigue Strength of Slot Welds in Shear 

--Fatigue Strength in Kips per Sq. In.-;- 

of Shear on Weld Metal in Slot of Tension on Failed Plate 



100.000 Cycles 

2.000,000 Cycles 

100,000 Cycles 

2.000,000 Cycles 

Series and Cycle 

Av. 

Min. 

Av. 

Min. 

Av. 

Min. 

Av. 

Min. 

Longitudinal Slots, Series 43-12 
Full Reversal 

13.1 

12.0 

6.8 

6.3 

9^0 

8.7 

3.5 

3.4 

Zero-to-Max. 

27.9 

25.0 

11.1 

10.6 

16.0 

14.6 

6.4 

6.1 

Vt Max.-to-Max. 



22.2 

20.8 



12.6 

11.6 

Transverse Slots. Series 43-13 

Full Reversal 

10.0 

9.15 

5.3 

4.7 

6.7 

5.6 

3.0 

2.5 

Zero-to-Max. 

20.0 

18.7 

10.2 

10.1 

11.4 

10.7 

6.8 

6.7 

*/t Max.-to-Max. 



19.6 

18.1 



11.0 

10.2 


The slots in Series 43-12 were arranged with the long 
axis longitudinal, as shown in Fig. 40. 

The slots in Series 43-13 were arranged with the long 
axis transverse, as shown in Fig. 41. 

The slots were of equal area in the two series, and the 
plates were made of a thickness expected to ensure failure 
of the welds. 

However, this result was not entirely attained. In 
Series 43-13 failure occtured about as often in the plates 
as in the welds; in Series 43-12 it appeared almost always 
in the plates, though examination revealed that usuaUy 
the weld was also cracking. 

The results of the individual tests will not be given 
in this Report.* The average and minimum fatigue 
strengths, calculated in accordance with the principles 
of Report No. 2, are given in Table 26. 

Comparing the weld strengths of Table 26 with the 
“dependable” values of Table 15, and the plate strengths 
with the “dependable” values of Table 21, it is seen that 
slot welds, whether longitudinal or transverse, cannot 
practicably be used to carry computed shear across the 
faying surface, except in the case of steady loads. This 
case is, of course, entirely distinct from that of fillet welds 
in slots forming a part of an end connection (Fig. 4 and 
Table 2). 

Static tests gave results as follows: all failed by shear¬ 
ing of the weld metal, but in Series 43-13 the plate was 
commencing to crack. 


Ultimate Static Strength in Pounds per 
Sq. In. 

of Shear on Weld of Tension in Plate 
Series 43-12 54.610; 65.150 20,930; 31.260 

Series 43-13 49.315; 49.890 28,045; 28,370 
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Series 42-A and 42-B 
Fig. 42 


Four specimens each were made in accordance with 
Series 42-A and 42-B, Fig. 42. Series 42-A was a close 
approach to a plug weld, typical except for the incom¬ 
plete filling and hence an apparent lack of backing-up for 
the load on the side walls. Series 42-B was spread to 
lose resemblance to a plug weld and to become a typical 
fillet in a hole. In Series 42-A the conical area defined 
in the specification above referred to was 99.3% of the 
area of the circular hole at the faying surface; in Series 
42-B it was only 83.0%. 

One specimen of each was tested statically, and three 
on the cycle zero-to-maximum shear. 

The static shearing strength was computed on three 
different assumptions of critical area, as stated in Table 
27. 


Table 27—Static Shear Strength of Fillet Welda in 
Circular Holes 

.-In psi., based on-- 

Area of Hole in Area at Root of Fil- 
Area of Hole in Outer Plate Less let in Accordance 

Series Outer Plate Unwelded Area with A.W.S. Spec. 

42-A 45.400 46.700 45.300 

42-B 39.600 47,700 55,900 


Part III—Miscellaneous Tests 

1. Fillet Welds in Circular Holes 

In many applications it is considered adequate to 
employ an incomplete plug (or slot) weld, comprising 
only a single fillet around the periphery at the faying 
surface, the remainder of the hole remaining empty. 
The A.W.S. Specifications for Welded Highway and RaU- 
way Bridges, 1941, Art. 217C, stipulate that such fillet 
welds in holes (or slots) shall be computed as fillet welds, 
using for the effective length of throat the length of the 
center line of the weld through the center of the plane 
of the throat. It was desired to check upon the appli¬ 
cability of this design rule. 

* They will be given in full in a forthcoming Bulletin of the Eng. Exp. Sta., 
Univ, of Illinois. 


Inasmuch as both static failures were by shear on the 
welded area at the faying surface, and inasmuch as the 
unit static shears computed on the nominal welded area 
at that surface (middle column, Table 27) agreed reason¬ 
ably with one another and with the static shearing 
strength of regular plug welds recorded in Table 22, it 
would seem that the above-quoted specification rule for 
critical area is under suspicion as too conservative until 
more tests can be made. 

The six fatigue tests are recorded in Table 28. 

All specimens broke in the weld metal at the faying 
surface, tearing metal out from the interior plate. 

There are too few tests here for the drawing of final 
conclusions, but four indications may be noted, for 
possible further examination in the futiue. 

1. Series 42-A, typical plugs except for omission of 
filling, are seen by comparison with Table 23 to have 
about the minimum fatigue strength there recorded 
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Table 2&—Fatigue Testa of Fillet Welds in Circular Holes 


Cycle-Unit Stress in Kips per Sq. In. Shear on Weld 

--Based on-. 

Area of Hole Area of Throat 


Series 

Area of Hole 

Less 

Unwelded 

Area 

of Fillet 
by A.W.S. 
Spec. Rule 

Number of 
Thousands 
of Cycles 

42-A 

0 to 20.0 

0 to 20.6 

Oto 19.9 

90.4 


0 to 20.0 

0 to 20.6 

Oto 19.9 

101.2 


0 to 20.0 

0 to20.6 

Oto 19.9 

179.4 

42-B 

0 to 20.0 

0 to 24.1 

Oto 28.2 

123.7 Av. 

116.0 


0 to 20.0 

0 to 24.1 

0 to 28.2 

136.6 


0 to 20.0 

0 to 24.1 

0 to 28.2 

161.3 


134.3 AV. 


Table 29—Fatigue Strength of Outside Plates. Plug WeUi 
▼s. Fillet Welds in Holes 

Thousands of Cycles 

Cycle-Unit Stress in Kips per Sq. In. Plug Welds Fillet Welds 
on Gross Area of Outside Plates Series 42-K Series 42-L 


0 to 20.0 

49.4* 

66 .6t 



69.4t 


0 to 14.0 

263.5 

174.4 


640.0 

217.3 


1001.4 

223.1 

Oto 10.0 


875 3 
903 2 
1214.6 


* Broke in plugs and plate, 
t Broke in plugs. 


(100,000 cycles at 0-to-2L4 ksi.) for standard plugs. It 
is virtually indifferent what area is used for computing 
their strength, since the three areas happen to be almost 
identical. Where transfer of important calculated shear 
is desired, the holes should be filled. 

2. The weld volumes of Series 42-A and 42-B are 
practically identical, but the total load which Series 42-B 
endured for 115 to 151 thousand cycles was 1.71 times 
that which 42-A endured for 90 to 179 thousand cycles. 
The more open type is therefore more efficient in use of 
weld metal. 

3. Series 42-B is seen by comparison with Table 23 
to have a high fatigue value compared with solid plugs 
based on the area of hole less unwelded area, and an ex¬ 
ceptionally high value if based on the throat area as 
defined in the bridge specification. The area of hole less 
unwelded area seems to be the better assumption for the 
area on which to allow the permissible weld shearing 
stresses of design specifications. 

4. The area in question (area of hole less unwelded 
area) for Series 42-B is 0.736 sq. in., and the volume of 
weld metal is 0.131 cu. in. The area of an equivalent 
standard plug weld is the same, and the volume 0.230 
cu. in. Therefore fillet welds in circular holes with sub¬ 
stantial unwelded centers are economical where appli¬ 
cable. 

This reasoning, and that of item 2 above, will be modi¬ 
fied if the net tei^e area of the plate containing the hole 
or holes is critical. 



Oe+ail A. 

Series 42-K and 42-L 
Fig. 43 


Tests were made to compare the fatigue strength of 
plates with standard plug welds and with fillets in holes, 
the specimens being as shown in Fig. 43. The design 
was intended to give failure in the outside plates. The 
test results are pven in Table 29. 

This was obviously an unsatisfactory series, giving 
plate values well below the consistent results of Series 
43-5, Table 24, and with the first three specimens tabu¬ 
lated failing in the plugs well below the minimum value 
recorded in Table 23 for many plug-weld tests. No 


conclusions can be drawn from this Series report except 
that, using the same diameter of hole, there is a gain in 
fatigue strength by filling the hole. 

2. Exploratory Tests on Restitution of Net Section cd 
Riveted Tension Members 

One important finding of the San Francisco-Oakland 
Bay Commission program of static tensile tests on large 
riveted joints (Davis, Woodruff and Davis, Trans 
A.S.C.E., 1940, p. 1193) was that the efficiency of such 
a joint cannot much exceed 75%, as related to the gross 
strength of the material. The Committee felt it im¬ 
portant to make a pilot investigation as to the possibility 
of restoring the lost 25% by welding on additional ma¬ 
terial near each splice or connection of a riveted member, 
in such amount that the net area through the original and 
added material should equal the gross area of the main 
material. 

There could be little hope that this expedient would be 
wholly valid in the presence of a widely fiuctuating load, 
considering the adverse effect of fillet welds on plates in 
tension already discovered and exhibited in the foregoing. 



Series J and L 

Fig. 44 



Seriea M 
Fig. 48 


Two scries were designed: Series L with welded fillers 
not projecting beyond the riveted splice plates, and 
Series M with the fillers projecting. In both series tbc 
fillers were discontinuous at the splice point. 

A third series, Series J, was identical with Scries L 
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and M except for the absence of any welded reinforce¬ 
ment. 

In both Series L, Fig. 44, and Series M, Fig. 45, the 
gross area of main material was 6.75 sq. in. and the com¬ 
bined net area of main material and welded fill plates 
was 7.50 sq. in.; in Series J the net area was 4.50 sq. in. 
or a loss of 33*78% (all as calculated by standard specifi¬ 
cations) . 

Three specimens in each series were tested on a 0-to- 
tension cycle, and one specimen in each series was given 
a static test. The results are given in Table 30. 


Tabu 30 


Series 

Cycle-Unit Stress in Kips per Sq. In. 
on Gross Section of ‘A-In. Plate 

Number of 
Thousands 
of Cycles 

J 

0 to -1-30.0 

37.6 

J 

0 to -f27.0 

226.6 

J 

0 to -1-27.0 

234.6 

L 

Oto -1-27.0 

230.6 Av.* 

245.6 

L 

0 to +27.0 

336.0 

L 

Oto +27.0 

429.8 


337.1 AV. 


M 

0 to +27.0 

213.2 

M 

0 to +27.0 

244.9t 

M 

0 to +27.0 

286.3 



248.1 AV. 


• Excluding the first test at 0 to -1-30.0. 

t Broke in a bolt hole at testing-machine head, away from the 
joint. All other L and M specimens broke at the outside edge of 
the transverse fillet welds. All J specimens broke in the outer row 
■ of rivet holes in the */i-in. plate. 

Static Tests 

Kips per Sq. In. of Tension on 
Series Gross Section of Vrln-BUte 
J 45.4 

K 61.6 

L 60.9 


It will therefore be seen that; 

1. Such a riveted joint, whether reinforced or not, is 
more efficient on the 0-to-tension cycle than any of the 
many different designs of fillet-welded or plug-welded 
connections tested in this program (Tables 2, 3,20, etc.). 

2. The fillet-welded reinforcement adds only neg¬ 
ligibly to the efficiency on the 0-to-tension cycle, hence 
presumably under any widely fluctuating loads (fatigue 
conditions). 

3. The fillet-welded reinforcement is successful in 
restoring 100% efficiency to a riveted joint under static 
loading. 

This third conclusion, while lying outside the field of 
fatigue strength, and possibly not within the scope of 
this Report, may be developed into something of con¬ 
siderable economic value in the field of statically, and 
near-statically, loaded structures. 



Series B and K 
Fig. 46 


A similar small program was carried out, using plug 
instead of fillet welds to develop the reinforcing fillers. 

The specimens with plug-wdded fillers conformed to 
Series B, Fig. 46; the similar specimens of Series K, 
without fillers, conformed to Fig. 46 as to the main ma¬ 
terial and the arrangement of the six rivets; and there¬ 
fore they were identical with Series J, Table 30. 

TTie results of the tests are given in Table 31. 



Table 31 

Cycle-Unit Stress in Kips per Sq. In. 

Number of 
Thousands 

Series 

oh Gross Section of */«-In. Plate 

of Cycles 

B 

0 to 25,000 

383,900 


0 to 25,000 

597,500 


0 to 25,000 

1,024.500 

K 

0 to 25,000 

315,900 


0 to 22,000 

438,000 


0 to 22,000 

1,015,000 


All reinforced specimens Series B failed in a •/4-in. 
main plate on a section through the center of plugs. 

Although unfortunately the same stress cycles were 
not employed for Series B as for the specimens with 
fillet-wdded reinforcing fillers (Series L and M, Table 30), 
the results indicate that the plugs were neither better nor 
worse than the fillets. The comparison between Series 
K and Series J appears reasonable. In this series, as in 
the prior series, there is an average improvement 
in fatigue capacity due to the reinforcing fillers, but not in 
every case and not to a consequential degree. 

3. Fatigue Strength of Continuous Plates Under 
Ten^e Stress—As Affected by Fillet Wdded 
Attachments. 

It is often convenient (as for the purpose of stiffening) 
to weld or rivet a plate, angle or other attachment to 
main material subject to axial stress; the attaching 
rivets or welds lying in lines at right angles to the line of 
action of the stress in the main material. The weakening 
effect, under repeated loading, of such attachments was 
the subject of the following study.* 



Series Types II and III 
Fig. 47 


Spiecifnens with welded attachment on one side con¬ 
formed to Series Type II, and those with attachments on 
both sides to Series T^e III, Fig. 47. Comparable 
specimens of continuous plate with mill scale on and with 
no attachments were designated as Type I. 

The specimens with riveted attachments conformed 
to Series Type R, Fig. 48. 

All specimens were tested on the same cycle, viz., full 
reversal. The results of the individual tests are given 
in Table 32. 

* Certain of these tests are reported in full detail in Bulletin No. 327, Eng. 
Bxp. Sta.. Univ. of Illinois, pp. 63-79, and the others in Bulletin No. 360, 
pp. 71-79. In both Bulletins, comparable tests on stiffened plates of low- 
aOoy steel also are reported. 
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Series Type R 

Tig. 48 


Table 32—Efiect of Traztsvene Attachments Upon Plates in 
Tension 

Cycle-Unit Stress in Kips per 


Sq. In. of Gross Section 

Thousands of 

Series Type 

of Main Plate 

Cycles 

I. Plain 

-1-28.0 to -28.0 

72.9 


-1-28.0 to -28.0 

46.3 


-1-26.0 to -26.0 

308.5* 


-1-24.0 to -24.0 

195.8* 


+24.0 to -24.0 

100.4 


+24.0 to -24.0 

93.9* 

II. Transverse Welds 

+21.0 to -21.0 

563.9 

One Side 

+20.0 to -20.0 

1186.5 


+20.0 to -20.0 

1478.6 

III. Transverse Welds 

+21.0 to -21.0 

132.3 

Both Sides 

+21.0 to -21.0 

151.7 


+21.0to -21.0 

216.6 


+17.6to -17.5 

434.4 


+ 15.0 to -16.0 

754.2 


+ 14.0 to -14.0 

1687.7 

Do., Plates Gal¬ 

+ 16.0to -16.0 

90.6 

vanized 

+16.0 to -16.0 

189.6 


+16.0 to -16.0 

201.9 


+ 12.0 to -12.0 

726.8 


+ 12.0 to -12.0 

841.8 


+11.0 to -11,0 

1494.8 

R, Transverse Rivets 

+20.0 to -20.0 

26.3 

(Plates Pickled and 

+ 16.0to -16.0 

86.1 

Painted) 

+ 16.0 to -16.0 

90.1 


+ 14.0to -14.0 

379.9 


+ 12.0 to -12.0 

1434.9 


+ 12.0 to -12.0 

1861.9 


* Broke at shoulder of specimen. 


Not all of the plates used in these specimens were 
from the same heat of steel, but all were on the low side 
of usual bridge steel, tensile coupons showing from 
58,100 to 64,100 psi. 

Fatigue strengths were calculated by the approximate 
method explained in Report No. 2, and the average and 
minimum values are recorded in Table 33. However, 
none of the plain plates was tested at a low enough unit 
stress to give a reliable fatigue strength at 2,000,000 
cycles. 


Table 33 

Fatigue Strength of Carbon Steel 
Plates in Kips per Sq. In. of Gross 
Area of Plate 


Scries Full Reversal 

100.000 Cycles 
Av. Min. 

2 .000.000 

Av. 

Cycles 

Min. 

I. 

Plain Plates 

25.8 

23.9 



II. 

Transverse Welds One 

25.4 

21,8 

18.9 

18.5 

III. 

Side 

Transverse Welds Both 

22.9 

22.1 

13.1 

12.3 


Sides 

Do., Galvanized 

R, Transverse Rivets 
(Pickled and Painted) 

17.2 

16.3 

15.7 

15.7 

10.3 

11.7 

10.1 

11.6 


The evidence is incomplete, due, among other thing 
to the loss of three specimens in Series II which broke i 
the shoulders; but it tends to indicate that an attach 
tnent welded on one side causes only a moderate redw 
tion in fatigue strength, if any, while a pair of opposit 
attachments, welded or riveted, causes more. 

4. Fatigue Strength of Fillet Welds Subjected 1 
Combined Shear RoTi<4iTig 

Tests were made on two series of specimens simnktii 
brackets projecting from columns or other support 
subjected to vertical shear and also to moment ia 
vertical plane, both resisted by fillet welds. The levi 
arm of the load was chosen to give a fairly high ratio < 
moment to shear. 


7’-^0"Lever arm 



fig. 49— Moment-Resuting fWet Wald loint 
Welds parallel to plane of moment 


The specimens for Series 43-9, shown in Fig. 49, su 
jected the welds to bending stresses as in a vertical bcai 
They were designed to, and they did, fail in the wtl( 
both in static and in fatigue tests. These welds wt 
made in the vertical position, with Vw-in. E-6010 tl« 
trodes, working from the top down; intended for ^ iri 
fillets they were considerably concave and were tc'j 
after failure to have an average throat thickness of c-3 
about 60% of the theoretical throat of a Vi«-in. weld. 

The calculation of the unit stresses in such a joini 
arbitrary; and it should be recognized that these stress 
cannot he directly compared wi^ any of the unit sties 
that have been tabulated or discussed in this report, i 
to this point. The unit stresses appearing in Table 
will be of use to a designer only in so far as he adopts t 
following pattern in his design calculations: The exUe: 
fiber stresses on the welds, at the top of the joint, j 
computed first as a “resistance per vertical inch 
joint. This vertical resistance is then converted int- 
shear on the weld throat by arbitrarily making the sa: 
assumption as for fillet-welded joints in general, 
the force divided by the throat area is the unit we 
shear, regardless of direction. 

Inasmuch as a small shim was inserted between t 
two plates at the bottom before welding and could □ 
afterward be removed, the compression at the bottcra 
the joint was taken partly in bearing. Appmx;;:ia 
calculations of the bending resistance (section mcKluic 
of the two welds, with and without allowance for th« 
shims, indicate that a reasonable assumption is lu v •' 
pute the weld shearing stress as if the shim were n 
there, and then to reduce it by 5%. 

Neglecting the vertical shear (this might not be p< 
missible in a more general case): 

Applied Moment M = Resisting Moment • 

= where i? = max. resisi.:: 
® per vert, in., at t-'? 
bottom edges of j“-"- 
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Qt Shear 


= ^ where t = the actual 
throat of one weld (ac¬ 
cording to the conven¬ 
tional treatment of fillet 
welds rather than a true 
stress analysis). 



ZM 

Idi =, -K'!" 

plained m 
the fore¬ 
going) 


ZM 


X 


0.60 X 0.707 X Vie X 12» 
95% 

0.00015 M {M in Ib.-in., Unit 
Shear in kips per sq. in.) 


e individual recorded moments of Series 43-9 are 
en in Table 34, with the corresponding stress ranges 
culated on the foregoing basis. 


ximum Moment 

Table 34— Series 43-9 

CalctUated Stress Range 
in Kips per Sq. In. on 

Number of Cycles 
for Failure in 

in Lb.-In. 

Extreme Fiber 

lOOO’s 

212,000 

-1-31.8to -31.8 

3.3 

192.000 

-1-28.8 to -28.8 

42.0 

181,000 

-1-27.1 to -27.1 

229.7 

169,500 

-1-24.4 to -24.4 

168.4 

159,000 

-1-23.9 to -23.9 

300.1 

128,000 

-1-19.2 to -19.2 

434.2 

128,000 

-l-19.2to -19.2 

729.6 

127,200 

-hl9.1 to -19.1 

1219.8 

127,200 

-1-19.1 to -19.1 

1564.0 

106,300 

-fie.O to -16.0 

3104.8 

309,000 

Oto -f-46.3 

68.3 

288,000 

Oto +43.3 

197.6 

288,000 

Oto +43.3 

222.0 

213,000 

Oto+32.0 

646.4 

192,000 

Oto +28.8 

917.1 

192,000 

Oto +28.8 

1305.6 

192,000 

Oto +28.8 

1604.0 

383,400 

+28.7 to +57.4 

141.0 

383,400 

+28.7 to +67.4 

274.4 

319,600 

+23.9 to +47.8 

311.8 

319,500 

+23.9 to +47.8 

847.7 

298,200 

+22.4 to +44.8 

432.0 

277,000 

+20.7 to +41.4 

2926.6 


■or the static tests, as the moment causing failure was 
beyond the yield point, it seems more reasonable to 
d* 

^ M = R ^ from which Unit Shear = 0.0001 M 
4 


Static Tests 

Ultimate Moment Unit Shear 

702.480 70,250 approx. 

085,870 68,600 approx. 


he specimens for Series 43-10, shown in Fig. 50, were 
gned to subject the upper and lower welds to pre- 
tably equal, and pure, shears on the leg of attachment 
he loaded beam, and to alternating tension and com- 
sion on the leg of attachment to the supporting 
Linn. Since the shim at the bottom, inserted before 
ling to provide a clearance between the two parts, 
:hed and could not be removed, the compressive 
:tom) force went to an indeterminate degree through 
ring rather than through the weld. However, this 
not materially change or becloud the lever arm of the 


7’-0" Lever arm 


P 
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No web weld—* 


1 1-12"I31.8lb- 

* 4 » 4 ♦ 
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16 
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•fis. 
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Series 43-10 

Fig. 50—Moment.Resisting Fillet Weld Joint 
Welds tranverse to plane of moment 


upper weld as it did in Series 43-9, nor did it obviate fail¬ 
ure in the lower welds, in several cases. 

The welds were made with Vw-in. E-6010 electrodes, 
the upper weld in horizontal, and the lower weld in over¬ 
head, position. 

The vertical shear on the welds from the applied load 
was neglected in the computations, which would.not be 
permissible in the general case where the lever arm to 
the load might be relatively much less. The external 
moment was considered to ^ resisted by a couple com¬ 
prising two forces acting parallel to the beam axis, and 
12.2 in. apart. One of these forces, divided by the weld 
throat, was recorded as shear on throat. The throat 
dimension as determined by external measurement, and 
as determined by measurement of the fracture, varied 
by as much as 40% and frequently by 20%, and in either 
direction. For present purposes, as throughout this 
report, the external measurement alone is used, as it is 
the one which can be availed of in checking construction 
against design. 

The individual test results of Series 43-10 are i^ven in 
Table 35. 


Table 35—S«riM 43-10 


Maximum 

Calculated Stress Range 

Number of 

Location of 

Moment in 

in Kips per Sq. In. of 

Cycles in 

Weld 

Lb.-In. 

Weld Shear 

Thousands 

Failure 

111,800 

+ 9.Oto - 9.0 

29.6 

Top 

89,800 

+ 8.0 to - 8.0 

225.4 

Bottom 

90,100 

+ 7.Oto - 7.0 

175.0 

Bottom 

82,200 

+ 6.0 to - 6.0 

242.6 

Bottom 

63,700 

+ 6.0 to - 5.0 

251.3 

Bottom 

60,200 

+ 5.Oto - 6.0 

2194.8 

Bottom 

50,800 

+ 5.Oto - 5.0 

2702.0 

Bottom 

69,200 

+ 5.0 to - 5.0 

3339.8 

Did not fail 

276,000 

0 to +20.0 

402.5 

Top 

294,000 

0 to +19.70 

96.3 

Top 

321,000 

0 to +19.67 

582.2 

Top 

337,000 

0 to +19.66 

230.8 

Top 

231,000 

Oto +13.79 

437.4 

Top 

212,000 

0 to +13.0 

43.1 

Top 

157,000 

0 to -13,0 

2542.0 

Bottom 

242,000 

0 to -12.80 

442.6 

Bottom 

207,000 

0 to +11.80 

2139.7 

Top 

412,000 

+ 16.0 to +32.0 

35.1 

Top 

382,000 

+ 16.0 to +32.0 

216.9 

Top 

362,000 

+ 13.0 to +26.0 

137.9 

Top 

330,000 

+ 13.0 to +26.0 

1035.2 

Top 

354,000 

+ 12.0 to +24.0 

858.6 

Top 

330,000 

+ 12.0 to +24.0 

Static 

40,100 

57,700 

1026.6 

Top 


From the test results as recorded in Tables 34 and 35 
there were calculated, in accordance with the methods 
explained in Report No. 2, the probable fatigue strengths 
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Cycle 

Full Reversal 
Zero-to-Max. 
Max.-to-*/j Max. 


Tabu 36—Fatigua Strangth of Fillat Walda Subjactad to Banding 


Series 43-9 Series 43-10 

Vertical Welds in Bending, Fatigue Strength at Horizontal Welds in Shear, Fatigue Strength at 
100,000 Cycles 2,000,000 Cycles 100,000 Cycles 2,000.000 Cycles 

_ A _ _ A_ ^jT_ A _ a_ 


Max. 

Av. 

Min. 

Max. 

Av. 

Min. 

Max. 

Av. 

Min. 

Max. 

Av. 

Min 

33.0 

28.0 

24.0 

18.0 

17.6 

14.0 

8.8 

7.3 

5.6 

5.0-1- 

5.0-1- 

4.0- 

63.0 

46.0 

40.0 

27.5 

25.5 

23.5 

22.6 

18.9 

12.1 

17.8 

14.9 

11 .8- 

65.0 

62.0 

54.0 

44.0 

38.0 

33.0 

34.1 

30.1 

26.7 

24.6 

23.3 

22.4 


at 100,000 and 2,000,000 cycles, respectively. These are 
summarized in Table 36. 

The fatigue strengths for Series 43-9, as recorded in 
Table 36, are beclouded by the arbitrary method of 
deriving them from the recorded moments. It would 
appear reasonable for a designer to use the “dependable” 


values of Table 15 as applicable to connections of T^'pe 
Series 43-9, if he follows the same convention in his de 
sign. 

It would seem advisable not to use connections of 
Type 43-10 under fluctuating stress, but to use butt weld* 
instead. 


Arc Welding of Rail Steel 

{Continued from page 371-s) 


Tabu 2—Butt Walds in */«-ln. Rail Staal Flats 


Wblo 



Averaoe Heat, Joules Per In. 

Pass 1 

Pass 2 




E7 

2 

A 

59,000 

62,000 

61,500 

60,000 


E8 

2 

A 

49,000 

61,500 

66,500 

47,000 


E9 

2 

A 

52,000 

73,000 

70,500 

66,500 


Ell 


A 

38.500 

52,500 

59,500 

52,500 


S18 

2 

A 

36,200 

31,000 

33,400 

40,500 

38,500 

S19 

2 

A 

37,200 

31,300 

32.200 

29,700 

34,700 

A1 


B 

50.000 

55,500 

58,000 



A8 

3 

B 

55,500 

50,000 

60,500 



D4 


B 

51,000 

58,500 

55.000 



D9 

3 

B 

57,000 

56,500 

62,000 



S5 

1 

B 

54,500 

58,500 

57,000 



S15 

3 

B 

57,500 

55,000 

57.500 




relief. The results herein reported seem to warrant mod- 
iflcation of this general belief. Rail steel, and similar 
high-carbon steels of the section weights discussed in this 
paper, can be welded with high heat input rates and with a 
good degree of success without the precaution of preheat 
and stress relief. The static and dynamic stren^h and 
the ductility of such weldments are quite satisfactory for 
many applications. 


Tabu 3 -Static Teats on Walds 


Weld 

Base Metal 
Tensile 
Strength 

Weld 

Tensile 

Strength 

Elongation 
IN 2 In. 

Ell 



3.5% 

A1 

iQ 1^1 



D4 


^BE DB I^B 

6.5 

E7 



3.5 

E9 

148,000 

109,000 

3.0 

S18 

125,800 

111,500 

7.5 

S19 

125,800 

97,250 

6.0 

A8 

135,000 

116,000 

4.0 

D9 

124,000 

115,000 

5.0 


Tabu 4—Droaniic Tests on 
Welds 


Weld 

Tension Impact 
Value 

Base Steel 

Weld 

S5-1 

152ft-lb. 

58 ft-lb. 

S5-2 

152 

44 

E8-1 

153 

62 

E8-2 

153 

37 

S15-1 

152 

85 

SI5-2 

152 

10 
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A Welded Swing Bridge Made of 

Low-Alloy Steel 

By M. Baudelaire 


Description of the Bridge 

T he bridge was built in 1939. It spans one of the 
locks of the transatlantics, at LeHavre, France. 
Its total length is 236 ft.; one of the arms is 153 
ft. long, the other 83 ft. long. The bridge comprises a 
highway road 21.2’ft. wide with a central railway track, 
and two sidewalks 5.0 ft. wide. The two main girders are 
trusses of the Warren type placed 22.8 ft. apart (Fig. 1). 
The lower chords are s^ened by a floor system com¬ 
prising floor beams, stringers and a cast steel plate 
welded to the floor beams and stringers. The upper 
chords are stiffened by sway bracings only in the two 
central panels, atop the pier-pivot. 

Description of the Members 



Fig. 1—General View of Swing Bridge 


The Upper and lower girders and most of the diagonals 


* Abstracted from e paper published io Des Annates Les Fonts et Cbauss^es 
May-June 1944, page 246. and July-August 1944. page 325, by Dr. D. 
Rosenthal, Massachusetts Institute of Technology. 


are box girders made of channels and flats by means of 
welding. The vertical web members are rolled large 
flanged I-beams about 20 in. high. The floor beams are 
welded plate girders of various heights; the largest of 



§ Section AB | Section CD • 



iiiJimiiLiMiii ShoD weld. 
Field weld 


Pier-Pivot 
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them is located over the pier-pivot. It consists, Fig. 2, 
of two flanges 1.66 in. thick and two webs 1.40 in. thick. 
The beam flange is stiffened by welded transverse plates. 
The stringers are rolled beams welded to the floor ^ams. 

The Nature of Joints 


few laminations were disclosed in the members when in¬ 
spected for welding subsequently. The base metal was 
not tested for weldability in the sense recommended by 
the A.W.S. Guide for Weldability. That such a test 
would seem to have been advisable was plainly evidenced 
by the presence of hard spots near the fusion zone. 


Figure 3 exemplifies the type of welded joints adopted. 
The large gussets are reminiscent of the riveted structure 
for which the plans called originally. This results in an 
unusually large accumulation of welds which, according 
to the author, could have been avoided if the originsd 
design were a welded one. The type of joint between 
the vertical members and floor meml^rs with an opening 
left for members of the Ipwer girder is shown in Fig. 4. 

The Base Metal 

The base metal is a low-alloy high-tensile steel with 
the following average characteristics: 

T.S. * 78,000 psi. 

Elongation ** 15% 

C = 0.20% 

Mn = 0.70% 

Cr = 0.4% 

Cu = 0.4% 

The rolling of heavy beams in this kind of steel offered 
many difficulties, and as a result superficial cracks and a 


Weld Metal 

Only the mechanical characteristics of the deposit are 
indicated. They are: 

T.S. = 80,000-87,500 psi. 

Y.P. = 62,000-69,000 psi. 

Elongation = 18-21% 

Charpy impact value = 11-14 kgm./cm.* 

The conditions under which these characteristics had 
been obtained were not stated, but from tests described 
in a later section it may be iriferred that the deposit wa> 
made in an angle bar in several layers without intemip- 
tion. 



Tig. 6—Filling the Gap Between Butt-Welded Flanget 
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^ Floor bean 


the bridge rose about Vie in. above the level of the 
lower girders, which was of no great consequence. 

More troublesome were the gaps product by shrink¬ 
age between stringers and floor beams, and they had to 
be filled before joining these elements. This was done 
by using a copper back strip in the case of butt welds, 
Fig. 6, and by inserting shims in the case of tee joints, 
Fig. 7. 

Inspection of Welds 

Because uo X-ray equipment was available for a non¬ 
destructive inspection of welds, a portable miller was 
used to bore holes in the welds and to inspect the bottom 
of vee joints. The procedure is sketched in Fig. 8. Al¬ 
though carried at random, this inspection did reveal lack 
of fusion and faulty preparation of joints. The defective 
welds were repaired and reinspected. Some of the de¬ 
fects still remained after the repairs had been made. 

Conclusions 

In variance with the unfavorable reports on welded 
bridges published in Germany and Switzerland, the 
present swing bridge withstood a 4-yr. service without 
any trouble. In the author’s opinion this was due pri¬ 
marily to the high quality of the steel employed. It did 
not imply, however, that in the future some of the un- 
Fig. 7—Filling the Gap in a Tee Joint desirable features should not be eliminated, notably the 

use of gussets. Also a better joint preparation appears 
desirable to avoid lack of fusion. 

Welding Procedures 

(а) Shop Welding 

Most of the welded members 
were shop welded, notably the 
floor beams and vertical web mem¬ 
bers with gussets. To overcome 
distortion peening of each layer 
was resorted to, and some of the 
distorted elements, for example, 
gussets, were straightened after 
local heating at 440® F. The influ¬ 
ence of these treatments on the 
weld metal was investigated by 
means of a series of welds deposited 
in an angle bar, and was found to 
produce only slight variations in 
the mechanical characteristics. 

(б) Field Welding 

The field welding was made 
panel by panel with the sequence 
of welding indicated in Fig. 5. 

The panels marked by Roman fig¬ 
ures were made first. No special 
precautions were taken to compen¬ 
sate for shrinkage and distortion. 

As a result, the middle portion of 



Underside 

rerelded 



Fig. 8—IcBpection of Welda by Drilling a Hole 
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An Investigation of the Spot Welding 
of Aluminum Alloys Using Condenser- 

Discharge Equipment* 

Original Report Submitted to the N.A.CA. Dec. 1941. See note by the Author at End of the Report 
By W. F. Hess,^ R. A. Wyant^ and B. L. Averbach^ 


Introduction 

T he present research program provided for a com¬ 
parative study of three different types of welding 
equipment which are offered for the spot welding 
of aluminum alloys for aircraft structures. The three 
types were: the conventional a.c. equipment, the con¬ 
denser-discharge equipment and the electromagnetic 
energy storage equipment. The object of the comparison 
was to determine how the fundamental principles of oper¬ 
ation and construction of each welder affect its perform¬ 
ance in the following respects: 

1. Weld uniformity or consistency. 

2. Frequency of electrode tip dressing. 

3. Electrode shape and pressure for best results. 

4. Surface treatment for best results. 

5. Weld strength and quality. 

6. Critical nature of machine settings. 

7. Duplication of results from day to day. 

8. Electrical demand from the power system. 

9. Interruptions in operation. 

10. Maintenance time. 

The purpose of this report is to describe the experi¬ 
ence and results obtained with the condenser-discharge 
equipment* provided by the Taylor-Winfield Corpora¬ 
tion. Two models of this type of welder were investi¬ 
gated. The welding was limited to Alclad 24S-T in 
thicknesses of 0.020, 0.040 and 0.064 in. To familiarize 
the research staff with the operation of the equipment a 
welding program of an exploratory nature was first under¬ 
taken, using electrode tips of several sizes and shapes, at 
different machine settings. Due to inexperience in 
selecting machine settings, inadequate information on 
surface treatment, faulty behavior of welder and lack of 
a quick method of examining weld sections, the results 
of the exploratory work were not of very great value. 

The most important result of this work, however, was 
the realization of the importance of surface conditions in 
welding 0.020-in. material with flat electrodes. As a 
result the use of hydrofluoric acid was discontinued and 
wire brushing was adopted as the most reliable method of 
surface treatment for laboratory purposes. Throughout 
all the welding with the first machine considerable dif¬ 
ficulty was experienced in obtaining round, even elec¬ 
trode impressions and avoiding irregidar distortion of the 
sheets around the weld zone. Due to our inexperience 

* Thu if the fifth of a series of reports prepared by the R.P.I. Welding Lab- 
oratopr research staff on spot-welding problems, equipment and technique. 
This investigation is under the joint auspices of the N.A.C.A.. the Army Air 
Corps and the Navy Bureau of Aeronautics in cooperation with the Resistance 
Welding Committee of the Welding Research Committee. Other reports will 
be issued from time to time as the work progre.<u)es in order to relay the infor¬ 
mation to the aircraft industry as rapidly as possible. 

t Welding I^abwatory, Rensselaer Polytechnic Institute, Troy. V. Y. 


with this type of equipment we were slow to recognize 
that this particular welder was somewhat irregular in its 
behavior. The tolerances in its upper electrode assembly 
were such as to permit a small forward movement of the 
upper electrode with respect to the lower electrode every 
time a weld was made, which was the cause of the above 
trouble. In the design of the second welder this condi¬ 
tion was avoided by provision for more rigidity in the up¬ 
per electrode assembly. As a result no difficulty of this 
sort was experienced with the second machine. 

For several welding conditions, weld characteristics 
were obtained to show how streng^, diameter and pene¬ 
tration vary with peak current. A number of studies 
were also made to determine the number of welds that 
could be made before it became necessary to clean the 
tips. Since there were several innovations in the elec¬ 
trode pressure systems of these welders, an oscillographic 
study was made of electrode pressure under actual weld¬ 
ing conditions. At the start of the investigation the rou¬ 
tine method of examining weld sections required that the 
specimens be mounted in lucite and elaborately polished 
in preparation for microscopic examination. This proc 
ess of mounting and polishing introduced a long delay 
between the time of welding and the time data were ob 
tained from the weld section. An important result of this 
investigation was the adoption of a “quick section' 
technique whereby this delay could be avoided and use¬ 
ful information could be obtained from the weld sectior 
immediately after welding. 

Equipment 

Two models of the Taylor-Winfield Hi-Wave welder 
were investigated. ModeJ No. 1 was of the HW-34-3C 
tyrpe* and Model No. 2 was of the HWR-34-3CC1 type. 
The same control cabinet, HW-4024, was used with both 
welders. The essential difference between the two weW 
ers was in the design of the electrode-pressure systems 
In both models provision was made for making the weld 
while the main operating piston in the air cylinder was ir. 
motion, in order to minimize effects due to starting fric 
tion and inertia. This was accomplished in the first 
model by means of a small auxiliary cylinder and piston 
(air lock) which was installed between the upper elec 
trode arm and the guiding column as shown in Fig. 1 (.4' 

A switch mechanism was attached to this assembly iK' 
that the flow of welding current could be initiated at a 
definite point in the travel of the air-lock piston. The 
pressure system in the second model operated in similar 
fashion except that the auxiliary cylinder and piston wa? , 
replaced by a rubber bellows which was installed be 
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tween the guiding coliunn and the operating piston in 
the main air cylinder as shown in Fig. 1 (B). Figures 1 
{A) and 1 (B) also show that in the first model the guid¬ 
ing column operated through lubricated ways, while in 
the second model it operated between heavy steel rollers. 
Another important difference between the two machines 
was that in the second model the lower electrode arm 
was more firmly supported than in the first model. 

Electrode tips of the female threaded type, IV 4 in. in 
diameter, were used throughout the investigation. The 
electrode material was a copper alloy containing 1% of 
cadmium and having the following properties: electrical 
conductivity, 85%; Rockwell B hardness, 50-75; yield 
strength at 0.2% elongation, 68,000 psi.; and annealing 
temperature, 350° C. 

In the course of the investigation shunts were used in 
both the primary and secondary circuits for measuring 
the welding current. Electric strain gage equipment* 
was used for making studies of the electrode pressure 
under dynamic conditions. An electromagnetic oscillo¬ 
graph was used to obtain permanent records of ctirrent 
and pressure. 

While the hydrofluoric acid method of surface treat¬ 
ment was used early in the investigation, wire brushing 
was later adopted. The wire-brushing equipment con¬ 
sisted of a motor-driven wire brush having the following 
characteristics: S-in. diameter, face, steel wire 

bristles 0.0Q3 in. in diameter and an operating speed of 
2700 r.p.m. 


Procedure and Results 
Exploratory Welding 

With the No. 1 welder exploratory welds were first 
made in 0.020, 0.040 and 0.064-in. Alclad 24S-T which 
had been treated in hydrofluoric acid. Electrode tips of 
various sizes and shapes were investigated at a niunt^ of 
pressures as shown in Table 1. Several combinations of 
condenser capacity, charging voltage and transformer 
tums-ratio were also investigated for each thickness of 
material. 


Throughout the exploratory work on tfie 0.020-in. 
material there were irregularities which have since been 
proved to be due to high contact resistance resulting from 
improper surface treatment. Under these conditions 
the welds obtained with flat electrodes were unsatisfac¬ 
tory in all respects. The 2'/* and 4-in. radius dome¬ 
shaped electrodes produced better welds than either the 
flat or the 1-in. radius electrodes. There was little dif¬ 
ference between the welds made with the 2Vt and 4-in. 
radius electrodes. In the 0.040-in. material poor welds 
were obtained with flat electrodes. It is beUeved that 
this was due to low electrode pressure. Again the 2Vs 
and 4-in. radius dome-shaped electrodes produced better 
welds than either the flat or the 1-in. radius electrodes. 
The sheet penetration tended to decrease as the radius 
of tip curvature increased. In the 0.064-in. material 
good welds were produced with flat electrodes at an 
electrode pressure of 1500 lb. • Good welds were also pro¬ 
duced with the 2*/* and 4-in. radius dome-shaped elec¬ 
trodes at pressures above 1500 lb. Porosity was a little 
more in evidence in this material than in the thinner 
gages. Transformer tums-ratio of 300 and 600 were in¬ 
vestigated for each thickness of material. 


Tabu 1 


Gage. 


Transformer 

Electrode Pres- 

In. 

Tip Size and Shape 

Tums-Ratio 

sures, Lb. 

0.Q20 

Vw-in. diam. x 10®, flat 
1 -in. radiu^, dome 
2Vt-in. radius, dome 
4-in. radiiis, dome 

300 and 600 

675 

400 and 600 
600 and 750 
500 and 750 

0.040 

Vwn. diam. x 10®, flat 
I'in. radius, dome 
2Vrin. radius, dome 
4-in. radius, dome 

300 and 600 

650 and 000 
650 and 900 
650 and 900 
650 and 900 

0.064 

*/ii-in. diam. x 10®, flat 

1 -in. radius, dome 
2Vi-m. radius, dome 

4-in. radius, dome 

300 and 600 

750, 1000 and 
1600 

1000 

IjOOO, 1500, 1750. 

2000 and 2250 
1000. 1500, 1750, 




2000 and 2250 


The effects of increasing the turns-ratio were to increase 
the time during which the welding current was flowing 
and to reduce the peak value of current. In going from a 
low to a high tums-ratio without affecting the size of the 
weld it was necessary to increase the condenser voltage 
to compensate for the greater loss of heat from the weld 
zone. In the exploratory work no conclusions could be 
drawn regarding the relative merits of the two tums- 
ratio investigated. 

Surface Treatment 

As mentioned above it was impossible to obtain good 
welds in 0.020-in. material using flat electrodes. This 
was due to the lack of adequate information on the use 
of hydrofluoric acid for surface treatment. All attempts 
to use flat tips resulted in excessive expulsion of metal, 
excessive distortion in the sheets around the weld and 
very irregular fusion. At this point in the research, 
wire brushing equipment was secured and it was found 
that very satisfactory welds could be produced in wire- 
brushed stock using the flat tips. Subsequently wire 
brushing was tried on the other gages and found to be 
equally satisfactory. Following this experience it was de¬ 
cided to adopt wire brushing as the standard method of 
surface treatment in the laboratory. This decision was 
substantiated later by the results obtained during a more 
intensive study of surface treatment.* As a residt of the 
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above study it is now believed that with the correct 
hydrofluoric acid treatment good welds may be pro¬ 
duced in 0.020-in. stock using flat tips. 

Electrode Impressions 

Throughout all of the early work it was found to be 
very difficult to obtain round and even electrode impres¬ 
sions on the surface of the welds. This was especially 
true when flat tips were used. The indentation tended to 
be very severe at the edge of the weld toward the throat 
of the machine and negligible at the opposite edge. Also 
the separation between the sheets was pronounced on the 
side of the greater indentation. The weld sections 
showed that the fused zone was off-center with respect to 
the impression. All this indicated that there was a con¬ 
siderable difference in pressure between the front and 
rear edges of the tips. This condition was primarily due 
to the fact that the construction of the upper electrode 
system permitted the upper electrode to move forward 
with respect to the lower electrode every time a weld was 
made. This movement was not only measured by means 
of a dial gage but it was sufficient to be readily visible 
to the eye. At first it was thought that this movement 
was aggravated by the downward deflection of the lower 
electrode arm. However, subsequent measurements 
with the dial gage showed that the relative motion be¬ 
tween the two electrodes was only slightly reduced when 
a jack was used beneath the lower electrode arm to pre¬ 
vent its deflection. The relative movement between the 
electrodes varied fi'om time to time. The greatest rela¬ 
tive movement measured was 0.02 in. and the least was 
0.002 in. Under the latter conditions there was no dif¬ 
ficulty in obtaining round even electrode impressions 
with no indication of uneven pressure distribution and 
with no special care in dressing the flat tips in the ma¬ 
chine. Throughout this work the flat tips were ma¬ 
chined a little under-size before they were installed in the 
machine. In the machine they were dressed to size by 
being brought together under very-light pressure on a 
fine flat file which was then rotated a few times. While 
it is believed that the above conditions were only true of 
this particular machine, this experience shows the im¬ 
portance of rigidity in the electrode system if a welder is 
to perform satisfactorily. In the second model of this 
type of welder there was never any difficulty of this sort. 


Weld Characteristics 

Data on the weld strength were obtained from siirgle- 
spot lap-weld specimens which were prepared and tested 
in accordance with the recommendations of the Weld¬ 
ing Research Committee of the American Welding 
Society.* The characteristics of welds nlade in 0.0^ 
in. material using flat tips, are shown in Fig. 2 (A). It 
will be noted that no diameter is {)lotted at 35.1 kilo- 
amp., yet the weld strength is shown to be 275 lb. at 
this value of current. This is because the weld diameter 
is ordinarily taken as the distance between the extremi¬ 
ties of the unabsorbed cladding at the ends of the weld 
section as shown in Fig. 2 (B). While in the above in¬ 
stance there was some fusion in the base metal, the clad¬ 
ding at the interface either did not fuse or was not ab- 
sor^d by the molten alloy beneath. As a result there 
were no extremities of cladding by which the weld diam¬ 
eter could be measured. The weld strength was due to 
the sticking of the cladding across the weld zone. It is 
significant that the welds failed suddenly by shearing 
across the interface. At all higher values of current the 
weld diameters were measurable and the welds failed 
more slowly by tearing. In Fig. 2 (^4) the condenser 
voltage is shown as well as the peak current in order to 
show how variations in the condenser voltage affect the 
weld characteristics. 

Similar' characteristics for the 0.040 and 0.064-in. 
gages are shown in Figs. 3 and 4. Each value of strength 
plotted represents the average obtained from at least 
three welds. At each value of current investigated one 
weld was sectioned and examined microscopically. All 
of the welds so examined were metallurgically sound 
with the exception of the welds made at the two highest 
values of current in the 0.040-in. material as shown in 
Fig. 3. It should be understood that the conditions 
under which the characteristics were obtained are not 
necessarily the optimum welding conditions. Due to the 
limited time available it was necessary to arbitrarily 
choose conditions which would give reasonably satis¬ 
factory results regardless of whether or not the condi¬ 
tions were the best in all respects. It is believed likely 
that for each thickness of material there are several dif¬ 
ferent conditions which will produce equally satisfactory' 
welds. 

The characteristics of welds made in 0.040-in. material 


0040* ALCLAD 24S-T WIftC MtUSHEO 
CONDENSER-DISCHAflCE WCLOCN 
1/4* K to* FLAT ELECTRODES 
ELECTRODE PRESSURE • 1000 LM 
Time to CURRENT PEAK >0012 SEC 
TOTAL EFFECTIVE TIME • 0X)30 SEC 
CAP ■ 790 MFD TURNS RATIO • 300 
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DEFINITION OF DIMENSIONS 
SPOT-WELDS IN ALCLAO 24S-T 


Fig. 2—Charactoristics ol Welds Made in 0.020-In. Alclad 24S-T Using */icIn. 

Diam. Flat Electrodes 
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Fig. 3—Characteristics oi Welds Made in 
0.040-ln. Alclad 24S-T Using 'A-In. Diam. 
Flat Electrodes 
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0i)«4* AiClM I4»« WMK tHUtMn | 
COMDCNSCR-MtCHMCe MLOCR 
FLAT ILCCmoeC* 

C(.ecTiio»e FRCiiuw • isoo lm 

TINC TD CUMWNT KAN • OMT MC 
TOTAL CPFCCTIVC TIMC • OiMO KC 
CAR • IT40 HPO TURNS RATIO • 800 


OjOAI^ ALCLAO t4S*T WIRC BRUSHCD I 
COHOfNSeR'DISCHAROe WELDER 
A* RADIUS DOME ELECTRODES 
ELECTRODE RRCSSURE • 1000 LOS 
Time to CURRENT REAK < OAII SEC 
TOTAL EPFECTIVE TIME • OOtS SEC 
CAR *700 MFD TURNS RATIO • 800 


0.040* ALCLAO 848-T WIRE BRUSHEO I 
CONDENSCR-DISCHAROE WELDER 
S* RADIUS DOME ELECTRODES 
ELECTRODE PRESSURE•ISOO LBS 
TIME TO CURRENT KAN • OOtt SEC 
TOTAL EFFECTIVE TIME **0.080 SEC 
CAP • 7B0 MFD TURNS RATIO • 300 
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Fig. 4—Charactorictict of Welds Made 
in 0.064*In. Alclad 24S-T Using Virin. 
Diam. Flat Electrodes 


Rg. S—Characteristics ol Welds Made 
in 0.040-In. Alclad 24S-T Using 4-In. 
Radius Dome Electrodes 


Fig. 6—Characteristics of Welds Made 
in 0.040-In. Alclad 24S-T Using>In. 
Radios Dome Electrodes 


using 4-in. radius dome tips are shown in Fig. 5. It will 
be noted that under these conditions it was not possible to 
make a weld big enough to fail by tearing. Since it was 
desired to make a slightly larger and stronger weld, 
characteristics were obtained using 6-in. radius dome tips 
as shown in Fig. 6. While the welds were bigger and 
stronger under these conditions, it is possible that similar 
results could have been achieved by raising the pressure 
on the 4-in. tips. Variations in condenser voltage have 
somewhat less effect in welding with dome-shap^ elec¬ 
trodes than in welding with flat electrodes. For ex¬ 
ample, the flat region of the strength-current characteris¬ 
tic for 6-in. radius dome-shaped electrodes (Fig. 6) ex¬ 
tends over a range of 250 volts. The corresponding range 
for diameter is only 150 volts. AJso it will be 

noted that the slope of the strength-current characteris¬ 
tic for 4-in. radius electrodes (Fig. 5) is gradual and uni¬ 
form over a range of about 400 volts. • 

Tip-Life Studies 

The procedure followed in making the tip-life studies 
consisted of preparing the stock by wire brushing and 
then welding at a uniform rate until it became very evi¬ 
dent that one or both of the tips had been in use too long. 
For comparative purposes the life of a tip was defined as 
the number of welds that had been made before the tip 
should have been cleaned. Cleaning was defined as the 
process by which any accumulation on the tips is re¬ 
moved by application of an abrasive paper or cloth in 
such a way as not to alter the shape or size of the tip. 
This definition includes the use of a fine flat file between 
flat tips, provided that a very light pressure is used in 
order to avoid any appreciable change in tip diameter. 
Machining was defined as the process by which a cutting 
tool is applied to the tip either in or out of the welding 
machine in order to remove accumulated pick-up, or to 
alter its shape or size. In the present studies the decision 
as to when a tip should have been cleaned was based 
upon the following factors: 

1. Appearance of weld surface. 

2. Appearance of tip surface. 

3. Occurrence of expulsion or cracking. 

4. Sticking of electrode to work. 

It is obvious that tip-life can only be approximately de¬ 
termined. There is seldom a sharp line of demarcation 


and much depends upon the judgment of the observers. 
Then there is danger of under-estimating the life of a tip 
because, sometimes, a tip may start to go bad, improve 
with continued welding and finally last for many more 
welds before cleaning becomes necessary. It is believed 
that aluminum may be ’picked up by electrode tips in one 
or more of the following ways: 

1. Mechanical action similar to the loading of a file 

with a soft metal. This type of pick-up is 
greatly aggravated by any scuffing action of the 
tips on the aluminum surface. 

2. Alloying of the aluminum with the copper. This 

may result from diffusion across the boundaiy, 
minute fusion along the boundary, or from me¬ 
chanical pick-up with subsequent diffusion. 
This action is dependent upon the factors of 
pressure, temperature and time at the boundary. 

3. Transfer of metal by arcing when current in the 

secondary circuit is interrupted by separating 
the tips from the work. 

The tip-life studies made on t^he first welder are sum¬ 
marized in Table 2. It will be noted that in many of 
these studies the lower tip was still clean when the upper 
tip failed. This was due to the fact that the upper tip 
sladded a little on the aluminum surface every time a 
weld was made, thus promoting pick-up by mechanical 
action. In most of these cases the life of the upper tip 
was quite limited. Much better results were obtained in 
studies G, H, L and M. It is now believed that if meas¬ 
urement of the relative mdvement of the electrodes had 
been made simultaneously with the tip-life studies, the 
movement would have been found to be negligible in the 
latter studies and more pronounced in the others. Such 
measurements were made in study M and this was found 
to be true. In many of the cases of limited tip-life the 
skidding of the upper tip was observable by eye. 

The results of iJiis investigation clearly show the er¬ 
ratic nature of tip pick-up. Longer tip-life has frequently 
been reported. In nearly all instances good tip-life has 
been attributed to factors which tend to minimize the 
heating at the electrode contact surface. Such factors 
have included the use of the lowest possible current to 
meet minimum strength requirement, electrode tips of 
high conductivity, high electrode pressures, refrigeration 
of electrode cooling water, and cleaning of the external 
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surfaces only, in order to concentrate the heat at the 
contact between the untreated faying surfaces. In addi¬ 
tion good tip-life has also been attributed to the use of a 
very slight amount of lubrication at the electrode-to- 
sheet contact, the practice of permitting a thin oxide 
film to form after the surfaces have been cleaned, and the 
formation on the electrodes of films immune to pick-up. 
It is believed that nearly all of these factors are important 
and deserve careful investigation. 

Electrodes pick up aluminum very rapidly when arcing 
takes place as the electrodes are separated from the work. 
While this trouble did not occur during any of the above 
tip-life studies, it was encountered in the course of the 
investigation. The upper electrode was being lifted from 
the work so quickly that the secondary shorting bar did 
not operate in time to be effective. The trouble was cor¬ 
rected by reducing the pressure of the air employed to 
lift the upper electrode from the work. By doing this 
the secondary shorting bar had time to operate tefore 
the secondary circuit was opened at the electrodes. Im¬ 
proved methods of preventing arcing are incorporated 
in the more recent models of this type of equipment. 

Electrode Pressure Studies 

Since there were several innovations in the electrode 
* pressure system of these welders, a study of electrode 
pressure under dynamic conditions was an essential part 
of the investigation. This study was made possible by 
electric strain gage equipment which has been previously 
described.* An oscillographic record of a complete pres¬ 
sure cycle in the No. 2 welder is shown in Fig. 7. This 
record shows (at its left end) the impact pressure when the 
electrodes initially contact the work and the immediate 
reduction in pressure due to the recoil of the lower elec¬ 
trode. Following the recoil there is another impact as 



Fig. 7—Oacillographic Record of Electrode Pressure and 
Secondary Current 


the electrodes make final contact with the work. At thi«i 
point in the operation of the machine (see Fig. 1 (5)) 
air pressure is building up in the main cylinder and the 
bellows. The piston is moving downward and the bellows 
is collapsing. During this period the record shows that 
the electrode pressure is continuously increasing. When 
the bellows reaches it maximum stage of collapse and the 
piston ceases to move further the electrode pressure be¬ 
comes constant. At the end of the pressure cycle the 
electrode pressure decreases in several steps as the elec¬ 
trodes are separated from the work. In obtaining the 
above pressure record the bellows switch was adjusted 
so as to initiate the flow of welding current toward the 
end of the bellows collapse. The record shows that the 




Tabla 2— Summary of Tip-Lifa Studios 





Electrode Tips 

Electrode 

Number of Welds Before Tips 
Should Have Been Cleaned 

Study No. 

Gage, In. 

Upper 

Lower 

Pressure, Lb. 

Upi>er 

Lower 

A 

0.040 

V«in. X 10® 
flat 

V«in. X 10 ° * 

flat 

1000 

25 

25 

B 

0.040 

in. X 10® 
flat 

74 in.X 10® 
flat 

1000 

40 

40 

I 

0.040 • 

V 4 in. X 10 ® 
flat 

'A in. X 10° 
flat 

1000 

45 

45 

M 

0.040 

V« in. X 10° 

flat 

V 4 in. X 10 ° 
flat 

1000 

Clean 

100 

D 

0.040 

2 Vrin radius 
dome 

iVe-in. diam. 
flat 

1000 

10 

Clean 

E 

0.040 

2Vj-in. radius 
dome 

4-ia. radius 
dome 

1000 

20 

Clean 

F 

0.040 

4-in. radius 
dome 

2Vrin. radius 
dome 

1000 

25. 

Clean 

G 

0.040 

. 4-in. radius 

dome 

2 Vrin radius 
dome 

1000 

235 

151 

H 

0.040 

4-m. radius 
dome 

4-in. radius 
dome 

1000 

230 

260 

K 

0.040 

4-in. radius 
dome 

4-in. radius 
dome 

1000 

90 

Clean 

L 

0.040 

6 -in. radius 
dome 

6 -in. radius 
dome 

1000 

Clean 

145 

C 

0.064 

Vie in. X 10® 
flat 

Vie in. X 10° 

flat 

1500 

30 

Clean 

J 

0.064 

Vie in. X 10® 
flat 

Vie in. X 10° 
flat 

1500 

20 

Clean 


Welding Conditions for the Above Data: 

Stock degreased and wire brushed prior to welding. 
Electrode cooling water—120/gal./hr. at 59® F. 
Distance from tip face to cooling water ~ 1 in. 
Electrical conductivity of tip material =■ 85%. 
Average welding rate » 9.5 welds per min. 
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Fig. 8—Oscillographic Record of Electrode Pressure and 
Secondary Current. (A—No Expulsion. B—Expulsion) 

weld was made at a pressure which was only a little be¬ 
low the maximum pressure reached during the cycle 
By adjusting the bellows switch to close earlier during 
the collapse of the bellows the weld would simply have 
been made earlier in the pressure cycle and at a lower 
pressure. A GO-cycle timing wave is also shown in the 
above oscillogram for evaluating the cycle in terms of 
time. In obtaining this oscillogram the pressure-dwell- 
time control was set at 20 cycles. Actually the pres- 
sure-dwell-time was about 32 cycles. It will be noted 
that a marked reduction in electrode pressure occurred 
simultaneously with the passage of welding current. 
This was due to the electromagnetic thrust between the 
secondary arms of the welding machine. The very sharp 
peak in the pressure record at the start of the current 
flow was due to an electromagnetic disturbance in the 
electric strain gage circuit. 

Similar pressure records were obtained from the No. 1 
welder which employed an air lock in the form of an 
auxiliary cylinder and piston in place of the rubber bel¬ 
lows as shown in Fig. 1 (./4). In this machine there were 
two constant pressure levels in the pressure characteris¬ 
tic. The first constant pressure level occurred after the 
air pressure had reached its maximum value in the air 
lock and while both pistons were still in motion in their 
respective cylinders. The magnitude of this pressure was 
determined by the force of the air on the air lock piston. 
It was during this period of the pressure cycle that the 
weld was made, ^^en the air lock piston reached the 
limit of its travel the pressture increased suddenly to the 
second constant pressure level. The magnitude of this 
pressure was determined by the force of the air on the 
main operating piston. The difference between the two 
constant pressure levels was due to the difference in area 
between the two pistons which were subjected to the 
same air pressure. While the sudden increase in pressure 
was quite noticeable in the oscillogram it was not suf¬ 
ficient to be very effective for forging purposes. This 
t)q>e of design, however, does represent one method by 
which forging pressure may be obtained. 

Additional pressure records obtained from the No. 2 
welder are shown in Figs. 8 (A) and 8 (.B). In taking 


these oscillograms higher camera speeds were used in . 
order to show more dearly the det^s of any pressure 
variations occurring during the making of the weld. 
Figure 8 (.4) is a record of a weld in Aldad 24S-T ma¬ 
terial from which no metal was expelled. A transient 
just before the beginning of current flow is due to elec¬ 
tromagnetic radiation from the control circuit, and must 
be disregarded. The pressure reduction during current 
flow is due to electromagnetic thrust between the elec¬ 
trode arms of the wdder. Figure 8 (B) is similar to 8 {A) 
except that the current was suflfidently high to produce 
explosion of metal from the weld. Figure 9 shows pres¬ 
sure records plotted from the oscillograms of Fig. 8. The 
record at the top of Fig. 9 shows ^e magnitude of the 
drop in pressure caused by the repulsion of the current. 
The record at the bottom is for the case of expulsion of 
metal. It will be noted that the drop in pressure due to 
expulsion was much more severe. The pressure varia¬ 
tions immediately following the expulsion show the pres¬ 
ence of mechanical vibrations resiilting from the follow¬ 
up of the electrode system. 

In the No. 2 welder the electrode pressure at the time 
of welding was determined by the air pressure within the 
bellows and the degree of collapse of the bellows. The 
welding pressure was controlled by adjusting these vari¬ 
ables in accordance with a bellows calibration which was 
furnished with the welder. A modified form of this cali¬ 
bration is shown in Fig. 10. This calibration was checked 
under dynamic conditions by means of the electric strain 
gage equipment and some results are shown in Fig. 11. 
In obtaining these data the bellows switch was adjusted 
to operate at a very early point in the collapse of the 
bellows. It will be noted that the dynamic calibration 


WELD PRESSURE RECORD 

CONDENSER DISCHARGE MACHINE 



TIME * SECONDS 
Rg. 9 


SPOT WELDING ALUMINUM ALLOYS 


Digitized by 


Google 







Fig. 10—Calibration of Rubber Bellowi 
in Hi'Wave Welder 


Fig. 11—Preeanre Calibration of Hi* 
Wave Welder 


Fig. 12—Presenre CalibratioB ci Hi- 
Wave Welder 


curve practically coincides with the original bellows cali¬ 
bration. Due to the initiating of the weld early in the 
collapse of the bellows, the electrode presstire continued 
to increase after the weld was made. The maximum 
pressure reached is shown by the upper curve in Fig. 11. 
Since this increase in pressure takes place gradually, it is 
probably not effective for forging purposes. Figure 12 
shows similar data obtained when the bellows switch 
was adjusted to operate very late in the collapse of the 
bellows. In this case only a slight increase in pressure 
occurred after the weld was made. 

Operation of the No. 2 welder indicated that under 
certain conditions a sudden increase in pressure might 
be obtained due to the impact when the bellows reached 
the limit of its collapse. Analysis of the forces exerted 
by the bellows and the piston in the air cylinder confirmed 
this possibility. The force exerted by Uie bellows at dif¬ 
ferent air pressures and at different degrees of collapse 
is plotted in Fig. 10. This figure also shows the force 
exerted by the piston in the air cylinder at different air 
pressmes. While these data have been corrected for 
dead weight in the electrode system,-no allowance has 
been made for friction. To illustrate the above, state¬ 
ment let us assume that the welder is to be operated at 
an air pressure of 45 psi., with the bellows switch ad¬ 
justed to close at a bellows collapse of 0.05 in., and with 
the total collapse limited to 0.20 in. Under these condi¬ 
tions Fig. 10 shows that when the weld is made at A the 
electrode pressme is 1325 lb. When the bellows reaches 
the limit of its collapse at B the electrode pressure is 
1460 lb. Immediately following the collapse of the 
bellows, the electrode pressure might be expected to 
jump from 1460 lb. at B to 2400 lb. at C, due to the fact 
that the force exerted by the air on the piston is now 
transmitted directly to the electrode. Such an increase 
would be sufficient for forging purposes. However, ex¬ 
perimental work with the electric strain gage failed to 
show any sudden increase in pressure under such condi¬ 
tions. This was apparently due to the fact that, when 
the bellows reached the limit of its collapse, the air pres¬ 
sure in the cylinder was not yet up to the air pressure 
within the bellows. The pressure oscillograms, however, 
definitely showed where the bellows collapse ended. 
The oscillograms also showed that, while there was no 
sudden increase in pressure, there was a gradual increase 


up to a maximum value which could be predicted from 
Fig. 10. This experience indicated that to obtain an d* 
fective forging pressure in this welder it would be neces¬ 
sary to admit air much faster into the operating cylinder. 

"Quick-Section” Technique 

At the beginning of this investigation the routine 
method of examining weld sections required that the 
specimens be mount^ in ludte and elaborately polished 
in preparation for microscopic examination. This proc¬ 
ess of mounting and polist^g introduced a long delaj 
between the time of welding and the time data were ob¬ 
tained from the weld section. An important result d 
this investigation was the adoption of a “quick-section' 
technique whereby this delay could be avoided and use 
ful information could be immediately obtained afta 
welding. The “quick-section" technique conasts d 
scribing a center-lme across a face of the weld, sawing 
through the specimen alongside the center-line, smooth 
ing the cut si^ace with a file and then etching the sur 
face. By examining the section by eye, the ^pe aoc 
position of the fused zone in the sheet, the penctratioi 
and weld diameter can be quickly determined. Know 
ing the weld diameter, the approximate weld strengtl 
can be predicted. The entire procedure requires onij 
about two minutes’ time and provides information wbicl 
is extremely useful in establishing or checking machin< 
settings prior to making welds. It should be understuoi 
that this technique is not recommended for detennina 
tion of fine cracks, porosity or crystal structure in tb 
weld zone. A specimen mounted and polished in th 
usual way for microscopic examination is essential to 
studying the crystal structure. Radiographic method 
are more reliable for examining welds for fine cracks aw 
porosity. 

Summary of Results 

In the introduction to this report a ten point ouilmi 
was presented as a b^is for comparison of spot welder 
of different types. Following this pattern the results o 
the completed research are summarized as follows; 

1. Weld Uniformity or Consistency .—Data on ihi 
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consistency of welds made on this equipment have been 
presented in previous reports.* Analysis of the weld 
dispersion charts included in these reports reveals the 
following distribution of welds; 




Percentage of 

Welds Within 



±10% of 

±5% of 



Mean 

Mean 

Alloy 

Gage, In. 

Strength 

Strength 

.tlclad 

0.020 

77 

44 

24S-T 

0.040 

87 

57 


0.064 

87 

59 

.'BS-VtH 

0.040 

100 

83 


The welds upon which these data are based were made 
under carefully controlled conditions. In a number of 
instances the control circuit over-charged the condensers 
by about 200 volts. Welds made under such conditions 
were disregarded in compiling the above data. 

2. Frequency of Electrode Tip Cleaning. —Several 
hundred welds can sometimes be made in Alclad 24S-T 
before it becomes necessary to clean the tips. At other 
times only a few welds can be made. There seems to be 
something very erratic in the behavior of tips in this 
respect. Experience with this equipment showed that 
any relative movement between the tips during welding 
^atiy aggravated the pick-up of aluminum by the tips. 

3. Electrode Shape and Pressure for Best Results .— 
To date the work on this equipment has been limited to 
he following conditions of tip shape and pressure: 


Gage, In. 

Tip Shape and Shape 

Electrode 

Pressure, 

Lb. 

0.020 

Flat, ‘A* in. x 10“ 

675 

0.040 

Fiat, ‘A in. x 10“ 

1000 

0.064 

FUt, Vu in. X 10“ 

1500 

0.040 

Dome, 4-in. radius 

1000 

0.040 

Dome, 6-in. radius 

1500 


Sound welds were produced under these conditions and 
be weld characteristics are presented in Figs. 2-6 of 
his report. Other shapes, sizes and pressures have not 
•een thoroughly investigated. 

i. Surface Treatment for Best Results. —Good results 
rere consistently. obtained when Welding wire-brushed 
laterial. Some trouble was experienced with stock 
rhich had been treated with hydrofluoric acid. This oc- 
urred, however, before the characteristics of this treat- 
)ent had been investigated.* No further welding of 
bemically treated material Has been attempted. How- 
'itx, there is reason to believe that material which has 
een subjected to correct chemical treatment can be satis- 
ictorily welded on this equipment. 

0 . Weld Strength and Quality. —Characteristics of 
elds in Alclad 24S-T, 0.020, 0.040 and 0.064 in. in 
lickness, are shown in Figs. 2-6 of this report. All of 
le welds upon which these data were based were sound 
id differed only in size and strength. It is believed that 
nind, strong welds may be made on this equipment 
ider a variety of conditions. In this research welds 
uing the following diameters and strengths were read- 
j obtainable and they were accepted as being the op- 
mum welds in each gage: 


Gage,'In. 


Weld Diameter, Weld Strength, 
In. Lb. 


0.020 0.15 300 
0.040 0.20 700 
0.064 0.25 1300 


le above values were selected because welds having 
ese diameters and strengths generally fail gradually by 


tearing. Smaller welds usually fail suddenly by shear¬ 
ing. 

6. Critical Nature of Machine Settings. —Figures 2-6 
of this report show how the weld characteristics are af¬ 
fected by variations in condenser voltage. It will be 
noted that on the flat portions of the curves a variation 
of ± 100 volts does not seriously affect the weld strength. 
In several instances a greater variation can be tolerated. 
While the critical nature of the other machine settings 
was not investigated, none of them is believed to be very 
critical. 

7. Duplication of Results from Day to Day. —While 
no specific experiments were conducted in this connec¬ 
tion, it was found from general experience that to dupli¬ 
cate results from day to day it was frequently necessary 
to alter the condenser voltage by from 50 to 150 volts. 
The reason for this is not understood. The development 
of the “quick-section” technique for determining weld 
diameters ^eatly facilitated the correct selection of con¬ 
denser voltage to be used from day to day to obtain the 
same results. 

8. . Electrical Demand from the Power System. —This is 
unquestionably one of the most important advantages 
of energy storage equipment. It may be the compelling 
reason for the use of such equipment in many instances. 
This investigation was not concerned with this factor 
which is inherent in this type of equipment, and does not 
require experimentation. Whether this factor is of im¬ 
portance, is determined by the power supply which is 
available to any particular manufacturing plant. 

9. Interruptions in Operation. —In the course of the 
investigation the welding program was interrupted on 
several occasions due to trouble at the relay contacts in 
the control circuit. This type of trouble made itself 
evident in several different ways which included failure 
of the charging circuit to operate, leakage of charge from 
the condensers and over-charging. This experience indi¬ 
cated that the proper adjustment and maintenance of all 
relay contacts is very important and that the number of 
such contacts should be kept at a minimum in future 
models of this apparatus. Likewise, the essential relay 
equipment should be of such a type as to require a mini¬ 
mum of adjustment and maintenance. It is understood 
that the more recent models of this equipment have been 
improved in this respect. 

10. Maintenance Time. —This factor can only be 
evaluated under actual production conditions. 


Conclusions 

It should be understood that the investigation of this 
type of equipment is not considered to be complete. 
For example, the matter of weld cracking still requires 
careful study. On the basis of the experience, which has 
been described in this report, the following conclusions 
are drawn: 

1. Excellent welds can be made on this equipment 
under a variety of conditions and with flat or dome- 
shaped electrodes. 

2. Rigidity of the electrode system is of utmost im¬ 
portance in obtaining satisfactory welds with a reason¬ 
able electrode tip-life. 

3. A calibration of the rubber bellows in the electrode 
pressure system is a reliable guide for adjustment of the 
electrode pressure. 

4. Failiu-e to obtain good welds with this equipment 
in thin material may be due to improper surface treat¬ 
ment. 

5. In the interest of ease of maintenance and reliable 
operation, a minimum number of relays of the most de- 
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pendable type should be used in spot welding control 
circuits. 
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Note by the Authors 

The authors wish to call attention to the fact that the 
experimental work described by this report was carried 
out in 1941. While many of the original observations 
are still valid, a few comments are necessary to bring the 
report up to date with respect to developments since 
1^1. These developments include improvements in 
welding equipment, surface preparation, electrode tip 
design, and methods of examining welds for cracks. 

In 1941 the condenser-discharge type of energy- 
storage spot welder was in its early stages of develop¬ 
ment. It is not surprising that several difficulties were 
experienced with the equipment employed at that time. 
Furthermore, the distinction was not always clear be¬ 
tween difficulties which'were due to equipment and those 
which were due to surface preparation, electrode tip 
design, or some other factor. Since 1941 many im¬ 
provements have been made in this type of equipment. 
Probably the greatest single improvement in welding 
equipment has been the provision of an electrode forging 
force for the control of weld cracking. Even if a forging 
force had been provided in the 1941 equipment, it is 
doubtful if its usefulness would have been appreciated 
because little attention was paid to cracking at that 
time. 

Very little was known about the surface preparation 
of aluminum alloys for spot welding in 1941. Wire 
brushing and immersion in hydrofluoric acid were the 
two methods employed in the work covered by this 
report. According to present standards, the wire 
brushing’was well done but the chemical treatment was 
unsatisfactory. The chemical treatment was so critical 
with respect to time that it could not be controlled and, 
as a result, it was responsible for the production of irre¬ 
gular welds, particularly in the thin sheet. The value 
of contact resistance measurements as a means of evaluat¬ 
ing surface conditions and controlling the surface-treat¬ 
ing process, had not yet been fully recognized. Since 
1941 many chemical methods of surface treatment have 


proved to be far more satisfactory than either wire 
brushing or treatment in hydrofluoric acid. The tip- 
life studies in this report are not very significant due to 
the method of surface treatment. T^ey were all made 
with wire-brushed sheet and it is now recognized that 
better tip life can be obtained with sheet that has 
properly prepared by chemical methods. 

The advantage of electrode tips having spherical con¬ 
tours was just beginning to be recognized in 1941. For 
a long time conic^ tips had been used almost exclusively 
for S}X>t welding aluminum alloys. These tips tended to 
facilitate expulsion of metal from the weld. Flat elec¬ 
trode tips were next tried because they had been found 
satisfactory for welding steel and because the chief 
difficulty associated with conical tips could be avoided. 
It- proved to be very difficult to obtain a uniform dh- 
tribution of pressure with the flat tips. Spherical tips 
seemed to combine the advantages and to avoid the dis¬ 
advantages of both the conical and flat tips. However, 
in 1941 the machining of spherical tips and their rapid 
deformation were thought to be obstacles in the way of 
their extended use. Both flat and spherical tips were 
employed in the work represented by this report but the 
superiority of the spherical tips was not fully recognized. 
Their use was not strongly enough recommended. Since 
that time, simple tools have been developed for machin¬ 
ing spherical tips and they have been almost universally 
adopted for spot welding the light alloys. The de¬ 
formation of spherical tips did not prove to be a serious 
matter. 

The optimum values of weld strength arrived at in 
this report are too high and are not good for chemically 
prepared sheet. These values were obtained with wire- 
brushed sheet and now it is recognized that, for a given 
weld diameter, greater weld strength can be obtained 
in wire-brushed sheet than in chemically treated sheet. 
This is due to the fact that, in wire-brushed sheet, the 
cladding is bonded for a short distance just outside the 
periphery of the weld proper. In this work the welds 
were not adequately examined for the presence of cracks. 
Metallographic sectioning was relied upon to determine 
their presence. This method has been generally dis¬ 
credited in favor of radiography. It is now believed that 
many more welds were cracked than is indicated by the 
strength-current characteristics. Subsequent work has 
shown that, in welding with a constant electrode force, 
there is a very narrow range in current over which sound 
crack-free welds can be made. Below this range in¬ 
complete welds are likely to occur and above it, aU the 
welds are likely to be cracked. The occurrence of in¬ 
complete welds is not indicated on the strength-current 
characteristics in this report. 

For more information regarding later developments in 
this field, the reader is referred to the many papers which 
have appeared on the subject in The Welding JotjRN.\L 
and other publications since 1941. 

The Authors 

July 26, 1945 
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PREFACE 


According to Fodor, the beginning of resistance welding by the 
flash-welding process dates back to the year 1886. However, it 
was not until after 1917 that it began to be developed into a prac¬ 
tical method, which found increasing application about the middle 
of the twenties. Its importance today may be emphasized by the 
fact that, at present (1936), in Germany there are flash-welding 
machines capable of welding cross sections up to 20,000 and 25,000 
sq. mm. (31 and 38 sq. in.). 

Despite this development, very little has ever been published on 
flash welding. This may be explained by the fact that the flash¬ 
welding process evolved exclusively from practical experience. In 
the course of its development no special complicated installations 
nor machines were required. Its simple technique made the need 
of extensive research unnecessary. This also explains why re¬ 
sistance pressure welding has not reached the importance of fusion 
welding. 

Recently, flash welding has become more important because of 


* TraiuUtion of Ftrtigntiittecknik uHd GHU AbbrtHnttsehveiss/er Verbin- 
dunt4H; fiiwl report on NDRC Research Project NRC-13, OBMsr-451. 
Published with the permission of the Office of Scientific Research and De¬ 
velopment. liiis book was translated by S. L. Hoyt, N. BaklanoS and R. W. 
Bennett in the course of work done for the National Defense Resenrcb Com¬ 
mittee bj Battellc Memorial Institute under an'OSRD contract under the 
direction of the War Metallurry Committee. 

t Published by Friedrich VIeweg and Sohn. Bmtuucbweig. 


the increasing ability to weld large cross sections. It has also been 
found to be a valuable method of economizing on the use of foreign 
raw materials. At the same time its efficiency and its wide ap¬ 
plicability have not been utilized to their fullest extent. 

The increase in the size of welded cross sections, the technical im¬ 
provement in the machines, and the opening up of new fields of 
application with increasingly difficult demands, have made it neces¬ 
sary to consider more thoroughly the separate steps in the process 
and their effect on the strength of the joints. The present work is 
a thesis presented to the Technische Hochschule Dresden (Dre^en 
Institute of Technology), which was based on research performed 
during 1931-34 at the Siemens-Schuckert Works. It is hoped that 
this publication will further the development of flash welding and 
will stimulate a wider interest in this field. 

I am greatly indebted to the Siemens-Schuckert Works, particu¬ 
larly to Dr. fiingel. Director and head of the welding machine de¬ 
partment, and K. Meller, Chief Engineer, for providing facilities for 
this research. I also wish to express my sincere thanks to my re¬ 
spected teachers. Professor Ewald Sachsraberg and Professor Lud¬ 
wig Binder, for their stimulating participation in and continuing 
support of the work. 1 am, however, no less indebted to the pul> 
Ushers, Friedrich Vieweg and Sohn, for their generous compliance 
with my wishes, which has also made it possible to publish the work 
in its present form. 

Hans Kilger 

Berlig-Siemensstadt, May 1936 


TRANSLATORS' PREFACE 

This is Part II of the final report on NDRC Research Project 
NRC'13, consisting of the complete translation of the German 
book, Fertiniunsiechnik und GUle AbbrenneesektoeissUr Vervindun- 
gen {Production Technique and Quality Flash-Welded Joints) 
written by Dr. Hans Kilger in 1936. 

In March and April of 1943, an abstract by L. A. Femey of the 
above book appeared in the British publication Welding. This 
abstract was ^so published io the August 1943 Welding Journal 
Supplement. The articles stimulated such widespread interest that 
a complete translation was requested as a supplement to the pro¬ 
gram conducted at Battelle Memorial Institute on Project NRC-13. 

Dr. Kilger’s thesis is the mqst complete publication on flash 
welding ttut has appeared in the literature to date. Although 
limited in his work to manually operated machines and to the sim¬ 
pler commercial carbon steels, the author has considered and par¬ 
tially answered many of the problems confronting industry today. 
A g(xxl explanation of the fundamental concepts of flash welding has 
been presented, as well as a discussion of what tests should be used 
to determine the strength dnd quality of flash-welded joints. 
The author's data on the effect of temperatures and upset pres¬ 
sures on the quality of flash-welded joints, and his methods for ob¬ 
taining these data, are particularly instructive and should provide 
a basis for further research along these lines. Kilger admits that 
the short-cut method of fatigue testing used by him is acceptable 
only for comparative purposes, so more modem and acceptable 
methods should replace those lie used. 

The data given and the author’s conclusions are very much in 
line with the results and conclusions of other inv^tigators in the 
flash-welding field obtained since the start of the war. The de¬ 
mands of the Army and Navy Departments for better and faster 
methods for joining aircraft, ordnance and other structures have re¬ 
sulted in a substantial increase in the use of flash welding and have 
stimulated further research to determine the utility and limitations 
of the process. Dr. KUger’s book gives an excellent basis for the 
extension of flash welding into the newer, and more exacting, fields. 
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Introduction 

T he results of flash welding, like those of all 
of the electrical welding processes, depend upon 
the simple control of the heat supplied to the work 
according to quantity, time and place. Though the ad¬ 
vantages of the ordinary butt-welding process (resistance 
pressure welding) were recognized, flash welding, which 
was a later development, not only reduced the costs by 
its method of localized heating, but also introduced a 
noteworthy improvement in production methods. The 
flash-welding process thus led to a considerable extension 
of the application of resistance welding even into fields 
which had previously not even been considered. 

The fact that the flash-welded joint is greatly superior 
to those of other welding processes, and in many proper¬ 
ties is even superior .to the base material, has long been 
known. Neve^eless, this experience is not always ade¬ 
quate as a basis for evaluation,, because by extending the 
applications, new requirements of such a different nature 
arise that it is frequently necessary to determine in ad¬ 
vance the suitability of the joints. In particular, there is 
a lack of data on the fatigue life or endurance of the 
joints, which must, ajnong other things, be tested under 
conditions which simulate their practical application, for 
example with the as-rolled surface, the effect of which has 
only recently been recognized. 

As a defective welding procedure can generally be dis¬ 
covered only by g^oss surface defects, the welding process 
must be controlled for uniformity in production. The 
pertinent literature, though the properties are given, does 
not include any data on the welding conditions. Conse¬ 
quently, it does not show how defective welds are to be 
avoid^. As the published reports fail to give welding 
schedules, the strength data which are included lose their 
value, since there is always doubt regarding the true con¬ 
ditions under which the joints were made. 

It, therefore, becomes necessary to verify and supple¬ 
ment data obtained from practical applications to estab¬ 
lish the welding technique. Such tests must bring out the 
diverse and basic effects of steel manufacture, which 
knowledge is imperative for reliable flash welding. By 
these tests the designer will know the strength character¬ 
istics essential for a safe specification for the joints. 

In the following work it has been sought to lay this 
foundation. With the wealth of the material available 
it seemed advisable to plan the experiments on the sim¬ 
plest basis possible, and in so doing to sacrifice the ad¬ 
vantage of a broader application of the results. The ma¬ 
terials that were exclusively used were the commercial 
wrought steels: St 00, St 37 and St C10.61 (see Table 3).* 
For tbe same reasons, most of the welds were made with 
specimens of 30 mm. (1.18 in.) nominal diameter. De¬ 
spite these restrictions, the study of a numbei of impor¬ 
tant details could not be completed. However, the infor¬ 
mation obtained will serve as a stimulation for further re¬ 
search. 


Methods and Equipment 

The heat needed for flash welding is supplied by an 
electric current of high amperage and low voltage. Al¬ 
ternating current is generally selected so that a simple 
transformer may be used. The work is connected in the 
secondary circuit of the welding transformer, so designed 
that the greatest resistance in this circuit occurs in the 
parts to ^ welded. Consequently, as the current passes 

* Ste«I OO h«a oo strength or composition limits, but runs under 71.000 
psi. (fiO kg./mm.* tensile). Steel 37 is unspeciAed as to composition and tensile 
strength*—S2,SO0 to 64,000 psi. (37-45 kg./mm.*), These steels are not re¬ 
quired to be killed. Steel ClO.61 is 0.06-0.13% C. 0.50% Mn maximum. 
0 35% Si maximum, P and SO.04% maximum, sum of P and SU.07% maximum 


through the work, and intense localized heating occum 
between the contact faces. During the flashing period, 
the heat generated is intensified by the inadequate con¬ 
tact between the faces to be welded, which rapidly brings 
the flashing surfaces to a high temperature. On both 
sides of the flashing surfaces the temperature falls rap¬ 
idly off, resulting in a narrow heated zone. Therefore 
upon upsetting, a smaller increase in a cross section is 
formed than in simple butt welding. At the joint a small 
ridge (flash) forms which is easily removed. ' 

The most important part of the flash-welding equip¬ 
ment is the welding transformer, the primary circuit of 
which contains a series of taps and is connected to the 
line through a circuit breaker. A selector switch regu¬ 
lates the transformation ratio and, therefore, the current 
intensity of the welding circuit. The secondary circuit 
of the transformer consists of flexible copper busses. 
The ends of the secondary leads are connect^ to the dies 
(electrodes) which hold the work. 

The dies are manually controlled, or, in larger flash 
welders, by an electric motor or by compressed air. These 
dies must be able to hold the work securely enough so 
that during the upsetting operation there will be no slip¬ 
page of the work in the dies because of the tremendous 
upsetting forces. One pair of dies is stationary on the 
macdiine frame, while the other is fastened to a platen 
which can be moved in the upset direction. 

The necessary movement of the work is produced by 
the mechanical displacement of the platen. In smaller 
flash welders, the platen is generally moved by means of 
a rack and gear which is hand operated. The gear ratio 
must be such that the upsetting action can be accom¬ 
plished with a sufficiency rapid and powerful force. 
Equipment for flash welding cross sections greater than 
6000-8000 sq. mm. (9.3 to 12.4 sq. in.) must be equipped 
with a motor drive, since otherwise either one or the other 
of the two above-mentioned conditions could not be ob¬ 
tained, depending on the gear ratio selected. Flash 
welders having a motor-driven upsetting mechanism are 
called semiahtomatic. Completely automatic butt and 
flash-butt welding machines have a drive and control 





Fig. 1- Butt-Welding Machine Model WS6 the Siemens- 
^huckertwerke A.-G. 
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mechanism for the platen so that prior to upsetting, the 
travel during the welding cycle is carried out automati¬ 
cally. The dies may be also connected to the control 
mechanism. 

The machines are constructed according to their type 
and use. The basic design is not modified thereby. 
Figure 1 shows the butt and flash-welding machine, Type 
WS6, used for this investigation at the Siemens-Schuckert 
Works. The machine is hand operated and will take 
cross sections up to 4000 sq. mm. (6.2 sq. in.) in produc¬ 
tion. The water-cooled welding transformer has nine 
taps, and is located in the housing of the machine. The 
open-circuit voltage may be regulated between 2.5 and 
5 V. The tap setting is changed by a handwheel on the 
side of the machine. Two pedals are used for switching 
the transformer on and off. 

The movable platen is driven by a rack and gear by 
means of a handwheel. One full rotation of the whed 
moves the platen 11.4 mm. (0.5 in.). The work is held 
in two dies inserted in water-cooled blocks. For clamp¬ 
ing the work in the dies, the upper jaws are opened by 


means of two handwheels. A ratchet lever is provided to 
tighten qnd lock the dies. 

Figure 2 shows the wiring connections for the trans¬ 
former tap settings. Figure 3 shows the static charac¬ 
teristics of the WS6 type flash welder. For simplicity 
the various die openings are given for only Taps 1 and 9. 


Welding Procedure and Terminology 

For welding, the parts are perfectly aligned and 
clamped in the dies. The ends of the parts protrude from 
the inside faces of the dies by the “init^ extension’' 
(initial extension is the dimension from the die which 
damps the material to the abutting ends of the work). 
When the current is turned on, preheating begins.. This 
preheating consists of bringing ^e ends of the pieces to¬ 
gether and separating them several times in succession, 
each time causing a short circuit. The work is heated • 
during this passage of current, particularly at the butting 
surfaces. 

After a certain length of time, the operator changes 
from the intermittent heating to a more uniform heating 
produced by opening the gap after a short circuit by an 
amount which permits a continuous flow of current. This 
starts the flashing period. An eruptive process, which 
immediately starts, audibly and forcibly throws particles 
of the material out from between the flashing surfaces. 
The operator must advance the work uniformly and 
without pressure in order to compensate for the material 
burned off, thus keeping the flashing gap uniform. Ad¬ 
vancing the work requires a certain amount of experience 
because if it is too rapid, the flashing will be interrupted 
by a short drcuit, while if it is too slow, the flashing will 
stop. The decrease in length (bum-off) can be followed 
on a scale. 

After the ends of the work have been sufficiently 
heated, they are brought together by a quick and power¬ 
ful upset. With this “bump," slag and overheated metal 
are forced out of the weld, and the two ends are lightly 
upset. While the pressure is on, the grains of the two 
contact surfaces coalesce, thereby causing the actual 
welding. The welding current is cut off either just before 
or immediately after upsetting. This completes the 
welding operation. 

Since the various phases of flash welding are corre¬ 
lated with the amount of energy output of the trans¬ 
former, the welding process can be graphically recorded 
by an oscillograph. Furthermore, 
the movements (of the platen), 
which amplify the picture of the 
process, may also be recorded by a 
comparatively simple arrangement. 
For this purpose an autographic re¬ 
corder was used whose pen was con¬ 
nected directly to the platen by 
means of a linkage with a ratio of 
1:2.84. Figure 4 shows the timing 
of the various phases during the 
flash welding of a steel bar of 30 
mm. (1.18 in.) diameter using Tap 
7 on the WS6 flash welder. Corre¬ 
lated with time are: (a) platen tra¬ 
vel, (b) the platen speed calculated 
from the platen travel and (c) the 
energy output of the transformer. 

The welding begins at the instant 
of the first short circuit. Because 
of the inertia of the instrument, 
the load does not immediately 
rise to the peak value. The abut- 



SBCOHDAST AMPBgA&R Ig 
Fig. 3—Static Characlemtics oi the Model WS6 
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tiiig ends of the pieces are separated shortly thereafter, 
as shown on the diagram. The current output drops, 
but again not abruptiy. A second short circuit follows 
and the cycle is repeated. After repeating this cycle sev¬ 
eral times, the curve of the platen travd which had at 
first dropped below the starting value, gradually rises. 
The backward movement of the platen at the beginning 
of welding is without doubt due to the thermal expansion 
of the work. After a few seconds the gradually decreas¬ 
ing thermal expansion is no longer significant as it is 
masked by a second phase of the operation, which has an 
opposite ^ect. That is, each time the circuit is opened, 
a loss of metal occurs owing to the high current density, 
which continuously increases the movement of the platen 
to bring the pieces in contact with each other. As the 
parts now should not be separated so far that the ciurent 
stops, the platen travel curve gradually begins to rise. 
After about the seventh short circuit, a continuous pas¬ 
sage of current is supported by the flashing action. From 
tlie simultaneous rise in the curve for platen travel, the 
increasing loss of the metal is immediately recognized. 
After the ninth preheating contact, another short flash 
could be observed. After the eleventh short-circuit 
contact, in this case, the preheating process is complete. 

During the flashing period the current consumed is 
about one-third of the amount consumed diuing preheat¬ 
ing. The imevenness of the current input justifies the 
assumption that sizable changes are continuously occur¬ 
ring at the flashing surfaces. At the same time, the mov¬ 
able platen is advancing quite uniformly. 

At the instant of upsetting, the platen travel curve 
rises very steeply and almost vertically, and then changes 
directly into a horizontal. The power input also rises 
simultaneously from the short circuit, and then runs 
horizontally until the current is cut off. While the flash¬ 
ing cycle is completed when the current rises to the short- 
circuit value, tile actual welding is completed as soon as 
the platen movement ceases. 

The preheating and flashing times can be read directly 
from the curve for power input. Only the total welding 
time may cause some doubt. Strictly speaking it should 
cease with the upsetting operation. Since the amount of 


upset in most cases is not recorded and the energy input 
curve does not show the exact end of the upsetting opera¬ 
tion, and then too postheating rightfully belongs to weld¬ 
ing and contributes to the power input, for the sake of 
simplicity, therefore, the postheating period is included 
in the total welding time. This also correspionds to the 
transformer time. If the postheating period is not excep¬ 
tionally long, no complications will arise, for the total 
welding time is determined principally by preheating and 
flashing. 

The total loss in length of the work, consists of the 
preheating, flashing and upsetting losses. In the last is 
included the increase in cross section. 


Welding Schedules and Machine Limitations 

One might expect that flash welding could be closelv 
prescribed on the basis of exact data as is done with ma¬ 
chine tools. If so, flash-welding operations could be set 
up from knowledge of the properties of the material 
(dectrical conductivity, wddability, heat flow (War- 
meempfindlichkeit)), and from the size and form of the 
cross sections, the die openings, the transformer tap set¬ 
tings, the preheating and flashing times, and, finally, the 
upsetting force and the upsetting vdocity. 

Attempts to set up flash welding on such a basis are 
bound to fail because of the variations in material, in the 
shape of the cross sections, and many other factors that 
cannot be standardized. For example, when using such 
low voltages even small variations in the contact resist¬ 
ance affect the process. The surface finish also must be 
taken into consideration. 

Just as with the amount of heat supplied, it is also very 
difficult to determine the heat losses from radiation, con¬ 
duction and flashing. There are similar difficulties with 
the upsetting process. Along with the temperature im¬ 
mediately before upset and the shape of the cross sec¬ 
tion, the properties of the material such as hot strength 
and wddability at different temperatures, thermal prop¬ 
erties, etc., affect the result. In manually controlled 
flash welding, without taking into consideration the 
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Table I—Macbine Chaiacterietici of the WS6 


Initial Die Opening 

Mm. 111. 

Cross Section (1) 

Sq. Mm. Sq. In. 

Trans. Tap 
Setting 

Welding 

Time, 

Sec. 

Production 

Limit, 

Pcs./Hr. 

Energy Consumed 
per 10 Joints, 
K.W.H. 

7-10 

0.28-0.39 

100 

0.16 

3^ 

20-12 

140-170 

0.15 

13-16 

0.47-0.63 

250 

0.39 

4-6 

26-20 

100-140 

0.45 

15-fiO 

0.59-0.79 

400 

0.62 

6-7 

28-22 

85-115 

0.75 

20-25 

0.79-0.93 

600 

0.93 

6-8 

30-25 

68-85 

1.3 

25-30 

0.93-1.18 

900 

1.40 

7-9 

50-30 

60-66 

2.2 

30-35 

1.18-1.38 

1200 

1.86 

8-9 

80-45 

40-45 

3.4 

35-40 

1.38-1.68 

1600 

2.48 

8-9 

120-80 

25 

• 6.0 

40-60 

1.58-1.97 

2500 

3.88 

9 

180 

12 

10.0 

40-58 

1.68-2.28 

3200 

4.97 

9 

280 

6 

18.6 

55-65 

2.16-2.56 

4000 

6.20 

9 

380 

3 

39.0 

^1) All of the cross sections apply to straight lengths of round and rectangular steel bars. 



above-mentioned factors, it would be very difficult to 
control these high-speed operations. 

On the basis of these facts, the use of such specific di¬ 
rections must be dispensed with. It is, however, desirable 
to furnish the operator with operating data which are as 
definite as possible. Furthermore, these data are needed 
to show the capacity and limitations of the flash welder. 
They are given in the tables of machine characteristics. 
Table 1 gives the data for the WS6 type flash welder. The 
fact that in most cases, ranges are given instead of defi¬ 
nite values, and that the figures cover only straight round 
and square steel bars of commercial quality, is due to the 
difficulties just mentioned. The data are primarily for 
industrial use. The production of the flash welder is 
based on the number of pieces welded per hour. 

It is now the shop’s problem to carry out the process 
within the specified limits and to produce strong, uniform 
joints according to specifications and at the lowest pos¬ 
sible costs. Furthermore, it may become necessary to 
exceed these limits and weld imder exceptional conditions. 

To keep the labor costs down, short welding times 
should be tried. Since the heat losses depend principally 
upon the time element, that means that high-speed 
welds consume less power for the same cross section. 
The tendency, therefore, is always to weld with the high¬ 
est possible energy. This condition is sometimes unavoid¬ 
able, and leads to unusual welding conditions when the 
machine available is too large for the work concerned 
even at the lowest transformer tap. The opposite case 
occurs when it is desired to weld parts whose cross sec¬ 
tion is too large for the available machine. Since under 
these conditions the work is heated slowly, the welding 
will require a relatively long time. It is very seldom that 
the maximum cross-sectional capacity of a machine is 
used, but sometimes single jobs are done under such 
conditions. Within certain limits, longer welding times 
are prescribed for better utilization of the maclfine for 
mass production. As the amount of energy consumed 
for constant welding time increases in about direct pro¬ 
portion to the cross section of the work, a machine would 
give a correspondingly higher output for the larger cross- 
sectional areas. In order to decrease the initial machine 
cost, longer welding times have to be accepted. The lat¬ 
ter are sometimes necessary for other reasons; conse¬ 
quently, higher operating costs are accepted in prefer¬ 
ence to higher installation costs. 

No data are given in the tables for the movement, time 
and force used in upsetting; only the constant gear ratio 
for the upsetting mechanism is fixed. Because of the high 
energy usually used for small cross sections, the flashing 
period will be short and, therefore, it is necessary to have 
the facilities to increase the platen speed to obtain an 
effective upsetting. The larger the cross sections become, 
the more powerful the upsetting force must be. It can¬ 
not be stated to what extent the joint strengths are 


lowered if the upsetting pressures are not increased pro¬ 
portionally with the cross sections. 

As may be seen, the welding of the same parts may 
follow several entirely different procedures. Even though 
the data tables allow a wide range for acceptable wel^, 
there are still cases which call for welding under excep¬ 
tional conditions. In order to determine the possibilities 
in this respect, it seems desirable to investigate the indi¬ 
vidual phases of flash welding in greater detail. 

Preheating and Flashing 

Since the observations and results obtained in pre¬ 
heating and flashing in the flash-welding process are so 
closely related to short-circuit heating developed in ele¬ 
ments of shunts and electrical connections (investigated 
by Binder and supplemented by many other research 
workers) it seems desirable to use certain ideas and com¬ 
ments from that source for clarification of these phe¬ 
nomena. 

Since the ends of the work are not usually especially 
prepared for welding, only a small portion of the contact 
surfaces come together during the first preheating. 
Therefore, the actual contact area of the surfaces 
through which the electric current flows, despite the 
pressure exerted, is considerably smaller than ^e cross 
section of the entire piece. Through the bar, a normal 
uniform current (concentric, parallel flow lines) flows 
which converges at the contacting points to form a high 
localization of current, which results in. an intense gener¬ 
ation of heat. At the first instant, the temperatures rise 
linearly with time since there is no effective heat loss. 
As the first preheating short circuit continues, the 
local increase in temperature is dissipated by abK)rp- 
tion of the heat in the comparatively large mass of ma* 
terial at the abutting surfaces, which is still cold. How-, 
ever, the heating continues far enough to soften the 
contact points. This causes an increase in the actual 
contact surface, due to the pressure exerted, thus produc¬ 
ing better current conduction. On the other hand, the 
conductivity and specific heat, which vary with temper¬ 
ature, produce an accelerating increase in electrical re¬ 
sistance in those sections which are most highly heated. 

The temperature distribution in the work and the way 
these temperatures increase as welding proceeds, can be 
most easily visualized from the picture of the electrical 
flow lines (which give the intensity and path of the cur¬ 
rent). The highest cian’ent density prevails at the abut¬ 
ting surfaces (the contact points). From there the lines 
of force go in both directions in a spherical pattern which 
later changes into parallel lines along the axis of the 
work. Therefore, heating is greatest at the contact 
points corresponding to the high current density. Since 
high currents are used during preheating, requiring a 
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large amount of energy from the circuit, an appreciable 
heating occurs not orfy where the spherical pattern of 
the current lines prevails, but also in the parts of the 
work where the lines of force run parallel. 

After the contact surfaces are separated, the circuit 
is broken and heat generation ceases. The temperature 
of the contact surfaces drops because of the heat absorp¬ 
tion by the body of the work. During the current-off 
period, temperature equalization tends to take place, and 
by repeating these short circuits, the ends of the work 
are preheated. I 

During preheating, the actual contact surfaces become 
gradually larger and the contact resistance drops. At 
the same time, however, the specific resistance of the 
material rises because of the higher temperature so that 
the peaks of the individual preheating short circuits are in 
about the same range, as shown in Fig. 4. 

The flashing-out of highly heated material, which is 
particularly noticeable toward the end of the preheating, 
is caused by the beginning of flashing which takes place 
when the circuit is broken. This phenomenon helps to 
even up the contacting surface and gives the operator 
an indication of the proper time to begin flashing. 

After the contact surfaces have .been brought to a 
specific temperature level by preheating, flashing takes 
place imme^ately after the last short circuit. During 
this part of the process the ends to be welded are slowly 
brought together without any perceptible pressure. At 
the slightest contact of the work a passage of current 
takes place which, because of the very low contact pres¬ 
sure, causes an intense heat generation at the contact 
points. At these points the metal becomes fluid almost 
instantaneously. This fluid metal forms a bridge which 
carri^ the current (Fig. 5). The shape assumed by this 
bridge is probably determined largdy by the surface 
tension of the fluid metal. As a consequence of (elec¬ 
trical) overloading at the smallest cross section, ’the 
bridge is broken in a very short time by vaporization of 
the molten metal, which results in ejection of a part of 



Fig. S—Cucreat Bridge Dtlriog 
Flashing 


the remainder. The detonations, and the quantity of 
and distance to which the ejected metal is thrown, testify 
to the violence of the flashing process. Craters remain 
behind on the contact surfaces which were formerly the 
locations of the current bridges. These craters corre¬ 
spond approximately to a constant temperature surface. 
Therefore, this surface represents a source of heat. 

Immediately after the first explosion (of the current 
bridge), the surfaces are again brought into contact by 
the continuous advance of the work, whereupon the 
cycle repeats at new contact points. For the kind of 
flashing which is desired, rough contact surfaces are re¬ 
quired since the passage of current must be restricted to 
small cross-sectional areas to produce the melting and 
evaporation of the metal. By continuously changing 
the location of the contact points," the loss of material is 
equalized over the entire cross section. The individual 
explosions occur in such rapid succession that the im¬ 
pression of a continuous process is given, which is called 
•“flashing.” The rapid sequence of the individual explo¬ 
sions not only causes uniform heating of the contact sur¬ 


faces but also causes metal evaporation, serving as a pro¬ 
tective factor against oxidation. 

While the current flows during the preheating period 
like the smooth flow of a liquid from one container to 
another, as through a “hole in a thin wall,” the current 
flow during the flashing period corresponds to the same 
characteristics as the hydrodynamic pattern of water 
flowing through a “hole in a thick wall.” As commonly 
visualized, this would correspond to an alteration in the 
type of contact from a “ball against a plate” (during pre¬ 
heating) to a “plate against a plate” (during flashing). 
Hence, the heating conditions present during the pre¬ 
heating period are basically different from those during 
flashing. During the preheating period, the heat is dis¬ 
tributed uniformly at the ends of the work; while durii^ 
the flashing period, the heat generated at these bridges 
is distributed to the whole contact area, though a large 
part of the heat is lost with the ejected metal. The 
length, cross section and temperature of-the current 
bridge cause such a» high electrical resistance that the 
drop in energy input from the weld transformer to about 
two-thirds of that required during preheating, according 
to Fig. 4, may be readily accounted for. This compara¬ 
tively low energy input from the transformer conse¬ 
quently results in a negligible amount of heat generated 
from the spherical current flow at the abutting surfaces 
and extremely low heat generated from the linear current 
flow immediately behind the abutting surfaces. Heating 
the ends during flashing comes almost exclusively from 
the contacting surfaces, or from contact points which 
shift about over the whole flashing surfaces. The shift¬ 
ing of these local sources of heat may be observed in 
later temperature measurements, illustrated in Fig. 23. 

By means of a series of observations, this picture of 
the individual processes may be confirmed. If, for ex¬ 
ample, the flashing is interrupted, the contact jxiints of 
the current bridges appear as craters on the abutting 
surfaces. Since both of the abutting ends are similarly 
heated, the effect of the metal vapors on the flashing sur¬ 
faces should be about the same. In fact, the craters are 
not only exactly opposite each other, but they also have 
about the same form and size, as shown in Figs. 6 and 7. 
On the basis of the appearance of the abutting surfaces 
it is possible to evaluate the influence of the wdding cur¬ 
rent. The higher the current applied, the more vigorous 
the individual occurrence of the flashing action, and the 
rougher will be the abutting surfaces. In Figs. 6 and 7 it 
is clearly seen that the depth of the craters increases with 
the energy input. It should be noted particularly that 
in welding with high currents, little pits appear on the 
bottom of the craters. In Figs. 6 and 7 these points are 
specifically marked (point A). 

A further observation is advanced to amplify the 
picture of the flashing process. Experimentally it may 
be confirmed that the flashing action is instantaneous!}' 
stopped when the advance of the work is interrupted, and 
conversely that when the movement is resumed, flashing 
immediately begins, provided the flashing surfaces have 
not cooled too much in the meantime. The instantaneous 
interruption of flashing when the platen movement stops 
only shows that each individual flash must be produced 
by external means which causes the end faces to touch. 

The gap between the flashing surfaces is very small. 
Figure 8 is a photograph of the flashing gap, taken with a 
fast-action camera with a slit-type shutter, in ^/joo of a 
second. Magnification is 2 times actual size. The shut¬ 
ter closed horizontally, so that the points of the abutting 
surfaces were simultaneously exposed. Using a suffi¬ 
ciently high current it is possible for several current 
bridges to be present simultaneously. 

A simple way to get a better idea of the flashing process 
is through an investigation of the electrical conations in 
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Fig. 6 —Fluhing SuriacM of 30>Mid. (1.18>In.) Round Steel 
Ban After Flashing Off IS Mm. (0.S9 In.) on WS6. (A—Pit 
Formation in Crater) 


automatic control arrangements on a welding machine. 
In this connection it should be noted that flashing pre¬ 
supposes a fixed minimum area of the contacting sur¬ 
faces, and that even with the most favorable regulation of 
amperage and voltage, it is not possible to flash weld 
sections of (less than) a certain size. 

On the basis of this picture of flashing, certain other 
questions can be taken up. Thus, it would be advanta¬ 
geous to know what the conditions are at the beginning 
of flashing. It is obvious that the electrical energy must 
be sufficient to melt the metal at the contacting surfaces 
in the shortest possible time in order that the current 
bridges may follow each other in rapid succession. . If 
the dectric energy is high enough, it is entirely possible 
to start flashing of the work in the cold state, disregard¬ 
ing the danger of such a procedure. If there is not a suf¬ 
ficient amount of energy available, then a portion of that 
required for melting must be previously supplied to the 
material being welded. This is possible within a wide 
range, because preheating may be maintained for any de¬ 
sired period of time, which, as already mentioned, favor¬ 
ably affects the operating limits of the machine and its 
weldable cross sections (capacity). 

The limits of platen speed may also be established from 
the flashing, phenomena. With too rapid an advance, 
the current bridge between the abutting surfaces is com¬ 
pressed before the flash occurs. As the cross section of 
the contact points increases, the electrical resistance cor¬ 
respondingly decreases, and the bridge is not disrupted 
but is compressed. A short circuit occurs which inter- 




the welding circuit during flashing. By examining the 
power input curve plotted in Fig. 4, it may be seen that 
flashing must be the result of individual occurrences 
which are associated with a highly variable energy input 
consumption. Oscillograms of the current and voltage 
variations in the welding circuit should give further in¬ 
formation. However, a great many difficulties would be 
encountered in measuring these factors, as pointed out by 
Hellmuth. Under these conditions (low voltage, high 
amperage) the inductive influence of the welding circuit 
is inevitably impressed on the recording circuit. The 
disturbing currents in the recording leads are, moveover, 
of about the same magnitude as the ones to be measured, 
so that the oscillograms do not show the true variations of 
the voltage and amperage. The oscillogram of Fig. 9 
shows two curves. The lower curve gives the voltage at 
the flashing surfaces measured across the dies on the 
flash welder. In addition, the voltage was taken between 
two points in the circuit which do not include the weld. 
This is given by the upper curve. The peaks indicate that 
the current tends to be broken, whereby a back surge 
may occur due to the presence of high self-inductive 
currents, which might possibly contribute to the evapora¬ 
tion of the molten metal. It is possible that this fact has 
some connection with the pit formation in the cavities 
previously mentioned, when an excessively high-welding 
current is applied. • 

At times flashing has been considered to be related to 
the occurrence of stable arcs, or even explained in tnat 
manner. On the basis of existing information it is impos¬ 
sible to believe that stable arcs and the individual flash 
occurrences could take place simultaneously, for one ex¬ 
cludes the other. Flash-welding experiments with direct 
current might give additional information, as d.-c. arcs 
are more stable than a.-c. arcs. Such experiments may 
also be interesting in that they might be expected to pro¬ 
vide, among other things, certain conclusions on maxi¬ 
mum weldable cross sections and on suitable designs for 
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Fig. 7—Longitudinal Sections Through the Flashing Suziaces 
oi Specimens Shown in Fig. 6. (A—Pit Formation in Crater. 
B —Flashing Surface) 


1945 


FLASH WELDED JOINTS 


Digiti7Rd by LnOOQle 


419.S 





fig. 8—Ends o! th* Work During Flashing 



Fig. 9—Oscillogram of the Flashing Cycle 



Fig. 10—Curves Showing Rates of Platen Travel During Flash Welding of SC^Um. 
(l.lS-In.) Round Steel Bars on WS6 


feres with flashing at other points on the abutting sur¬ 
faces. The lower limit should also be determined. If 
the platen movement is very slow, there are correspond¬ 
ingly few flashes per unit of time. As a result of the 
inst^cient heat supply, the temperatures of the ends of 
the work fall. As soon as a lower limit, which corresponds 
to the given energy conditions, has been passed, no more 
flashing occurs, and further advance of the platen will 
likewise result in a short circuit. 

.The difference between the fastest and slowest platen 
speed is important because it gives a criterion or limiting 
factor for the precision with which the platen speed can 
be controlled. Figure 10 shows that such a range exists. 
It shows the platen speed, calculated from the platen 
travel-time curve, plotted against the welding times ob¬ 
tained while hand welding several steel bars of 30 mm. 
diameter using Taps 5 and 8 of WS6. For the sake of 
clarity, the preheating contacts have been omitted. The 
speed of platen travel is a true reflection of the move¬ 
ments of the manual drive. The curves, therefore, pro¬ 
vide a means to determine the ability and peculiarities 
of the individual operator. So it is for example, that the 
first increase in platen speed at the start of flashing is 
characteristic. Toward the end of preheating the opera¬ 
tor notices a rather sudden loss of material due to flashing 
and automatically moves the platen too rapidly, a con¬ 
dition which he later equalizes by slowing down the 
platen movement. He then tries to adjust uniformly to 
the flashing behavior at the contact surfaces. Small os¬ 
cillations show that the flashing process can tolerate cer¬ 
tain deviations from a mean platen speed. The smaller 
the deviations during welding, the higher the operator’s 
experience and ability are rated. Further tests in this 
direction were discontinued. However, a simple and 
practical qualification test to determine an operator’s 
ability and understanding of the flash-welding process 
would be to have him make a weld without the aid of his 
hearing, or without the aid of his vision, or without either. 

Toward the end of the welding cycle, the platen veloc¬ 
ity reaches a mean maximum value, which varies with 
the different current levels during welding. For the pur¬ 
pose of determining this relation, a large number of 30- 
inni. diameter, round steel bars were welded using Taps 5 
and 8 of the WS6. The total material lost ranged be¬ 
tween 16 and 21 mm. (0.63 and 0.83 in.) The results 


of these measurements have been plotted in Figs. 11 to 
13. A scattering of the individual values on the graph is 
unavoidable for manual flash welding. 

As Fig. 11 shows, the mean final flashing velocity in¬ 
creases considerably with energy input. Preheating ex¬ 
erts a noticeable influence. Bo^ of the curves in Fig. 12 
obviously tend toward a maximum value. It is interest¬ 
ing that a maximum value is actually reached while weld¬ 
ing with Tap 5, while Mils is not the case with Tap S. 
Therefore, with a high energy input, there is a tendency 
for the flashing to start comparatively early. These con¬ 
ditions would have little effect upon the total welding 
time and, therefore, the economy of the process would 
not be appreciably affected. 

In this investigation the relative proportions of the 
total material lost due to preheating, fla^ng and upset¬ 
ting were determined. Almost regardless of the tap set¬ 
tings, the material losses were about as follows: 6 to 7^c 
during preheating, 77% during flashing and 16% during 
upsetting. In this investigation the flashing period was 
considered to start when the first flash occurred during 
the preheating period and the observed temperature of 
the abutting ends seemed high enough to initiate satis¬ 
factory flashing. It is possible, by preheating longer, to 
reduce the flashing time. This procedure, however, de¬ 
pends upon the skill of the operator as well as other fac¬ 
tors that must be considered. Whether this reduction in 
the flashing time causes much of a variation in the ma¬ 
terial loss percentages seems questionable. 

The size and shape of the cross section to be welded has 
an influence on the platen speed dtuing flashing just as 
the tap setting has. To get a general idea of this, tests 
were run on the flash welder using Taps 3', 5, 7 and 9 oi 
the WS6 for each size of materi^, each time with one 
round and one rectangular bar or tube with cross sections 
of ISO, 300, 700 and 1250 sq. mm. (0.20, 0.47, 1.09 and 
1.94 sq. in.). These results have been plotted in Fig. 14. 
The curves for the round bars are somewhat higher, pre¬ 
sumably because the round bar has a more favorable sur¬ 
face relationship resulting in lower heat losses. The dis¬ 
advantage of poorer current contacts of the work in the 
dies was not shown on the curve. For all tap settings 
there was only a slight variation in the platen speed wbw 
flash welding material of the same size but of different 
shape. It is of interest to note that welding with higher 
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period. Furthermore, the preheating 
effect will be utilized upon occasion to 
the same end'. 



PREHEATING TIME 
FLASHING TIME 


X 100 IN % 


FiQS. 11 to 13—Influonc* of Energy Input and Prahoating on the Mean Final Flaah- 
ing Velocity of 30*Mm. (l.lS-In.) Round Steel Bare on Taps 5 and 8 of the WS6 


currents showed up no appreciable increase in the final 
platen speed. These partly unexpected results were con¬ 
firmed by additional tests. In confirmation of the pre¬ 
ceding tests, it developed that the mean end platen ve¬ 
locity is always very low when flashing is started on cold 
work. 

If the mean platen velocity at the end of flashing is 
plotted against the weld cross section, for different en¬ 
ergy inputs during welding as expressed by the tap set¬ 
tings, the generalized curves shown in Fig. 15 are ob¬ 
tained. By referring to the table of machine constants of 
WS6, it may be seen that the platen speed in this case 
may go as high as 80 mm./min. (3.15 in./min.), as shown 
by the dotted line in Fig. 15. With cross sections of 1200 
sq. mm. (1.92 sq. in.) the platen speed will be only about 
40 mm./min. (1.58 in./min.); from this point it drops to 
the curve for Tap 9. However, even when welding cross 
sections of ^200 sq. mm. (1.92 sq. in.), le^ than one-third 
of the possible welding capacity of the machine is uti¬ 
lized. From this it may be seen that in the majority of 
applications of WS6, a platen speed of less than 40 mm./ 
min. (1,58 in./min.) w^ be used. For automatic weld¬ 
ing machines the possibility exists of regulating the 
current input for a given cross section, so that the platen 
speed will remain essentially constant during the flashing 


Heating ffie Work 

It is almost impossible to calculate 
data on the temperature variations in 
the work because of rather arbitrary 
interactions of the individual effects 
occurring during preheating and flash¬ 
ing, with respect to both time and place, 
as well as the high material losses. 
Therefore, an attempt was made to 
work out a practical method for this 
determination. Since the current flow 
could not be disturbed, these measure¬ 
ments had to be made on the outer 
surfaces of the parts. For the evalua¬ 
tion of the results, a simplifying as¬ 
sumption had to be made that the 
temperatures are fairly equalized over 
the cross section of the work at every 
point so that the values obtained re¬ 
present the temperature of the work 
ends with fair accuracy and can be 
compared. This assumption does not 
apply either to the flashing surfaces or 
to the clamped ends. However, these 
two factors have no significance be¬ 
cause, in the first case, the cross sec¬ 
tions in question are eliminated during 
upsetting and, in the second case, the 
temperatures have no influence because 
they are too low. The temperature 
of the work under these conditions 
can be given at any instant during 
welding with sufficient precision, if 
the change in temperature (with time) 
is known at three or better at four 
points on the siuface along the longi¬ 
tudinal direction of the work. From 
considerations of symmetry it is suffi¬ 
cient to make these measurements on 
only one side of the weld. 

Nickel-nickel chromium thermocouples were used for* 
the temperature measurements. Holding the thermo¬ 
couples on the work involved many difficulties because 
of the rapid temperature variations. Following several 
failures, the problem was finally solved by spot welding. 
In this way the heat absorption and lag between the 
thermocouple and the work were practically eliminated. 
Since welding made the wires brittle, a supporting ar¬ 
rangement was installed as shown in Fig. 16. An asbestos 
plate was used as a protection against short circuiting 
from the flash. 

During the preliminary tests it was found that a con¬ 
tinuous record of the temperatures (thermal emf’s) was 
very desirable. This condition, as well as the necessity 
of obtaining an inertia-free indication, required that the 
measurement be made oscillographically instead of using 
a milliammeter having a lag of from 2-4 sec. A 6-element 
universal Siemens and Halske oscillograph was avail¬ 
able. A Type 8 galvanometer was selected because it 
could be used directly with the thermocouples without 
intermediate amplification. The galvanometer element 
had the following characteristics: natural frequency, 
1200 cycles/sec.; resistance, about 7 ohms; current 
constant, alx>ut 0.02 X 10~* amp.; maximum current. 
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Fig. 16—Thermocouple Connections 


0.0015 amp. d. c. At maximum load, it gave a deflection 
of about 75 mm. (2.95 in.). 

Unexpected difflcullies were encountered during the 
experiments with this installation. These difficulties 
came from interference of strong alternating currents 
in the measuring circuit, which were attributed to the 
resistive and inductive coupling between the measuring 
and welding circuits. The resistive coupling came from 
the metallic connection (the spot weld) between the ther¬ 
mocouple and the work. Its action depended upon the 
weld itself and its expansion in the direction of the po¬ 
tential and thermal gradient. The inductive coupling 
was unavoidable for the further reason that the thermo¬ 


couple leads were insulated and could not be twisted 
sufficiently to avoid inductive potential pickup. This 
pickup was 'especially serious near the couple bead on the 
surface of the work because of the intense magnetic fields 
near the surface. This interference made it very difficult 
to interpret the measurements, and the wide galvanom¬ 
eter deflection reduced the pennissible galvanometer cur¬ 
rent by nearly a half. In addition it made the evaluation 
of four temperature curves taken simultaneously impos¬ 
sible. Attempts to compensate (the induced current 
oscillations) by inserting oscillatory and rotating loops in 
the field of the machine gave no results, because the 
compensation was uncertain and also varied durinc 
flashing. However, these difficulties were finally over- 
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fig, 17 —^Filter*Circuit Connection toi OscUlogiaphic>TempeM- 
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Rg. 18—Coutruction of the 4 Filter Circuit* 


come by the filter circuit shown in Fig. 17 which 
kept induced potentials out of the recording circuit 
so that it gave only the thermal emf. The resistartces 
(of the filter circuit) were adjusted to the maximum: ex¬ 
pected welding potential so that maximum deflections 


could be obtained at all locations, and a decrease in the 
effectiveness of the filter circuit was accepted. 

Besides errors from the locations of the couples on the 
surface, the precision of the temperature determinations 
depended fiudher on warping of the paper during develop¬ 
ment, and on making the readings for evaluation. If 
the limit of error is =*=0.25 mm. (0.0098 in.) in reading the 
oscillogram, there will be for an average deflection of 1 
mm./mv. an error of ±8® C. (14® F.) in the lower 
temperature ranges and *6® C. (11® F.) in the upper 
temperature ranges. In view of the other sources of er¬ 
ror, and particularly the assumptions made in the begin¬ 
ning for the evaluation of the measurements, this preci¬ 
sion seemed satisfactory. Compiensation leads were, 
therefore, dispensed with. 

After making the four filter circuits (Fi^. 18), flash 
welds were made and the results recorded in Table 2. 
Since the results are sufficiently consistent, further 
measurements could be dispensed with. 

Figure 19 shows a temperature oscillogram. By means 
of the lower curve on the oscillogram, which shows the 
variations in the secondary voltage measured across the 
dies, the different flash-welding periods can be distin¬ 
guished. When no welding is taking place, the curve will 
indicate the open-circuit voltage; during a short circuit 
there is a steady minimum voltage; and during flashing 
the voltage oscillates irregularly between these two val¬ 
ues. The curves plotted above the voltage trace repre¬ 
sent the thermopotentials for the thermocouples at the 
positions 1 to 4. These curves have different null lines of 
which only the lowest is plotted. The top curve shows 
the time scale. 

To show the temperature changes, the oscillograms ' 
were converted into time-temperature (mrves with the 
use of the scales and the calibration. In o^der to make a 
comparison possible, the time-temperatiu’e curves had to 


Table 2—Temperatvir* Measurements During the Welding of 30-Mm. U-18-In.) Round Steel Bars on WS6 
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Fig. 19—Temperature Oscillogram No. 1106 

Sekundarspannung = secdndary voltage, Vorwarmen = preheating, Abbrennen = flashing, Stauchen and 
l^achwarmen = upsetting and post heating 


FliASH WELDED JOINTS 


194S 


Digitized by v^ooQle 


423.S 









Fig. 20—TempeTahir»<Tinie Curvet in Welding 30-Mm. (1.18- 
In.) Round Steel Bart at TafM 4, 6, 8 and 9 on the WS6 


be coordinated individually according to their distance 
from the plane of the weld. Finally it was also necessary 
to coordinate the data by striking mean values for the 
same welding conditions. The curves shown in Fig. 20 
were obtained in this manner. These curves show the 


time-temperature variations during the welding of .3(> 
mm. (1.18-in.) round steel bars at Taps 4, 6, 8 and 9o! 
the WS6, at 5-mm. (0.20-in.) increments from the weir 
line. 

For all of the transformer taps, the temperature rise 
verj^ rapidly at the start of welding. The rate of increast 
per second increases with the tap setting and as the dis¬ 
tance from the flashing surface decreases. Shortly after 
the start of flashing, there is a lag in the temperature rise 
at all positions as a result of the lower energy input and 
increasing heat losses. Toward the end of flashing the 
temperatures near the weld begin to rise more rajadlr 
again.* These cross sections begin to come dii^e 
within the heating influence of the flashing surfact? 
through the loss of material at the contact face. Duriat 
upsetting and postheating large quantities of heat enei^ 
are again supplied, causing the temperatures to continue 
to rise. The peak value is reached at the weld at the 
instant the welding transformer is cut off. In the cros? 
sections farther removed, the temperatures continue to 
rise because of the heat dissipation from the weld. Tht 
farther these cross sections are from the weld, the lower 
the peak values and the longer the time to reach this peak 
value, and the longer the duration of the maximum tem 
perature. After cutting off the transformer, the temper 
atures near the weld drop almost as rapidly as they had 
previously risen. Only with increasing equalization does 
the cooling rate decrease. 

These relationships can also be seen in Fig. 21. Tht 
individual graphs represent the temperature conations 
of the work during welding and the subsequent coolinc 
at toe intervals of 20 sec. The postheating effect at 
positions away from the weld is especially evident. 

Since the maximum temperature and the duration of 
heating produce variations in the structure and proper¬ 
ties of the joints, Fig. 22 has been developed from tbi 
temperature measurements so that the times of heatiD^ 
the 30-mm. (1.18-in.) bars to specific temperatures be 
tween 500 and 1200° C. (930 and 2190° F.) can be read 
off for different welding conditions and for each distanct 
from the weld. Intermediate points can be estimated by 
interpolation. The other conditions remaining the 
same, the insert shows only the transformation temper 
atures 720 and 900° C. (1330 and 1650° F.) so that it I' 
somewhat easier to read. The curves, strictly speaking 
apply only to mild steels. Yet, subsequent tests or 
chromium-nickel steel did not show any appreciable dif¬ 
ferences. 

In order to determine the possibilities of welding with 
a greater energy input, it is necessary to consider more 
carefully the heating conditions at the flashing surfaces 
and the heat-affected zones during preheating. During 
preheating, short circuit and open-circuit periods alter¬ 
nate. The short circuit heats the entire length betweer 
the dies and particularly at the contact siufaces. At tht 
start, the work in the dies remains at about the initial 
temperature. Later in this period, in addition to the 
local heating, the heat is conducted back from the contact 
surfaces so that in spite of water cooling (of the dies 
there is a gradual rise in temperature. During the open- 
circuit period, the temperature decreases at the abutting 
surfaces because there is no further heat input and the 
heat loss continues. The temperature equalization at 
the contacting surfaces is further favored by these sur¬ 
faces of the work, which in the open-circuit period give a 
supplementary cooling effect. As a result of the itera¬ 
tions of open and closed circuits, a temperatia^ condi 
tion is reached at the end of preheating, which for wriding 
30-mra. (1.18-in.) round steel bars with Tap 9 on the 

* This last statement does not seem to be consistent with the cui lU ^ 
Pig. 20— Translator. It reads: Gegen Bade des Abbeennena siAcn ^ 
Temperaturen in Nahtnfthe weider an. The effect is small at the moat- 
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Fig. 21—Temp>erahire Conditions in 30-Mni. (1.18-ln.) Round Steel Bars at 20-Sec. Tima Intervals Before and 

Alter &e End of Welding 

-Before end of welding. 

- - - “ After end of welding. 


WS6 corresponds to the Curve 64-61 of Fig. 23 and ap¬ 
proximately so to its dot-dash continuation. The loca- 
tions of the four thermocouples shift as a result of the 
- heat expansion of the material and the material loss due 
, to flasliing. In this way a uniform, high-temperature 
. level at the ends is provided for the flashing operation. 

The position and magnitude of the greatest temperature 
, drop have an effect on the subsequent flashing, since, by 
. repetition from flashing losses, they can lead to a sudden 
drop in temperature on the contacting surfaces and thus 
. cause an interruption of flashing. Conversely, it is to 
be concluded that the purpose of preheating is fulfilled 
, only if the minimum temperatures for flashing have been 
asstned by sufficient preheating. 

Diuing flashing almost all the energy input is con¬ 
verted into heat at the abutting surfaces, while the cross 
sections farther away are almost unaffected except by the 
heat dissipation from the flashing surfaces. The tem¬ 
perature drop along the axis of the work depends pri¬ 
marily on the preheat condition (the heat flow from the 
contacting surfaces), on the thermal conductivity of the 
material, the time and finally, the flashing speed. These 
• factors are somewhat dependent on each other. During 
the local temperature drop there are no material differ¬ 
ences between the center and stuface of the work, but 
' at the flashing surfaces a metallographic examination 
shows that a marked temperature contrast must have 
been established, corresponding to the individual flash¬ 
ing occurrences. An investigation of a fracture of a fa¬ 
tigue test bar which broke in the weld was also instruc¬ 
tive in this connection*. This is shown in Fig. 24. A 
drop of molten metal was somehow displaced from the 
current bridge into a deep crater on the flashin g surface. 

' 1945 


This drop, distinctly different from the surrounding 
metal as shown by the oystal structure and the large 
amount of slag, was separated by an oxidized layer. 
The even distribution of the slag inclusions shows that 
the material must have been in violent motion. How¬ 
ever, the material adjoining the crater was not overheated 
above the permissible limit. 

It has been previously mentioned that increasing the 
flashing energy above a certain amount produces pits at 
the bottom of the crater. In connection with the heat¬ 
ing of the work, caution is recommended. With a very 
high energy input, the generation of heat is considerably 
accelerate through the simultaneous appearance of a 
number of current bridges. In spite of the high flashing 
loss, it is possible that the heat dissipation from the 
flashing surfaces will not be sufficient in the allotted 
time. In this case there is a disturbance of the proper 
heat flow which under certain circumstances results in 
a joint which would include the overheated metal in 
sections which remain as part of the joint after welding. 
Such a heat flow is clearly shown in Fig. 25. This figure 
shows the maximum temperatures at various distances 
from the abutting surfaces during the welding of 30-mm. 
(1.18-in.) round steel bars for the selected transformer 
taps of the WS6. The short-circuit load is determined 
by the cross section of the work and the short-circuit 
current of the corresponding tap setting according to 
Fig. 3. A cross section at a distance of 5 mm. (0.20 inch) 
from the weld, using Tap 4, will reach a temperature of 
more than 1400° C. (2550° F.). By using Tap 8, this 
temperature will drop to 1100° C. (2010° F.). If the 
current density in the cross section being welded in¬ 
creases, for example, from 32 to 35 amp./sq. mm. (200 to 


FLASH WELDED JOINTS 


Digitized by LnOOQle 


425-8 





TEMPERATURE, DEGREES C 



























a. Fatigue fracture surface showing defect 
(2.3 X). b. Polished and etched cross section 
of defect. (7V»X). c, Polished and unetched 
cross section of defect (75 X). d. Polished 
and etched cross section of defect (95 X). 


Fig. 24—Investigation of Weld-Line Defects 


220 amp./sq. in.) at Tap 9, the temperature in the imme¬ 
diate vicinity begins to rise. Even at a distance of 10 
mm. (0.39 in.), this can be detected. 

In the present case the temperature'condition is more 
favorable when welding at Tap 8. At the cross section 5 
mm. (0.20 in.) away from the weld, the minimum temper¬ 
ature will be found. While a higher current load would 
be of some advantage for the cross section further away 
from the joint, these advantages are only slight; but 
in the vicinity of the weld these conditions are much less 
favorable. The same conclusions are showm in Fig. 26. 
The conclusion drawn from these curves is that when 
changing from Tap 8 to Tap 9, there is a reversal of the 
temperatiu’e-distance relationship at about 12 mm. (0.47 
in.) from the weld. 

In connection with heating the work during flashing, 
attention must also be directed to the formation of oxida¬ 
tion products and gases which increase with the energy 
input; the upper limit to which this can be pushed de- 
I>ends upon the possibility of eliminating all inclusions 



Fig. 25—Relation Between the Maximum Temperatures in 30- 
Mm. (1.18-In.) Round Steel Bars at Various Distances from the 
Weld Line and the Energy Input 


of this kind during upset. The position of the revereing 
point for the heating effect is judged on the same basis.* 

On the question of energy input and the resulting 
heating effects diuing preheating and flashing, the follow¬ 
ing concluding statements may be made: 

With low currents, the period of preheating must be 
extended. Even then flashing may be so sluggish that 
preheating may have to be repeated several times until 
the temperature needed for flashing is established. 
Welding takes a long time, high temperatures are reached, 
the heat-affected zones are wide and the heat losses large. 

With a medium energy input less extended preheating 
is required. Since the temperatiu’es do not need to be as 
high, shorter periods of preheating are sufficient. The 
heat generation, the heat losses and flashing losses are so 
related that flashing can proceed without interruption. 
The heat-affected zone thus becomes narrower and the 
temperatures materially lower at the same positions, than 
under the conditions mentioned above. 

At a higher energy input the heat-affected zone does 
not narrow up to the same extent as it does by changing 
from low to medium energy inputs. Due to thermal con¬ 
gestion or damming up the flow of heat, the temperatme 
conditions near the weld may even reverse. This con¬ 
dition takes on practical significance when the reversal 
point is located in cross sections which come within the 
weld after upsetting. When a sufficiently high energy 
input is used, flashing may be started without preheat¬ 
ing. Against* the low energy consumption, the short 
welding times, narrow heated zones, stand the less favor¬ 
able conditions at the two ends. Of particularly serious 
consequence are: the temperature contrast (Temperatur- 
gensatz) on the flashing surfaces, the formation of deep, 
porous, flashing craters, and the increased formation of 
gas and oxidation products. 

Influence of Welding on Structure and Heat-Affected Zones 

Heat treatment is intended to put a material in its best 
condition for future application. On this basis the tem¬ 
peratures and heating times are determined. Contrary 
to the above, heating for welding is governed by the tem¬ 
perature required for the actual welding of the material. 
The zones adjacent to the weld joints are heated so dras¬ 
tically that a change in structure is produced which, in 
many cases, is undesirable. The effect of the local tem¬ 
peratures and the duration of heating follow the same 
rules as those applied to standard heat-treating proced¬ 
ures. 

Steels E and F were used for structure investigations 

* The implications of this statement are not further considered. It seems 
to refer to the zone back of the flashing surfaces. Ail of this zone which is up¬ 
set into the weld region must be adequately heated, a condition which may 
not obtain with high energy inputs. The author evidently uses the “reversal 
point" as a guide to the choice of the proper tap setting to secure adequate 
heating in depth.—TroHS. 
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26—Maximom Temperatures Obtained in Welding 30>Mm. (l.lS-In.) Round 
Steel Bars up to a Distance ot 40 Mm. (1.57 In.) Irom the Weld Line 
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Fig. 27—Longitudinal Sections oi Joints in Table 4, Etched with Oberhoffer't 
Phosphorus Reagent 


as shown in Table 3. The initial structure is shown in 
Figs. 28 (c) and (/), 29 (/) and (k) and 30 (d) and {h). 
This structure consists largely of ferrite with a small 
quantity of pearlite, due to ^e low-carbon content of 
^e sted. The grain size corresponds to that of steel 
rolled above Arj and cooled in air. 

If the heating temperature stays below 700° C. (1290° 
F.), only stresses caused by unfavorable cooling or roll¬ 
ing conditions will be relieved, in whole or in part. In 
this temperature range, recrystallization of a structure 
deformed by cold work may also take place. Since such 
structures and stresses are seldom found in the material 
under consideration, heating to about 700° C. (1290° F.) 


2552 followed by an air cool probably has 

little influence on it. Heating for a 
long period just below Aci would 
result in the formation of spheroid 
ized pearlite. Short heating period; 
at the same temperature do not 
show this effect. 

As soon as the temperature crosses 
the pearlite line, Aj, of the iron- 
carbon diagram, the pearlite begin.' 
to dissolve forming the gamma solid 
solution of about 0.89% carbor. 
initially. As the temp^ature in¬ 
creases, the gamma solid solutiori 
dissolves as much ferrite, which was 
previously unchanged, as it can dis 
solve at the effective temperature. 
This equilibrium is shown by the 
line G(5 s on the iron carbon dia¬ 
gram. At about 9(X)° C. (1650'T. 
all the ferrite has dissolved so tha: 
there is present only the homoge¬ 
neous gamma solid solution whici 
has the composition of the startinj 
material. The solid solution is 
stable up to the welding tempera 
ture. During cooling, the trans¬ 
formations take place in the reve.'^ 
order. 

The grain size of the raateriai 
depends upon the temperature, timt 
at temperature and rate of coolin; 
With increasing time, the formation 
of coarse grains is increasingh 
favored as the temperature in 
creases above the GOS line. Be 
cause of the rapid heat dissipation 
from, the weld back into the work, 
normal cooling in air may produce a 
quenching effect. The chance oi 
this happening will increase as the 
volume of metal which has bee: 
heated decreases. From the temp 
erature curves it may be seen that 
the temperature drop can amount 
to about 50° C. (90° F.) per second 
even 5 mm. (0.20 in.) from the weld 
joint upon air cooling. The weld 
always shows a structure similar t. 
that of a casting whose large grain 
size is due to the temperature tr 
which it was exposed. The rapidly 
working upset, by means of its hot 
deformation, helps prevent settini 
up too large a grain size. 

In the parts of the work heated 
slightly above 900° C. (1650° F 
and subsequently quickly cooled, i 
uniform fine grain structure with 
uniformly distributed lamellar pearlite is to be 
pected. In the zone of incomplete transformation, 
between 700 and 900° C. (1330 and 1650° F.), there is a 
transition state in which only the ferrite that has gone 
into solution will be refined, while the rest will retain it* 
original grain size. 

By increasing the rate of cooling, as by water quench 
ing, the precipitation of ferrite as well as the transfonna 
tion of solid solution will be more or less retarded 
Depending upon the quenching action the resulting 
structure will contain the ferrite, and lamellar pearld’^- 
sorbite and troosite (coarse and fine lamellar peariitr 
in the new terminology— Trans.). Segrtgation of feniw 
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and other structure components will be hindered by the 
quenching action. The ferrite, therefore, '5^111 be evenly 
dispersed around the pearlite or sorbite. At the lower 
temperature zones in the material, the quenching action 
is less drastic, but the grain-refining effect persists. 

The application of ^ese relationships of physical met¬ 
allurgy to fiash-welding conditions will be shown by pho¬ 
tomicrographs of the structures of the five specimen 
listed in Table 4. Figure 27 shows longitudinal sections 
of the five joints after etching with Oberhoffer’s phos¬ 
phorus reagent. The adjacent sections were poished and 
etched with a 1% Nital solution. Two series of photo¬ 
micrographs were made axially along the bar showing (1) 
the structure changes that take place along the center of 
the bar from the weld line through the heat-affected zone 
and ending in the unaffected material, and (2) the struc¬ 


ture changes that take place at the surface of the bar over 
the same area. Selected photographs are shown in Figs. 
28-30, along with the location of each with respect to ^e 
weld line. 

Specimen 12, having a welding time of 40 sec., repre- 


T«bl* 4—Walding and Cooling Conditions for tho Fiva 
Joints Mada from 30-Mm. (1.18*ln.) Round Bar 


Specimen 

Number 

Material 

Welding 

Machine 

Tap 

Setting 

Welding 
Time, S«. 

Cooling 

Medium 

12 

E/F 

WS6 

8 

40 

Air 

22 

E/F 

WS6 

8 

38 

Water 

33 

E/F 

WS6 

5 

77 

Air 

41 

E/F 

WS6 

6 

87 

Water 

A9 

E 

WS7 

9 

10 

Air 


Tabla 3—Chamieal and Machanical Propartias of the Steals Used 


Rolled Bars 
Dasig- NoBlnal 
oa- Dlaiseter 
tion sn* In* 

Chemical Composition in 

Per Cent 

Yield 

Point 

Tensile 

Strength 

% 

Elonga¬ 

tion 

"T" 

Red. 

in 

Area 

Remarks 

“5“ 

§1 

ib 

— r~ 

s 

Kg./mn.^ 

p.8.i* 

Kge^nZDa^ 

• p.s.i. 

A 

30 

1*18 

0.09- 

Traces 

0*51- 

0.027- 0.046- 

25*6 

36,400 

37,6 

53,400 

31*2 

64.0 

Steel 




0.10 


0.55 

0.029 

0,047 

















, 





of 

B 

30 

1*1B 

0.083- 

ft 

0.56- 

0.027- 0.048- 

25.2 

35,600 

37.8 

53,600 

29*2 

63*0 





0.085 


0.58 

0.029 

0.050 







OMl- 

C 

30 

1.18 

0*15 

0*022 

0.58 

0.036 

0,042 

27*1 

36,600 

41.8 

59,500 

25.0 

61.0 

mercial 

0 

30 

1.18 

0.05S 0.020 

0.45 

0.046 

0.066 

30*4 

43,200 

38.5 

54,600 

26.3 

69.0 


I 

30 

1*18 

0.09 

Traces 

0.46 

0.011 

0.051 

24*6 

35,000 

37.3 

63,000 

30.6 

66.0 

quality. 

P 

30 

1.18 

0.09 

0*00 

0.46 

0.012 

0,046 

24.0 

34,200 

36.4 

51,700 

30.0 

69.0 


0 

26 

1.02 

0.13 

0.00 

0.43 

0.145 

0*065 

27.4 

39,000 

40.6 

57,800 

26*7 

58.0 

lischine screw-stock 

H 

16 

0.59 






32*3 

46,000 

46*5 

66,200 

26.1 

64.0 

St C10.61 

M 

30 

1.18 

0.12 


0.50 

0.026 

0,054 

27.7 

39,400 

43*5 

61,900(1)29.6 

55.0 

O.E* steel (2) 


(1) Araraga valua of thraa tension tests* The values of indlTidual bars are scattered. The lowest value 
was 36*7 kg./n«2 (52,100 p.s*!.). 


(2) Notch toxighness In center of bar was 10*8 nkg./eai.^j at edge of bar*ll*2 nkg./cm*^ (10 x 10 x 55)* 
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Fig. 28—Photomicrographs Along the Axis emd Siurface of a Flash-Welded Specimen at Various Distances 

from the Weld Line. (100 X) 


FLASH WELDED JOINTS 


1945 


Digitized by LnOOQle 


429-s 





Along Axis from Weld Line 
Mm. In. 

a 0 0 

b 1 0.040 

e 2,5 , 0.10 

d 4.0 0.16 

€ 5.3 0.21 

f 10.0 0.39 

Along Surface from Weld Line 

Mm. In. 

0 0 

3 0.12 

4.8 0.190 

9.2 0.36 


Fig. 29—Photomicrograph* of Joint A9 (10 Sec., Air Cooled) 
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sents standard conditions for flash welding a steel bar 30 
mm. (1.18 in.) in diameter. Figure 28 (a) shows the 
weld-line structure at the center of the bar. The exact 
location of the weld line could not be detected. The 
grain size is fairly large, corresponding to the high tem¬ 
peratures encountered. The formation and distribution 
of the ferrite and pearlite indicate a rapid cooling. 

Between 1.5 to 2.5 mm. (0.06 to 0.10 in.) from the weld 
line, the structure approaches that of the rolled material 
and at the same time becomes finer grained. The finest 
structure is found at a distance of about 6 mm. (0.24 in.) 
from the weld line as Shown in Fig. 28 (6). The uniform 
fine-grained structure indicates that this zone was heated 
to a temperature above 900° C. (16.50° F.), and was in a 
state of complete solution. The first indication of the 
rolled structure of the unaffected material may be de¬ 
tected just ahead of this fine-grained zone, as shown in 
Fig. 28 (c) and (/). 

Past the fine-grained zone there is a transformation 
/one whose structure is characterized by the ferrite that 
has not recrystallized. From the changing grain size of 
the ferrite it is possible to determine how far above the 
lower critical the temperature has been at any distance 
from the weld line. Figure 29 shows a comparison of the 
transformation structures of the two series. The effec¬ 


tive temperatures must have been between 900 and 
C. (1650 and 1330° F.). In the lower part of this tem¬ 
perature range, transformation was detected only in the 
pearlite. The unaffected structure of Specimen 12 wa< 
reached at a distance of 16 to 17 mm. (0.63 to 0.67 in. 
from the weld line. 

Similar characteristics are found along the surface m 
the specimen. Larger grains are found at the weld.than 
at the center of the bar, which is also shown in the remain¬ 
ing welds. This may be caused by the small amount oi 
upset at the surface of the specimen. However, the core 
structure of the bar in the unwelded condition is also 
finer, which may be due to the carbon content and to an 
unequal distribution of crystallization nuclei or inclu¬ 
sions, and to core segregation. 

In Specimen 33 the same structures were found with 
the exception that the weld and the transformation zone 
are wider, corresponding to the temperature conditions. 
For this reason photomicrographs were not made. 

The joint A9 is exceptional because of its .very short 
welding time. The energy input was so large that it was 
possible to initiate flashing without preheating. Conse¬ 
quently, almost all of the heating came from the flashing 
surfaces to give the maximum temperature gradient from 
the weld back into the work. Because of the small vol¬ 
ume of material heated, the cooling period was very short. 
Figure 29 shows the influence of these conditions on tie 
grain structure. The structural zones are very close to¬ 
gether, while the unaffected structure comes at a distance 
of only 10 mm. (0.39 in.) from the weld line. In the en¬ 
tire heat-affected zone and particularly in the weld proper 
the grain size is materially smaller than in the two other 
welds. The narrowing of heat-affected zones and the 
fine-grain structure result from sharp transitions. The 
actual weld line could not be detected. 

Joints 22 and 41 were water quenched to show clearh' 
the effect of quick cooling. The time between the com¬ 
pletion of the weld and quenching was about 6 sec., 
which should be taken into consideration on estimatine; 
the quenching temperatures. Since the structures of the 
two specimens differ only in the location of the transfor¬ 
mation zone, photomicrographs of Specimen 41 alone 
are shown, Fig. 30. The weld structure appears light in 
some places with parallel markings, frequently in layers 
In these areas ferrite predominates. As a result of quick 
cooling very little segregation of ferrite and cementitc 
has occurred so that the latter crystallized as a fine lam¬ 
ellar structure. The second part of the structure con 
sisted of a darker appearing ground mass with fine light 
colored needles, which has the appearance of Widraan 
statten’s structure. At higher magnifications most of the 
needle structure was identified as ferrite, although some 
martensite was found. This d’stinction showed up a? 
different shades obtained by etching, as shown in Fig. 31. 
The ferrite needles appear white whereas the martensite 
needles are a yellowish white. The martensite probabh 
formed in the areas where the solid solution was richer 
in carbon because of incomplete diffusion of the cement 
ite of the pearlite regions. The formation of martensite 
does not take place in the boundary structure of the weM 
because of the lower carbon content, although it would 
be expected to occur here because of the quick cooling. 

The coarse grain of the solid solution may be recog¬ 
nized by a bright network of ferrite which precipitates 
preferentially at the grain boundaries of the gamma solid 
solution during the cooling. However, through the 
quenching action the mobility of the ferrite molecules is 
retarded so that only a very small amount of the pre 
cipitated ferrite forms at the grain boundaries. Conse¬ 
quently, after recrystallization the grain size of the 
gamma solid solution is indicated by an almost pure fer¬ 
rite network, while in the intermediate areas the fernte 
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Micrographs Along Axis (Dis¬ 
tance from Wold Line) 

Mm. In. 

a 2.5 0.10 

b 19.0 0.75 

c 22.0 0.87 

d 42.5 1.67 


Micrographs Along Surface (Dis¬ 
tance from Weld Line) 



Mm. 

In. 

e 

0 

0 

{ 

14.0* 

0.55 

g 

17.5 

0.69 

h 

35.5 

1.40 


Fig. 30—Microstructiire of Joint 41 (87 Sec. Water Quenched) (100 X) 



and cementite crystallize into a fine radially laminated 
structure. 

Although the weld zone of the water-quenched speci¬ 
men has a basically different structure than that of the 
air-cooled specimen, there is the same fine-grained zone 
and transition into the unaffected material with increas¬ 
ing distance away from the weld line. The only differ¬ 
ence consists of a finer-grained structure and a greater 
disparity of grain size in the zone of incomplete trans¬ 
formation. In this way the transition stages can be fol¬ 
lowed in detail. 

The extent and location of the individual zones de¬ 
pends upon the quenching temperature and, hence, on 


Ferrite 


100 X 500 X 

Fig. 31—Weld-Line Structure of Joint 41 


the welding time or energy conditions. Therefore, vari¬ 
ations in the welding schedule influence the structure 
the same as in air-cooled joints. 

In order to obtain a graphic comparison of the data 
from a metallographic investigation, the number of fer¬ 
rite grains per square millimeter was counted and plotted 
against the corresponding distance from the weld line, 
Fig. 32. The data on the grain count assume that there 
is little variation in size of the individual ferrite grains. 
Since this assumption is not valid in all zones, especially 
in the zone of incomplete transformation, the graphs are 
only suitable for comparison especially to give the loca¬ 
tion of the heat-affected zones. The graphs of the three 
air-cooled specimens also include 
the coiu^ of the maximum temp- 
Martensite eratures, awhile those of the last 

two specimens give the quenching 
temperatures instead. 

These graphs confirm the differ¬ 
ence in grain size between the 
surface and the center of the 
material. The fine grain zone be¬ 
gins at about 3, 5and8mm. (0.12, 
0.20 and 0.31 in.) from the weld 
line, depending upon the weld¬ 
ing time. The transition to the 
unaffected structure of the air 
cooled specimens is at about 10, 
16 and 22 mm. (0.39, 0.63 and 
0.87 in.) from the weld line; in 
the water-quenched specimens at 
12 and 20 mm. (0.47 and 0.79 in.), 
or somewhat closer to the weld 
line. As the plotted temperature 
curves show, the microstructures 
agree to some extent with the 
temperature measurements made 
on the other joints. Grain refin¬ 
ing begins in the boundary re¬ 
gions at the 720® C. (1330® F.) 
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Fig. 32 - Structural Comparisons of the 5 Joints Investigated from Table 4 
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Fig. 33—Location of the Recryetallixation Zones with Respect to 
the Wading Time 


limit, but is usually not completed at 900° C. (1650° F.^ 
while the overheated zone occurs from about 1100° C. 
(2010° F.) up. The graph of Specimen A9 shows how 
exceptionally sharp the transitions between the indi\'i(i* 
ual zones may be when welding takes place in 10 sec. 

Figure 33 shows the location of the fine grain zones in 
the various welds. From these graphs it may be seen 
that the weld zone and the transformation zone become 
wider with an increase in welding time. Quenching in 
water affects only the extent of the fine grain zone in the 
direction of the free ends, but not in the direction of the 
weld zone. Hence, recrystallization is not complete ot 
the sides toward the dies at the end of the welding cycle, 
but is continued by the heat which flows back from Uk 
weld zone into the work. 

{To be Continued in the next issue) 
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Metallurgical Factors of Underbead 

Cracking* 

! 

By S. L. Hoyt,^ C. E. Simst and H. M. Banta 


VER the past few years, metallic arc welding has 
been extended to steels of the hardenable type. 
As compared with other methods of fabrication, 
duction has been facilitated, service performance fre- 
aitly has been improved, and the over-all results have 
a so favorable that engineers and production men 
•e placed great emphasis on this application of welding. 
i metallurgist and welding engineer, however, have 
n confronted with new problems, since, for one reason, 
harder steels are more apt to crack and special pre- 
tions must be taken if sound joints are to be pro- 
sd. Some of the factors that are pertinent to this 
blera are metallurgical, and it is an object of this con- 
ution to discuss steel manufacture and processing 
hods and to show how their control assists in reduc- 
the hazard of cracking. 

y this time, the problem of cracking—specifically 
erbead cracking, or ‘‘hard cracks,” or parent-metaJ 
ks—is well known, and a large amount of work has 
1 published, both here and abroad, dealing with this 
iect.* The tests described are made under restraint 
acilitate cracking and are so designed that a semi- 
Qtitative, or at least a relative, value of the cracking 
lency is obtained. As one would expect, it has been 
rted that the incidence of cracking increases with 
carbon and alloy content of the steel. More specific 
the cracking tendency is said to increase with the 
lenability of the steel, though it is now recognized 
the situation is not so simple. The phenomenon 
F, on the other hand, has been but loosely described, 
it is in only broad generalizations that this cracking 
been related to steel metallurgy. Thus, while it has 
abundantly demonstrated that the hardenable air- 
; steel, S.A.E. 4130, must tend to crack when arc 
ed, the problem still remains of why two lots of 
same composition and the same hardenability can 
so greatly in cracking tendency, or what it is about 
prior metallurgical history that so strongly affects 
results. Further, while the efl&cacy of preheating 
postheating in preventing cracking is recognized and 
:ed in production, the mechanism by which they 
tion seems not to have been described, 
lese points are thought to be significant in the pro- 
ion of steel for fabrication by metallic arc wel^ng 
hence, of interest to mill and process metallurgists 
welding engineers. Consequently, it is another ob- 
of this paper to discuss the mechanism of parent- 

-printed frotn Metals Technology, June 1945. 
ttelle Memorinl Institute, Columbus, Ohio. 


metal cracking, including the influence of the condition 
of the steel and the control of cracking by manipulation 
of the time-temperature conditions during and after 
welding. 

A new method of rating the cracking tendency is also 
discussed, and the results of the test are related to steel 
composition and structure or prior history. 

The work to be described was the outgrowth of work 
in 1940-41 at Battelle Memorial Institute on two proj¬ 
ects, one of which involved the making and testing of 
simulated aircraft joints, * and the other a study of the 
utility characteristics of various welding electrodes in 
aircr^t welding.* Both investigations involved welding 
the aircraft steel S.A.E. 4130, and it was soon discovered 
that while steel procured for one project welded satis¬ 
factorily, that secured for the other developed annoying 
cracks. A preliminary check on composition and other 
characteristics gave no clue as to why this should be. 
The same was true of a check of the literature and dis¬ 
cussions with various metallurgists and welding en¬ 
gineers. It did develop, however, that the same thing 
had been observed by others, who were likewise unable 
to explain it, and mill metallurgists ran into the same 
peculiar behavior in their contacts in the field. It also 
developed that aircraft companies adopted the practice 
of preheating to avoid cracks developing in arc-welded 
structures, though it is probable that much of the steel 
could be welded without preheat. 

Ultimately, it became obvious that there were.some 
unknown factors, aside from chemical composition, that 
have an important bearing on parent-met^ cracking in 
production welding. The logic^ answer to such a situa¬ 
tion was a research aimed at uncovering the pertinent 
points and setting up a prescription for the production 
of steel that would give as great freedom from cracking 
as the analysis would permit. 

A “restricted” research project, NRC-514, was set 
up in 1942 by the Office of Production Research and 
Development of the War Production Board under the 
supervision of the War Metallurgy Committee of the 
National Academy of Sciences—National Research 
Council. This project was to investigate the factors 
affecting the craclang tendency of hardenable steels, 
aside from composition, in an attempt to improve the 
welding quality. This work forms the basis of the pres¬ 
ent paper, which has been released for publication by the 
Office of Production Research and Development. 

To supervise the project, the War Metallurgy Com¬ 
mittee appointed the following Project Committee: 
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Fif' l—Hinged Copper Welding Jig for Making Crack- 
Sensitivity Test 


A. J. Williamson, Chairman, Summerill Tubing Co. 

R. S. Archer, Republic Steel Corp. 

J. J. Chyle, A. O. Smith Corp. • 

G. Soler, Steel and Tube Div., Timken Roller Bearing 
Co. 

C. L. Hibert, Consolidated-Vukee Aircraft Corp. 

M. Nelles, Office of Production Research and Develop¬ 
ment, W.P.B. 

N. W. Fay, Iron and Steel Division, W.P.B. 

This Project Committee maintained close contact with 
the work in progress, and we are deeply indebted to 
their constructive criticism and advice. Though small, 
the Committee was wisely selected to cover steel manu¬ 
facture, steel processing and production welding. 

To describe the scope of fie investigation, it was the 
variable behavior of presumably similar steels when 
welded in the same way under standard shop conditions 
that drew attention to the problem. For example, while 
cracking can be eliminated by using a different weld rod 
or by changing the welding practice, the problem was to 
find out what factors other than composition caused the 
variable behavior when steels were welded under stand¬ 
ard conditions. This eliminates or holds constant cer¬ 
tain factors or variables that now are recognized as 
affecting the incidence of cracks. Thus, while cracking 
is found, under some circumstances, in a steel with only 

0.15% C and 1.2% Mn, of relatively low hardenability, 
even such a steel as S.A.E. 4340 is welded (under other 
conditions) without cracking. This comes about by the 
play of a number of factors, only a few of which are con¬ 


sidered here. In particular, we are not dealing with tht 
electrode, its size and type, the speed of welding or ratt 
of heat input, the joint design, the technique u^, pla:t 
thickness or temperature as factors that affect crackio; 
Instead, we are concerned with steel in the lighter gagti 
and methods of making and processing it to maintain, 
high level of welding quality. The welding conditics 
are held constant and are drastic enough at least to pn: 
duce cracking in steels of lower “weldability.” 
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Crack-sensitivity Test 

In order to establish the effect of the various met- 
lurgical factors upon weld-crack sensitivity, it was fc 
necessary to develop a usable crack-sensitivity test.* 

The test finally devised is based upon the actual 
tent of cracking developed in welded specimens thaU i 
made under severe but closely controlled condilior-l 
This procedure makes it possible to evaluate thecr«u: 
sensitivity to a much finer degree than is possible | 
tests based on hardness and, in fact, corrects ceruj 
false generalizations based on hardness. The test 
made by manually depositing a circular weld bead j 
approximately V/t in. outside diameter on a 2x2x ‘ • | 
steel specimen held in an appropriate jig as shown 
Fig. 1. Both jig and specimen are preheated to 100’- 
The bead is manually deposited in approximately 20 j- 
allowing *0.5 sec. deviation. A Wilson No. 

electrode (type .V.W.S., class E0013) is used with 
tive polarity at 50 to 55 amp. and 24 to 26 arc v- 
The specimen is quenched in ice water immediately 
welding and held at 60° F. for 24 hr., to permit cracki'- 
to develop. It is then drawn at 1050° F. for 1 hr- 
prepare it for the next step. The weld bead is then: 



a b ^ 

Fig. 2 Typical Circular Bead-Crack Sensitivity, W*W ■- 
Specimen 

a. Circular bead weld test. 

b. Bead side surface ground and Magnafluxed. 
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Table i.— Check Analysis of Commercial S.A,E, Steels 

Per Cent 


Steel No." 

C 

Mn 

P 

S 

Si 

Cr 

Mo 

Ni 

KV> 

557 

0.33 

0.54 

0.020 

0.026 

0.17 

Bi 

0.19 

0.2s 

0.027 

S8i 

0.34 

0.47 

1 

0.019 

0.021 

0.2s 

iil 

0.19 

0.24 

0.017 


« Steel S57 is insensitive and steel s8i sensitive. 
Aluminum values are the acid-soluble contents. 
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4- 3—£nd-Quench Haidenability Curves tor Steels 557 and 
581 

^lit-type hardenability specimen of standard Jominy dimen- 
s was used, the Vs-in. plate making up the middle section. 
T quenching, the middle section was removed and hardness 
TTTiinations made along the longitudinal center line. Speci- 
18 healed 1 hr. at 15^® F. 


,-ed by grinding flush. After grinding, the specimens 
Magnafluxed, and the total length of the cracks on 
bead side is measured in degrees and related to the 
liraum crack length possible, or 720°. The test is 
•trated in Fi^. 2. The test is also adaptable to Vie'ii^- 
'/rin. plate. 

xtensive use of this test has revealed that at least six 
imens are required for each steel tested. A control 
1 of known cracking tendency is' also run with each 
ip being tested, making it possible to assign to the 
Qown steel an index of crack sensitivity in terms of 


iBLE 2. —Tensile Properties of the Com- 
mercial S.A.E. 4130 Steels 


Steel No. 

Yield 
Strength,® 
Lb. per 
Sq. In. 

Tensile 
Strength, 
Lb. per 
Sq. in. 

Per Cent 
Elonga¬ 
tion, 

2 In. 

(insensitive). 

65,800 

94.100 

21.0 

(insensitive). 

64,800 

! 93.760 

22.0 

(sensitive). 

79.300 

99.450 

18.5 

(sensitive). 

79.700 

101,060 

18.0 


Yield strength determined from stress-strain 
ve using load at 0.2 per cent offset. 


the control. This approach was found necessary be¬ 
cause conditions could not be sufficiently duplicated 
from time to time to give a constant degree of cracking 
in a given steel. This seems now to be important in this 
field of testing, but since the difference in the degree of 
cracking between two steels was found to remain con¬ 
stant, even though the general level was shifted, the use 
of a control steel provided a means of overcoming the 
inherent variables associated with welding. The control 
used in this work was arbitrarily assigned an index value 
of 100, larger values indicating a less sensitive steel and 
lower values a greater degree of crack sensitivity. Steels 
having an index of 100 or above are classified as insensi¬ 
tive, while those in the range of 90 to 100 are regarded as 
borderline cases and those below 90 as crack sensitive. 
A mathematical appraisal, based on an extensive number 
of tests, revealed the accuracy of the index as practically 
always within the limits of ±3 and usually ±2. 

Comparison of Sensitive and Insensitive Commercial 
S.A.E. 4130 Steel 

Fortunately, there were available two lots of S.A.E. 
4130 steel that were practically identical in chemical 
analysis but differed widely in weld-crack sensitivity, 
steel 581 being extremely crack sensitive as compared 
with steel 557. These steels were in the form of Vs-in. 
plates processed to meet the “N condition” as required 
by the Army-Navy Specification AN-QQ-S-685. 

In order to determine what metallurgical factors might 
account for this difference in crack sensitivity, the chemi¬ 
cal analysis, tensile properties, hardenability and grain- 
growth characteristics were investigated. 

The check analyses of the two steels are practically 
identical (Table 1) except for the higher aluminum con¬ 
tent found in steel 557. Although hardenability char¬ 
acteristics usually are assumed to be associated with 



Fig. 4—Typical Tiina-Temperature Hoatiag and Cooling Cycla 
for Rapid Dilatometer Test 
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Table 3. —Results of Crack-sensitivity Test 
on Steels 557 and 581 “ 


Steel No. 

Specimen 

No. 

Total 

Length 

of 

Cracks, 

Deg. 

Average 

Total 

Lenph 

Cracks, 

Per 

Cent 

Crack- 

^nsi- 

tivity 

Index 

SS7 

I 

120 



SS7 

2 

120 

18.9 

100 

5S7 

3 

70 



SS7 

4 

270 



SS7 

5 

12C1 



SS7 

6 

120 



S8i 

I 

470 



S8l 

2 

. 360 



581 

3 

360 

54.6 

83 

S8i 

4 

380 



S8i 

S 

495 



S8l 

6 

29s 




® In this work, Steel SS 7 was used as the control and 
was assigned the index value of lOO. 


cracking tendencies, end-quench tests revealed little 
difference between these steels (Fig. 3 ). The tensile 
properties of steel 581 are the higher (Table 2 ), especially 
the yield strength. A study of the grain-coarsening 
characteristics showed that steel 581 was more sus¬ 
ceptible than 557 to grain growth at elevated tempera¬ 
tures. This would be expected from the difference in 
aluminum contents of these steels. 

The results of crack-sensitivity tests are shown in 
Table 3 . These data show that steel 581 cracked 54 . 6 % 
as compared with 18 . 9 % for steel 557 , the relative ratings 
being 83 and 100 , respectively. These results are in 
good agreement with previous observations in welding 
these two steels. However, the reason for this marked 
difference in crack sensitivity is not obvious, in view of 
the similarity in chemical analysis and hardenability; 
and there is no reason to believe that the differences in 
physical properties or aluminum contents should directly 
affect the sensitivity to any appreciable extent. 

Temperature-dilation Characteristics Using Rapid 
Thermal Cycle 

Since metallic arc welding develops extremely rapid 
heating rates in the metal adjacent to the bead imme¬ 
diately followed by accelerated cooling, it appeared de¬ 
sirable to investigate the relative response of the sensi¬ 


tive and insensitive steel to rapid thermal cycles. Hiis 
phase of the work was carried out by means of tempera¬ 
ture-dilation studies using a rapid heating and cooling 
cycle. A typical time-temperature cycle is shown in 
Fig. 4 . Slow heating and cooling rates were also usei 
for comparison purposes. 

The transformation temperatures observed when using 
the two heating and cooling cycles, together with otbc 
pertinent data, are shown in Table 4 ; die cooling cuntf 
for both cycles, in Fig. 5 . 

From Fig. 5 it will be observed that when a slow heat 
ing and cooling cycle is used, the crack-sensitive steel o', 
has the higher Arj temperature. When the rapid cyrfe 
is employed, this situation is reversed, the sensitive steei 
581 having the lower apparent Ars temperature. Tht 
reason for this is suggested by the microstructures c; 
these two steels as shown in Fig. 6. The fine carbide 
in the sensitive steel go into solution more rapidly, yield 
ing a more highly alloyed austenite with a lower tran; 
formation temperature. 

The difference in crack sensitivity of these two steels 
may be explained in a similar manner. During the shon 
interval that the metal in the heat-affected zone is at ar 
elevated temperature, the fine carbides in the sensitive 



OllATATION 

Hg. S—Dilatonetei Cooling Curves, for Both Slow and RapH 
Theixnal Cycles, of Steels 557 and 581 


Table 4. —Results of Dilatometer Test Data 


Steel 

No. 

Thermal 

Cycle 

Average Heating 
Rate Detween 

80® and i8oo®F., 
Deg. per Min. 

Time at 
Maximum 
Temperature, 
Min. 

Average Cooling 
Rate between 
1800® and 700®F., 
Deg. per Min. 

Transformation Temperature, 
Deg. F. 

Aci 

Acs 

An 

An 


Slow 

41 

18 

18.3 

1360 

1460 

1310 

1210 

MTTM 

Slow 

43 

19 

18.3 

1370 

1470 

1345 

' 1240 


Rapid 

450-500 

0 

275-300 

1400 

1490 

1020 

940-830 

HI 

Rapid 

450-500 

0 

275-300 

■ 

1390 

1470 

980 

900-800 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


436-8 


SEPTEMBER 























Fig. 6—Two Commercial S.A.E. 4130 Steels 
That Differed Widdy in Crack Senntivity. 
X 1000. Nltal Etch 

a. Steel 557, insensitive. 

b. Steel 581, crack-sensitive. 


a 


b 


Table 5 . —Efect of Thermal Treatment 
upon Crack Sensitivity 


Steel 

No. 

Thermal Treatment 

Crack- 

sensi¬ 

tivity 

Index 

557 

As received. “Condition N” 

100 

581 

As received. “Condition N” 

83 

557 

Annealed 

IIS 

581 

Annealed 

H7 

557 

Annealed and normalized 

114 

S8l 

Annealed and normalized 

125 

557 

Homogenized and normalized 

82 

S8l 

Homogenized and normalized 

89 


steel go into solution more completely. Upon cooling, 
this high-carbon austenite establishes conditions favor¬ 
ing the mechanism by which cracks are.formed. Coarser 
and less rapidly soluble carbides produce austenite of 
lower carbon and alloy content. The longer holding 
times of ordinary heat treatment eliminate this difference 
in behavior, as is shown by the hardenability tests. 

Effect of Structure and Thermal History upon Crack 
Sensitivity 

Since the data up to this point indicate that the struc¬ 
ture may be an influential factor in crack sensitivity, the 
subject was further investigated by determining the crack 
sensitivity of various structures developed in steels 557 


and 581 . The following heat treatments were used for 
this purpose: 

1 . Annealing to coarsen the carbide particle size. 

2 . Annealing followed by normalizing at 1900 ° F. for 
1 hr. 

3 . Homogenizing for 100 hr. at 1900 ° F. followed by 
normalizing from 1900 ° F. 

These thermal treatments had a marked influence 
upon the sensitivity of the two steels (Table 5 ). Anneal¬ 
ing greatly reduced the crack sensitivity of each steel; 
both steels having practically the same index number. 
Even more significant, norm^zing at 1900 ° F. for 1 hr. 
did not begin to obliterate the influence of the prior 
annealing treatment. This indicates that the effect of 
the final thermal treatment may be practically nullified 
by the influence of the prior thermal history. The 
homogenizing treatment, followed by normalizing, de¬ 
veloped the maximum crack sensitivity, the structure 
in both steels being very fine and both having essentially 
the same cracking index. 

In these two steels, the difference in the carbide size 
in the as-received condition is fairly obvious from the 
microstructure. In some steels tested during the in¬ 
vestigation, however, differences in carbide size could 
not be detected visually, after treatments designed to 
promote differences and when the rapid dilatometer and 
crack-sensitivity tests indicated that such differences 
did exist. 

Effect of Aluminum and Titanium Upon Crack 
Sensitivity of S.A.E. 4130 Steel 

Since the examination of the two commercial steels re¬ 
vealed that coarse carbide steels were insensitive because 


Table 6 .—Chemical Analyses of Experimental Steels S.A.E. 4130 

Per Cent 


Heat No. 

C 

Mn , 

P i 

j 

S 

Si 

Ni 

Cr 

Mo 

Ti 

AI« 

9626-1 

0.36 



0.029 

0.40 i 

0.03 

1.00 

Ri 



9626-2 

0.36 



0.029 

0.40 1 


0.99 1 

■Bl 



9626-3 

0.37 



0.029 

0.44 


1.00 j 

1 '1 


0.2s 

mM 


• Aluminum values are the acid-soluble contents. Ferrotitanium accounted for 0.03 per cent Al. 
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Table 7 .—Tensile Properties of Heat 9626 


Heat 

No. 

Deoxidation 

Yield 
Strength, 
Lb. per 
Sq. In. 

Tensile 
Strength, 
Lb. per 
Sq. In. 

Elonga¬ 
tion, 
Per 
Cent 
in 2 

In. 

9626-1 

No aluminum 

98.330 

128,000 

13.S 

9626-1 

No aluminum 

98.330 

128,760 

12.s 

9626-2 

Aluminum 

97,860 

129.930 

13.S 

9626-2 

Aluminum 

97,040 

128,620 

13.S 

9626-3 

A 1 and Ti 

84,030 

124,130 

17.5 

9626-3 

A 1 and Ti 





the carbides are less readily soluble, and that aluminum 
content might be a factor in weld-crack sensitivity, these 
two factors were further investigated by means of in¬ 
duction-furnace heats. 

A 3 (X)-lb. induction-furnace heat of S.A.E. 4130 was 
split into three parts, the first ingot being poured without 
an aluminum addition. The remainder of the steel in 
the furnace was deoxidized by an addition of iVs lb. of 
aluminum per ton, after which the second ingot was 
poured. Sufiicient ferrotitanium was then added to the 
furnace to yield a titanium content of 0 . 25 % in the third 
ingot. The purpose of -this large addition of titanium 
was to form titanium carbides, which are extremely 
stable at high temperatures and therefore should decrease 
the crack sensitivity provided that carbide solubility is 
a factor. The chemical analyses of these three st^s, 
which are identified as heats 9626 - 1 , 2 and 3 , are shown 
in Table 6. 

All tests discussed in the following text were conducted 
on stock processed as follows: 

1 . Ingots forged and hot-rolled to strips. 

2 . Annealed at 1300 ° F. for 12 hr. 

3 . Cold-rolled to 0 . 125 -in. gage. 

4 . Annealed at 1300 ° F. for 12 hr. 

5 . Normalized in a salt bath at 1640 ° F. for 1 hr. 

6. Drawn for 1 hr. at 900 ° F. 

Mechanical Properties 

Table 7 indicates that the properties of the aluminum- 
free and the aluminum-treated steels are essentially 


Table 8 .—Dilalometer Data from Heat 9626 


9626-1 

9626-2 

9626-3 


Average 
Heating 
Rate 
between 
80® and 
i8oo®F.. 
Deg. per 
Min. 


Average 
Cooling 
Rate 
between 
1800® and 
7 oo®F., 


Transformation 
Temperatures, 
Deg. P. 


eg. per 
Min. 

Aci 

Acs 

300 

1360 

1440 

306 

1370 

1490 

347 

1370 

1490 


• Cooling curve not sufficiently sharp to locate An 
and An points; see Fig. 9 - 

^ Split transformation; se6 Fig. 9. 


identical. In the third steel, the addition of titanium 
decreased the ultimate and the yield strength, the effect 
being much more pronounced on the latter. Accoo 
panying the decrease in tensile strength, there was the | 
usual increase in elongation. 

Microstruclure 

The structures prior to normalizing are shown in Fi? 

7 . At this stage of processing, the steels are in a spbe 
roidized condition. The carbides in the alumtnum-killec 
steel are appreciably larger than those in the aluminum 1 
free steel, the smallest carbides being found in the I 



b 


fig. 7—Annealed Structuiea. X 1000. Nital Etch 


a. Steel 9626-1, no aluminum. 

b. Steel 9626-2, l‘/» lb. A1 per ton. 

c. Steel 9626-3, treated with A1 and Ti. 


aluminum-titanium steel. These results demonstrate 
that aluminum promotes carbide coalescence and that 
the addition of titanium apparently promotes nucleaticr. 
of the carbide and produces a finer dispersion. 

The normalized and drawn structures, the conditK^t: 
in which the steels were tested, are shown in Fig. 8. Th' 




Fig. 8 —Normalixed Struchues. X 1000. Nital Etch 

a. Steel 9626-1, no aluminum. 

b. Steel 9626-2, I'/i lb. Al per ton. 

c. Steel 9626-3, treated with Al and Ti. 

aluminum-free steel has an extremely large grain size 
with a more uniform distribution of carbide and smaller 
ferritic areas as compared with the other two steels. 
There is some difference in the aluminum and aluminum- 


Table 9 .— Summary of Crack-sensitivity 
Data from Heat ^626 


Heat 

No. 

Deoxidation 

Average 
Total 
Length of 
Cracks, , 
Per Cent 

Crack 
Sensitivity 
* Index 

. 9626-1 

No aluminum 

57.2 

mm 

9626-2 

Aluminum 

14.8 


9626-3 

Al and Ti 

II .0 


557 “ 


43.9 

mm 


« Steel SS7 used as control. 


titanium steels, the latter having coarser carbide par¬ 
ticles in the pearlite. 

Rapid Dilatometer Tests 

The dilatometer characteristics of the three steels were 
determined using the rapid heating and cooling cycle 
previously discussed. The data pertaining to these 
tests are shown in Table 8 and the cooling curves in Fig. 
9 . It is obvious from the cooling curves that tempera¬ 
ture-dilation characteristics of these steels vary widely. 

The steel made without aluminum, No. 9626 - 1 , has a 
much lower apparent Arj temperature than the steel 
treated with aluminum and aluminum titanium. These 
results indicate that a higher alloyed austenite was de¬ 
veloped during the rapid heating of the aluminum-free 
steel than in Ibe two treated steels. Since the chemical 
analyses of these steels are almost identical, the low Arj 
temperature of the aluminum-free steel signifies that the 
carbides of this steel are more readily soluble. 

The cooling curve of the aluminum-killed steel shows 
that transformation starts at a relatively high tempera¬ 
ture, 1240 ° F., which is approximately 140 ° F. higher 
than the similar point in the aluminum-free steel. Ob¬ 
viously, this reveals that the carbides in the aluminum- 
killed steel are less soluble than in the aluminum-free ma¬ 
terial. The cooling curve of the aluminum-treated steel 
(Fig. 9 ) is relatively straight as compared with the S- 
shaped curve produced by the first steel. 

The titanium-treated steel showed a typical split 
transformation during cooling, the first and principal 
transformation occuriing between 1300 ° and 1200 ° F. 
The second transformation, which was of small magni¬ 
tude, took place between 975 ° to 750 ° F. This curve 
indicates that most of the austenite formed during the 
short heating cycle was of relatively low carbon or alloy 


Table io.— Chemical Analyses of Heat 10093 

Per Cent 


Heat No. 

B 

Mn 

P 

s 

Si 

Cr 

Mo 

Ni 

Al« 

10093-1 

0.35 

0.56 

0.010 

0.027 

0.24 

0.87 

0.26 

0.03 

0.02 

10093-2 

0.34 

o.s6 

0,011 

0.027 

0.25 

0.89 

0.27 


0.05 

10093-3 

0.34 

0.56 

O.OII 

0.026 

0 . 2 $ 

0.89 

0. 25 


0.09 

10093-4 

0.34 

0.57 

O.OII 

0.026 

0.25 

0.89 

0. 22 


0.12 


• The aluminum values are the acid-soluble contents. 


1945 


UNDERBEAD CRACKING 


Diniti7Rd by LnOOQle 


439-s 







































Fig. 9—Dilatometei Cooling Curves Showing Effect of Aluminum and Titanium Additions 


content, as revealed by the high temperature at which 
the first transformation occurred, small areas of a higher 
carbon concentration producing the lower transforma¬ 
tion. These results indicate that the carbides in the 
titanium-treated steel are the least soluble. 

Considering the first two steels, 9626-1 and 2 , it is 
obvious from the dilatometer data that the normalizing 
treatment, although carried out at 1640 ° F. for 1 hr., did 
not obliterate the effect of the carbide size that was es¬ 
tablished during annealing. While the carbide size in 
the annealed titanium sted was smaller than in either of 
the other steels, the difference in size was more than 
compensated for by the occurrence of titanium carbide, 
whi<h is more stable than iron and chromium carbides at 
elevated temperatures. 

Crack-sensitivity Tests 

The results of crack-sensitivity tests on steels 9626 - 1 , 
2 and 3 are summarized in Table 9 . These data reveal a 
marked difference in the sensitivity of the aluminum- 
free steel as compared with the other two, the former 
having a sensitivity index of 94 as compared with 115 and 
118 for the aluminum and the aluminum titanium- 
treated steels. 


Table ii. —Tensile Properties of Heat 

10093, I 


Heat No. 

Yield 
Strength, 
Lb. per 
Sq. In. 

Tensile 
Strength, 
Lb, per 

Sq. In. 

Elongation, 
Per Cent in 
2 In. 

10093 • I 

92,190 

119.380 

15.0 

I 0093 -I 

92,940 

120.550 


10093-2 

94.300 

120.180 


10093*2 

90.920 

118.620 


10093-3 

91,670 

119.430 


10093-3 

93.590 

120,620 


10093-4 

92,560 

120,000 


10093-4 

91,860 

119.S10 

IS .5 


« Specimen broke short. 


End-quench HardenabUity 

Rounds for Jominy end-quench hardenability tesL« 
were forged from each of the three ingots, followed by 
normalizing at 1650 ° F. for 1 hr. The standard tea 
specimens were then heated to 1650 ° F. for 1 hr. and 
quenched in the conventional manner. The results o:' 
these tests are illustrated graphically in Fig. 10 . 

The hardenability curves for the aluminum-free and 
the aluminum-treated keels are practically identical, tht 
titanium addition decreasing the hardenability (wher 
the usual quenching temperature is used) to an appre¬ 
ciable extent. These data again illustrate that harden¬ 
ability, as determined by the Jominy end-quench proce¬ 
dure, is not necessarily a measure of the crack sensitivity. 
It has been suggested that if end-quenched test bafi 
could be heated to the quenching temperature in a period 
of 2 or -3 min. a direct correlation might be found between 
the crack sensitivity and the hardenability, provided the 
microstructures of the two specimens wete similar and 
had been arrived at by similar processing. However, 
this may not be strictly true because, as will be men¬ 
tioned later, hardening and cracking appear to relate to 
somewhat different phenomena. For determining the 
effect of structures on cracking, the rapid dilatometer 


Table 12 . —Summary of Crack-sensitivity 
Data Heat 10093 , Lot No. 1 ® 


Heat No. 

Aluminum 
Addition, 
Lb. per Ton 

1 

Average 
Total 
Length 
of Cracks, 
Per Cent 

Crack- 

sensitivity 

Index 

10093-1 

1 

73.9 

84 

10093-2 

2 

62.8 

89 

10093-3 

3 

54 0 

93 

10093-4 

4 

53.4 

94 


« These steels were hot-rolled, annealed, cold-rolled, 
normalized, and drawn. 
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Fig. 10—lominy Ziul>Quencli Hardenability Curves for Steels 
9226.1, 9226.2 and 9226-3 


test is simple and accurate and has been valuable as an 
indirect check of the cracking tendency. 

Effect of Aluminum Additions, Ranging from 1 to 
4 Lb. per Ton, Upon Crack Sensitivity 

Since it was demonstrated that the crack sensitivity 
of S.A.E. 4130 can be decreased to an appreciable extent 
by deoxidation with 1V» lb. of aluminum per ton, it 
appeared advisable to investigate the effect of altuninum 
in greater detail and over a much wider range than would 
normally be used in this or similar grades of steel. 

A 300 -lb. induction-furnace heat, No. 10093 , was made 
and poured into a number of ingots, which were. deoxi¬ 
dized with aluminum additions ranging from 1 to 4 lb. 
per ton. All aluminum additions were made to the metal 
while in the furnace. The chemical analyses, including 
the acid-soluble aluminum content of these four steels, 
are shown in Table 10 . With the exception of aluminum 
content, these four steels may be considered identical. 

After foiling and hot rofUng to 0.250 in., the stock 
from each ingot was divided into two lots and processed 
as follows: 


Table 13. —Tensile Properties of Heat 


10093, ^<^1 2* 


Heat No. 

Yield 
Strength, 
Lb. per 
Sq. In. 

Tensile 
Strength, 
Lb. per 
Sq. In. 

Elongation, 
Per Cent 
in 2 In. 

10093-1 

90,410 

119,680 

mm 

10093-1 

91,510 

120,480 


10093-2 

92.540 

119,000 


10093-2 

93,040 

120,000 


10093-3 

90.730 

119.040 


10093-3 

92.220 

119,840 


10093-4 

91,340 

119,600 


10093-4 

92,220 

120,040 

rnsm 


Lot No. 2 

1 . Hot-rolled to 0.170 in. 

2 . Annealed for 8 hr. at 1250 ° F. 

3 . Cold-reduced to 0.125 in. 

4 . Normalized at 1650 ° F. for V* br. 

5 . Drawn at 900 ° F. for 1 hr. 

Lot No. 2 

1 . Normalized at 1650 ° F. for 1 hr. 

2 . Drawn at 900 ° F. for 1 hr. 

Properties Developed in Lot No. 1 

From the chemical analyses and tensile properties, 
listed in Tables 10 and 11 , it appears that steds 10093-1 
to 4 are practically identical with the exception of the 
aluminum content. 

The effect of aluminum content upon the crack sensi¬ 
tivity is shown in Table 12 . There is a marked decrease 
in sensitivity as the aluminum content (acid-soluble) is 
increased from 0.02 to 0 . 09 %. Above the latter value, 
the effectiveness decreases to the point where there is 
little to be gained from additional aluminum. 

These data clearly illustrate the marked decrease in 
sensitivity that may be obtained, with no sacrifice in 
tensile properties, by increasing the aluminum content 
from the conventional value of 0.02 or 0 . 03 % to 0 . 09 % 
when using this type of processing practice. 

Properties Developed in Lot No. 2 

The steels in lot No. 2 were processed, as previously 
outlined, by hot rolling to Vi-in. gage, followed by 
normalizing at 1650 ° F. and a 900 ° F. draw. 


Table 14 .— Summary of Crack-sensitivity 
Data Heat 10093, Lot No. 2* 


Heat No. 

Aluminum 
Addition, 
Lb. per Ton 

Average 
Total 
Length of 
Cracks, 
Per Cent 

Crack- 

sensitivitv 

Index 

10093-1 

z 

55.5 

7 $ 

10093-2 

2 

57.9 

77 

10093-3 

3 

55-3 

7S 

i 0093 - 4 > 

4 

39.3 

85 


«These steels were hot-rolled, normalised, and 
drawn." 


* See text regarding crack-sensitivity values for steel 
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The teusile properties and crack-sensitivity values of 
these steels are shown in Tables 13 and 14 . The tensile 
properties of all four steels are in very good agreement. 
From the crack-sensitivity data, it is obvious that the 
sensitivity of these steels was not affected by aluminum 
content as steels 10093-1 to 3 , inclusive, have essentially 
the same index values. 

The sensitivity of steel 10093-4 is somewhat out of line 
with the results obtained from the first three ingots, and 
this value is questioned. There was not sufficient stock 
to repeat the test. 

These data indicate that in these hot-roUed and 
normalized steels (i.e., which had not been given a sphe- 
roidizing anneal), the crack sensitivity was not influenced 
by aluminum content and was rather pronounced in all. 

Comparison of Lots Nos. 1 and 2 

The principal difference in the processing of these two 
lots was that lot No. 1 received cold-rolling and anneal¬ 
ing treatment and lot No. 2 did not. Both steels were 
normalized and drawn as the final treatment. This in¬ 
dicates that the effect of aluminum is indirect and that 
it decreases the sensitivity by accelerating the rate of 
carbide coalescence during annealing. Previous work 
in this investigation had demonstrated that the sensitiv¬ 
ity is reduced by increasing the carbide size prior to 
normalizing. Therefore, the explanation concerning 
aluminum appears satisfactory, since it accounts for the 
beneficial results obtained by the processing prior to 
normalizing. It is also in agreement with the fact that 
no improvement was obtain^ from increased aluminum 
content in the hot-rolled and normalized steels. In the 
latter, there was no opportunity for carbide growth, so 
the aluminum had no effect upon crack sensitivity. 

Figure 11 shows a comparison of the sensitivity of lot 
No. 1 with that of lot No. 2 . This figure reveals the ad¬ 
vantage of a combination of high-^uminum contents 
and processing prior to normalizing. Care must be exer¬ 
cised in the annealing treatment, since overannealing 
will result in a decided decrease in the tensile properties, 
especially the yield strength. Such steels are always 
extremely insensitive. 

Crack Sensitivity and Strength 

As work progressed on structure, or on aluminum addi¬ 
tions and processing, it became clear that securing a low 
level of cracking entailed some loss of strength. The 
data of Table 2 suggested that this loss might even be 
serious from the standpoint of securing both good weld¬ 
ability and adequate strength in the same steel. More 
extended experience on this and other problems has 
shown that both can be varied appreciably, so that se¬ 
curing the desirable combination requires both the alu¬ 
minum deoxidation and the spheroidization of the 
carbides. With 2 lb. of aluminum per ton, a moderate 
to medium amount of cold-work and the usual subcritical 
anneal produce a good structiire. The subsequent nor¬ 
malizing is then controlled to give the required properties. 
Tests of this point show that standard normalizing does 
not alter the structure sufficiently to vitiate the weld¬ 
ability; in fact, to do that, temperatures in excess of 
1900 ° F. are required. 

An Investigation of Postheating 

The effect of postheating conditions upon ithe extent 
of underbead cracking was investigated by making cir¬ 
cular bead-crack tests on the sensitive steel 581 . For 
these tests, the welding jig was modified by the addition 



Fig. 11—Effect of Processing and Aluminum Content Upon 
Crack Sensitivity 

This graph shows that the crack sensitivity decreases with ir. 
creased aluminum content only when the steel is annealed p:.:r 
to normalizing. 

of electric heating elements and a control system lor 
maintaining the desired temperature. The jig anc 
specimen were preheated to the test temperature and the 
circular bead was deposited as usual. The preheatin: 
was regarded only as a means of starting the postheat a: 
the desired temperature and, as far as could be deter 
mined, does not have any other influence on the welding 
results. 

Postheating conditions, ranging from room tempera 
ture to 1000 ° F. in steps of approximately 100 ° F., and 
time intervals of holding the test samples varying froc 
1 sec. to 24 hr. at each temperature, were investigated 
The time range was covered in 17 steps, selected to give 
the maximum accuracy over the range of rapidly chang j 
ing properties. 

A summary of the data is shown in Fig. 12 . Thes< 
data need some explanation. While the tests were nir. 
as stated, the temperatures—“average effective ten- 
perature”—are those of the heat-affected zone adjacent 
to the weld bead as determined pyrometrically. Thi> 
procedure was adopted to give a better understanding o: 
the metallurgical conditions to which the test sampler 
were subjected. This appears to distort the curves in 
the high-temperature region—i.e., for the short-tiox 
interv^s when the welding heat overbalances the direct 
heat from the jig—but the effect is relatively small it 
the low-temperature region with longer holding times 
For postheating below about 500 ° F. the curves give at 
approximate idea of the times required to complete thi 
austenite transformation and prevent cracking. The 
upper right region, which was only partly explored, shows 
that relatively long times would be requir^ to prevent 
cracking if too high postheating temperatures were used 
Furthermore, these results apply directly only to th 
welding conditions actually used, though in principle the' 
are thought to hold for other conditions as well. 

This chart consists of contour lines, each line represent 
ing a definite level of improvement obtained in the cract 
sensitivity index rating by using the indicated postheai- 
ing temperature and time of holding at teraperaiuns 
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Thus by postheating at 600 ° F. for 1 min. the index 
-was raised by 40 points. It will be noted that a marked 
improvement can be obtained by the proper selection of 
po^heating conditions and that less time is required, in 
general, at the higher temperatures, up to about 1000 ° F. 

While the cracking data were being collected, hard¬ 
ness surveys were made of the heat-affected zones in the 
crack-sensitivity specimens used in the postheating 
study. The maximum hardness developed in the heat- 
affected zone related to the incidence of cracking is shown 
in Fig. 13 . These data reveal a good correlation between 
hardness and degree of cracking in the extremely hard 
and the S(rft specimens. • However, with hardnesses of 
about 500 to 575 V.H.N. in the heat-affected zones, it 
was found that the crack sensitivity varied with the 
postheating history over a wide range. The reason for 
this apparent inconsistency was found in the micro¬ 
structure, the type of martensite shown in Fig. 14 being 
associated with cracking while the martensitic structure 
in Fig. 15 was not, or at least not to the same degree, al¬ 
though both structures were in the same hardness range. 

The information obtained from this study indicated 
that the changes in properties of the heat-affected zone 
resulting from postheating may be predicted from an 
S-curve, taking into account that such surves are con¬ 
structed from data obtained under ideal conditions, 
which permit transformation at constant temperatures. 
For most practical purposes, it appears that the post¬ 
heating conditions that yield the most satisfactory re¬ 
sults for freedom from cracking and high strength cor¬ 


respond to the conditions in the 
S-curve that are most favorable 
to the formation of bainite. To 
avoid cracking, the sole require¬ 
ment for the test conditions em¬ 
ployed was observed to be the 
practically complete transforma¬ 
tion of the austenite that the 
welding heat produces alongside 
the weld. At high postheats the 
time required may be short or 
long, depending on the tempera¬ 
ture and the S-curve data, but the 
heat-affected zone is soft and 
weak. Intermediate tempera¬ 
tures are best suited to give short 
times of postheat and maintain 
high strength in the heat-affected 
zone. Lower temperatures will 
eliminate cracking but the time is 
unduly lengthened and the heat- 
affected zone may be too hard 
and brittle. 

It is obvious that the control of 
postheating to eliminate cracking 
follows S-curve data, but it is also 
clear that the variable tempera- 
Ime in the heat-affected zone 
superimposes another effect, 
which modifies the time-tem¬ 
perature relations. 


The Cracking Phenomenon 

Inasmuch as the objective of 
this investigation was that of 
avoiding cracking when the 
hardenable steels were arc welded, 
an understanding of the crack¬ 
ing phenomenon was highly de¬ 
sirable. As pointed out in the 
introduction, no authoritative statement on this point 
was available, but certain ideas were developed that led 
to the following conception of the broader aspects of 
underbead cracking. This picture includes the effects 
of the delayed transformation of retained austenite, hy¬ 
drogen absorption and stresses. 

The presence of retained austenite was suspected from 
the finding that cracking occurred at about room tem¬ 
perature and that it progressed thereafter for a period of 
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hours, A check by an X-ray method confirmed its pres¬ 
ence, and this was held to be consistent with the results 
of the dilatometer tests and the effect of structure. The 
work on postheat treatment supported this idea, since, 
regardless of the hardness of the heat-affected zone, 
cracking was eliminated by causing the austenite to 
transform completely at some higher terapei^^ture. On 
this basis cracks are associated with the white martensite 
of Fig. 14 , not because that structure is hard or brittle or 
weak but because that structure comes from the low- 
temperature transformation of austenite. 

The effect of hydrogen absorption on underbead crack¬ 
ing has been discuss^ by Herres,* who shows the vital 
role played by this gas. He suggests that the pressures 
produced when this gas precipitates at discontinuities 
may exceed the strength of the metal. Tests made in 
the present investigation completely substantiate his 
findings that hydrogen is necessary, and it was shown, for 
example, that the crack-sensitive steel 581 was crack free 
when welded in the crack-sensitivity test with a non¬ 
gassing weld rod. 

It has been observed that imderbead cracking always 
occurs in the most purely martensitic areas. This ma- 
tenal has a strength in the neighborhood of 300,000 psi. 
and the stress that cracks it must exceed that figure. 
It is obvious, then, that shrinkage stresses alone are quite 
inadequate to initiate such cracks when it is realized 
that ^e unaffected parent metal has a yield strength 
under 100,000 psi. 

It has been demonstrated that retained austenite and 
the delayed decomposition to martensite play a vital part 
in the cracking. At the same time, decomposition of the 
retained austenite at room temperature in the absence 
of hydrogen does not cause cracking, and the fairly rapid 
decomposition of austenite at temperatures above 500 ® 
F. also does not lead to cracks. 

Fitting these observations together, the mechanism 
seems to be as follows: During the welding operation 
with the usual weld rod, quantities of hydrogen are dis¬ 
solved in the weld bead. This diffuses rapidly into the 
parent metal, which is heated above the tran^ormation 


temperature. Hydrogen is soluble in austenite at all 
temperatures but is practically insoluble in cold feniu 
or martensite. When the heat-affected zone transfonns, 
therefore, hydrogen is rejected from all areas except those 
that remain austenitic. In these areas of austenite the 
hydrogen concentrates to relatively high values. When 
they later transform at room temperature and hydrogen 
is rejected, with no place to go, enormous aerostatic 
pressures are set up, which disrupt the adjacent stnictuie 
even though it be hardest martensite. TTie cracks thu? 
formed are imdoubtedly quite small, and the principal 
function of thermal stresses probably is tt) cause the 
cracks to grow to visible size. This growth has been ob¬ 
served frequently and was demonstrated in the counc 
of the present investigation. If this austenite is trans¬ 
formed at elevated temperatures, the hydrogen can 
diffuse sufficiently to prevent the maximum stress. Thb 
is a common experience with shatter cracks, which are 
never produced at temperatures above 400 ° F. 

It follows, therefore, that the more hardenable steds 
are in general more crack sensitive because they tenc 
more to retain austenite. Likewise, with g^reater solu 
tion of the carbides, the likelihood of retaining austenite 
is greater. 

The very nature of the arc-welding process, with iu 
steep temperature gradients, is ide^ to set up local 
stresses of high magnitude, though the magnitude wil 
depend on the degree of restraint imposed. While the« 
stresses in themselves seem inadequate to cause crackin? 
in the martensite, they are additive to the aerostatic 
stresses of the rejected hydrogen and might logically t* 
the straw that breaks the camel’s back. This is in line 
with the experience that sometimes cracks may foro 
when welding is done under conditions of restraint bui 
not when there is no restraint. 


Technical Control 

The work described herein relates to light-g^e ma¬ 
terial and particularly to processing, which include 
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cold-rolling and subcritical annealing. Without alumi¬ 
num deoxidation (2 lb. per ton) this processing is not as 
effective in coarsening the carbides; hence it is desirable 
to make steels of the S.A.E. 4130 class to fine-grained 
practice. Fortunately the spheroidizing effect is not 
eliminated by production normalizing, and that step can 
be set up to meet the requirements for mechanical prop¬ 
erties. Additional experience, not reported here, does 
suggest, however, that overspheroidization decreases the 
crack sensitivity more than is needed and increases the 
difficulty in meeting the strength required, particularly 
the yield strength. 

The present contribution is advanced as a discussion 
of the fundamental principles involved in this field of 
metallurgy, or as a guide to the establishment of suitable 
practice. When the hardening elements are on the low 
side, the need of this control is less, but as the hardening 
elements increase, the effect of structure becomes more 
pronounced and the maintenance of good weldability 
requires a control of structure. 

Conclusions 

While this paper is essentially the conclusions of 
several years’ work, together with a limited amount of 
supporting data, the results may be briefly summarized 
as follows: 

1 . The relative underbead cracking tendencies of 
hardenable steels, such as S.A.E. 4130 , may be deter¬ 
mined by a simple weld test made under carefully con¬ 
trolled conditions. 

2 . The extent of underbead cracking, crack sensitiv¬ 
ity, can be correlated with the dilatometric character¬ 
istics obtained in a rapid thermal tyde. 

3 . The structure, as determined by the manufactur¬ 
ing and thermal history of the steel, has a marked effect 
upon the weld-crack sensitivity, a coarse carbide struc¬ 
ture being less crack sensitive. 

4 . Increased aluminum content decreases the crack 
sensitivity of steels that have been annealed during proc¬ 
essing prior to the final normalizing, the reason being 
that aluminum increases the rate of carbide coalescence 
during annealing. 

5 . The addition of sufficient titanium decreases the 


crack sensitivity because of the formation of extremely 
stable carbides. 

6 . The effect of postheating may be predicted from 
the S-curve, the most favorable strength to cracking 
ratio being obtained from the conditions most favorable 
to the formation of bainite. 

7 . With the exception of conditions of extremely high 
and low hardness in the heat-affected zone, no corrdation 
was found between the hardness and the extent of crack¬ 
ing. 

8 . The origin of underbead cracks is thought to be in 
very high loc^ aerostatic stresses developed by the sud¬ 
den release of hydrogen during the low-temperature 
transformation of sm%U areas of residual austenite where 
the hydrogen had concentrated during the transformation 
of the greater portion of the heat-affected zone. 

9 . Restraint and thermal stresses in a weld are not 
primary causes of underbead cracks but are responsible 
for their propagation. 
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Addendum 

Since this work was (xtmpleted and written up, several 
papers on underbead cracking have come to the authors' 
attention. These appear in the Transactions of the In¬ 
stitute of Welding (July 1944 ), and have been published 
in The Welding Journal for December 1944 . These 
papers show the effect of hydrogen in producing parent- 
metal cracking and also bring out the role played by 
stresses, particularly when the welding is done under 
restraint. Retained austenite is mentioned by RoUason, 
but only a summary of his paper is printed, and it is not 
clear how much weight is assigned to this constituent or 
just what role it has in the cracking phenomenon. These 
papers give a valuable and timely contribution to the 
welding of hardenable steels. 


MEETING OF A.F.A. 

New officers and directors of the Ameri¬ 
can Foundrymen's Association were 
elected at a 1945 Administration (Congress 
held July 17-19th, at the Palmer House, 
Chicago. The three-day meeting held on 
an invitational and delegate basis in ac¬ 
cordance with ODT regulations, brought 
together both national and local leaders of 
the Association for framing policies and 
activities on behalf of the foundry indus¬ 
try during the coming year. 

Election of Officers 

The following national officers and di¬ 
rectors were elected in accordance with 
the Association By-Laws: 

President, F. J. Walls, International 
Nickel Co., Detroit; Vice-President, S. V. 

1948 


Wood, Minneapolis Electric Steel Cast¬ 
ings Co., Minneapolis. 

Directors: CJeorge K. Dreher, Ampco 
Metals, Inc., Milwaukee; E. W. Horlebein, 
Gibson & Kirk Co., Baltimore, Md.; H. 
H. Judson, Goulds Pumps, Inc., Seneca 
Falls, N. Y.; James H. Smith, Accessories 
Group, General Motors Corp., Detroit; 
F. M. Wittlinger, Texas Electric Steel 
Citing Co., Houston, Tex. 

In addition, retiring President R. J. 
Teetor, Cadillac Malleable Iron Cof,' 
Cadillac, Mich., was elected a Director 
to serve one year. 

Foundry Leaders Honored 

Two gold medals and three honorary life 
memberships in the Association were pre¬ 
sented at the meeting. The John A. Pen- 
ton Gold Medal was present^ to Clarence 

UNDERBEAD CRACKING 


Edgar Sims, Battelle Memorial Institute, 
Columbus, Ohio, for his contributions to 
the steel casting industry. 

The Joseph S. Seaman Gsld Medal was 
presented to A.F.A. Secretary Robert E. 
Kennedy for his long and meritorious ser¬ 
vice in organizing and guiding the techni¬ 
cal activities of the Association on behalf 
of the entire industry. 

Honorary life membership was presented, 
in absentia, to Rear Admi^ Van Keuren, 
U.S.N., Naval Research Laboratory, 
Washington, D. C-., in recognition of his 
work on behalf of the castings industry. 

Honorary life membership was presented 
to M. J. (Gregory, retir^, fonnerly of 
Caterpillar Tractor Co., Peoria, Ill., for his 
omtributions to the Association and the 
foundry industry. Honorary life mem¬ 
bership also was presented to retiring 
president R. J. Teetor. 
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Weldability Tests of Valve 
Body Material 

By Laurence H. Carr* 


T he use of welding in the manufacture and in¬ 
stallation of steel valves has grown by leaps and 
bounds diuing the war period. Throughout most 
of the war, steel valves have been one of the most critical 
common components, and have been used extensively in 
marine, power, chemical process, synthetic rubber, 100- 
octahe gasoline, munitions and many other essential war 
plants. The increased use of welding was one of the 
important factors in breaking the steel valve bottleneck 
which at times threatened whole areas of war production. 

Welding is used not only to insert steel valves in a pipe 
line, but also as a means of fabricating complete vaJves 
from a number of parts, and as a method of correcting 
casting defects. Screwed end valves may have a se^ 
weld laid over the pipe joint to prevent leakage, and 
flanged end valves may have seats welded in them, or 
drains a nd by-passes welded to them. Hence it is never 

* Director of Research, The Edward Valve & Mfg. Co., Idc. 


safe to- assume that any steel valve body will not be 
welded even though it may not be described as a welding- 
end valve. 

A measurement of the weldability of various slefl 
valve body materials is just as complicated as the 
measurement of the weldability of any other steel. S: 
many varying factors can be named that a complete acii 
foolproof measure of weldability is practically impossible 
to attain. However, from both metallurgical and pur 
chasing standpoints, there seems to be one main fact« 
controlling weldability which can be measured and speci¬ 
fied. This is the hardenability of the material in the 
heat-affected zone. When stated in its most elementary 
terms, everyone will agree that a material which shows 
high hardness of the heat-affected zone is undesirable 
while a material showing low hardness in the heat- 
affected zone is desirable. A system for evaluating thij 
factor was very thoroughly presented in the July 19 - 1 -^ 
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issue of The Welding Journal. This was called “A 
Tentative System for Preserving Ductility in Weld¬ 
ments,” and was presented by Mr. G. E. Doan and Mr. 
R. D. Stout and issued by the War Metallurgy Com¬ 
mittee of the N.D.R.C. 

An investigation along this line, made in the Metal¬ 
lurgical Laboratories of The Edwm^ Valve & Mfg. Co., 
Inc., is the basis for the material presented hereafter. 

Experimental Procedure 

The test method employed consisted essentially of 
two parts. The first involved the study of a wide 
variety of welding procedures used in the Edward plant 
to determine typical rates of heat input. These figures 
were combined with the heat conductivity figures given 
in the paper by Doan and Stout so as to obtain maxi¬ 
mum cooling rates for the material in the heat-affected 
zone for any one of the procedures. The second part 
consisted of testing a wide variety of valve body ma¬ 
terials by means of the Jominy end-quench hardenability 
test so as to find the hardness created by cooling rates 
varying from 600 to 4 ° F. per second. Finally, by equat¬ 
ing any two cooling rates, it was possible to predict 
maximum hardness of the heat-affected zone from any 
desired welding procedure. 

Specifically, the cooling rates from welding were deter¬ 
mined as follows: 

Weld beads were laid down in a horizontal position by 
each of three welders, using welding rods varying in size 
from Vs iri. to V< in. Rods conforming to A.W.S. Types 
E 6010 , E 6012 , E 6030 , E 7010 and E 7020 were tested. 


The instructions to each welder were to lay down passes 
at the highest rate of speed which they would normally 
use. As these passes were laid down, the average current 
and voltage were taken from the instrument on the weld¬ 
ing machine. The total time for making the deposit was 
measured and the length of the bead was measured. In 
this manner the rate of welding in inches per minute • 
could be calculated and the amount of power input per 
inch could be calculated. 

The amount of heat put down in welding is generally 
expressed in Joules as tiie unit of energy. (One Joule is 
equal to one ampere times one volt times one second. 
Consequently, the Joules heat input per inch were calcu¬ 
lated by multiplying the volts by the amperes by 60 and 
dividing by the number of inches per minute traveled.) 

The figure of Joules heat input was next divided by a 
geometry factor which is related to the rate of heat con¬ 
duction due to the thickness of the metal being welded. 
The paper by Doan and Stout gives factors for first pass 
V- or U-welds, first pass fillet or lap welds, first pass V- 
weld with backing strip, and a single bead on a 

plate. For our purposes this was simplified to give just 
one factor for each thickness of material which will cover 
fairly well a bead at the bottom of a groove or the top of a 
groove, but neglects lap welding which does not generally 
apply to valve work. These factors are shown in Table 1 . 

By dividing the Joules heat input per inch by the 
geometry factor, a number is obtained which needs only 
correction for plate temperature to- yield a quenching 
speed. This plate temperature correction is achieved 
by the use of Fig. 1 . By drawing a horizontal line from 
the left-hand side of this chart to the line of desired pre¬ 
heat temperature, a vertical line could then be drawn to 
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Tsbls 1—Osomstrv Factors for Cooling Rata Calculationa 

Material Thickness, In. 

Average Factor 

Vi 

0.25 

V« 

0.50 

Vi 

0.75 

V. 

1.00 

Vi 

1.20 

V« 

1.5 

1 

2.0 

IVI 

2.4 

IV* 

2.S 

2 

3,4 

2V* 

3.9 

3 

4.5 


the bottom of the chart to find the position on the Joniiny 
bar to which this welding procedure corresponds. Each 
position on the Jominy bar in turn corresponds to a 
specific cooling rate. 

By this means, a series of cooling rates normally en¬ 
countered in Edward production welding were calcidated 
for Vai-in. rods and rods. These cooling rates on 
base materials, without preheat, are shown in Fig. 4 . 
With the 400 ° F. preheat they are shown in Figs. 2 and 3 . 
They have been drawn for a series of wall thicknesses 
ranging from in. to 3 in., but they permit cooling rates 
for intermediate wall thicknesses to be quickly estimated. 

In the second portion of the test, Jominy end-quench 
hardenability tests were made on 35 different specimens 
in accordance with the A.S.T.M. Tentative Method 
A 255 - 42 T. The specimens Were essentially 1 in. round 
and 4 in. long and they were Austenitized at 2100 ° F. in 


order to more or less duplicate the high temperature 
involved in welding. The specimens were then hung in 
a jig wherein they were water quenched on one end onlr. 
The heat from the remaining portions of the bar was 
conducted out through this end and hence underwent 
lower cooling rates. The material Vu in. from the 
quenched end cooled at a rate of 600 ° F. per secooi 
while material 1 in. away cooled at the rate of 10 ° F. per 
second. 

When completely cooled, the specimens were remove-; 
and two flats Vi« in. deep were ground the entire lengt: 
of the bars. Their hardness was then checked with i 
Rockwell hardness tester at Vn-in. intervals, starting 
with the quenched end. All of the mechanics of tiis 
test are in accordance with the A.S.T.M. specificatiot 
mentioned above. 

Some investigators have reported very erratic Rock 
well hardness readings on Jominy tests of cast spedmeni 
This presumably is due to carbon segregation in the cast 
bars. This effect was checked in seven of the cast bars 
used in this study by grinding not two, but eight flats at 
45 ° intervals around the bar. The RockweU hardness 
readings were then taken on all eight faces. 

Test Results 

The 35 samples of steel tested represented a variety of 
lots of rolled and cast carbon steel and carbon-molyb¬ 
denum steel. The carbon steels correspond to AISI C- 
1022 and C -1029 and A.S.T.M. A 105-40 Class II and 
A 216 -^T Grade WCB. The carbon-molybdenum steels 
correspond to A.S.T.M. A 182-40 Grade FI, and A 217 - 
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42 T, Grade WCl. The check 
analyses were taken from drilling 
taken directly from the test speci¬ 
mens. It will be noted that with 
two exceptions the carbon steels 
ranged as follows: 


Carbon. 

Manganese... 

Silicon. 

Molybdenum. 
Chromium ... 
Nickel. 


0 . 20 to 0 . 29 % 
0 . 60 to 0 . 82 % 
0.25 to 0 . 57 % 
0.00 to 0 . 05 % 
0.01 to 0 . 07 % 
0.07 to 0 . 24 % 


The carbon-molybdenum steels 
ranged as follows: 


Carbon. 

Manganese.. 

Silicon. 

Molybdenum 
Chromium .. 
Nickel. 


0.20 to 0 . 28 % 
0.48 to 0 . 82 % 
0.22 to 0 . 46 % 
0.41 to 0 . 50 % 
0.00 to 0 . 19 % 
0.12 to 0 . 25 % 


The Rockwell hardness read¬ 
ings at the various test points are 
listed in Table 3 . These figures 
are the average of the two spots 
on each side of a bar. Figures 
for ten of these test specimens 
of carbon-molybdenum steel have 
been plotted in Fig. 2 . The re¬ 
maining heats of the steel fall 
within the same range, but were 
so close to the other curves that 
there was not room to plot them. 

Figure 3 shows the range of car¬ 
bon-molybdenum steel heats and, 
in addition, shows results of vari¬ 
ous special analyses. It will be 
noted that one special heat con¬ 
tains 0 . 44 % chromium, another 
special heat contains 0.66% 
chromium, and a third 1 . 26 % 
chromium. Specimen No. 35 
corresponds to A.S.T.M. A 217 - 
42 T, Grade WC 4 containing both 
nickel and chromium in addition 
to the molybdenum. 

The hardenability curves of the 
carbon steel heats are shown in 
Fig. 4 , along with a range of values 
found for the carbon-molybdeniuu 
steels by way of comparison. 
Two of ^e heats of carbon steel 
were notably more hardenable 
than the otiiers and have been 
drawn in separately. These are 
specimens Nos. 14 and 15 . 

The tests of the seven cast 
specimens which had eight faces 
ground and tested showed no 
great difference between different 
testing faces. In the piece with 
the greatest difference the hardest 
face was from 3 to 5 Rockwell C 
points above the softest face. 
However, when faces 180 degrees 
apart were averaged the maxi¬ 
mum deviation dropped to 3 
points on the Rockwell scale. It 
was concluded from this that these 
end-quench tests are reliable on 
properly prepared cast specimens. 
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Fig. 4 


Interpretation 

From the test results presented here it is possible to 
predict the maximum hardness in the heat-affected zone 
of any type of welding procedure used on any of the 35 
samples of material tested. Without any (klculations 
whatsoever it is possible to compare the maximum hard¬ 
ness in the heat-affected zone for any one given welding 
procedure among any of the 35 samples. 

The charts are used as follows: 

Asstime, for example, a casting with a wall 

thickness of carbon-molybdenum steel which is pre¬ 
heated to 400 ® F. An examination of Fig. 2 will show 
that when welded at the slowest speed with a rod, 
specimen No. 29 should give 35 Rockwell C in ^e heat- 
aJEfected zone and specimen No. 24 should give 22 Rock¬ 
well C in the heat-affected zone. If, on the other hand, 
these castings were welded with •/a-in. rod at the fastest 
normal speed the hardness of the two heats would be 47 
and 31 , respectively. It will be noted that this difference 
in hardenability follows, in general, the chemical analy¬ 
sis. However, in carbon steel it is only customary to give 
carbon, manganese and silicon and to neglect the residual 
alloys which, of course, are the elements which exert the 
most profound effect within any one grade of steel. 

Conclusion 

It is quite obvious from Fig. 4 that carbon-molybdenum 
steel is considerably more hardenable than plain carbon 
steel. The general precaution of preheating this material 
is quite in order. Certain heats of carbon steel with no 

4B0-8 WELDING RESEARCH SUPPLEhfENT SEPTDIBER 


very obvious discrepancies in normal chemical analysis 
may be as hardenable as carbon-molybdenum steel. The 
addition of chromium to cast carbon-molybdenum steel 
does not appreciably alter the hardenability for low beat 
input and high rates of heat extraction, but it makes 
quite a marked difference at the slower cooling rates 
wherein larger rods and thinner-walled materials are 
used. This is brought out clearly in Fig. 3 . This is in 
line with the generally known fact that carbon alone 
determines the maximum hardness which can be ob¬ 
tained in steel. 
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Fig. 7 —^End Quaachiag—^lominy T«et Bar 


Fig. 6—Rockwall Hardnett TeaUng Jomiuy Tact Bar 


In the region where the cooling rate is 40 ° F. per sec¬ 
ond, which might be taken as most typical of all. welding 
procedures, the one-half per cent chromium has raised 
the hardness from 7 to 8 points Rockwell. From the 
analyses of the various heats of carbon-molybdenum 
steel tested, this seems to be equivalent to a change of 
0.04 to 0 . 05 % carbon in so far as hardenability is con¬ 
cerned. 

In other words, it seems fairly safe to assume that a 
cast carbon-molybdenum steel, having one-half per cent 
chromiiuu added, could be given the same weldability as 
the current grade of carbon molybdenum steel WCl if 


the carbon were decreased 0 . 05 %. With this change the Fig. 8—Welding Seat in Flanged End Gate Valve 

material would be as weldable at high rates of heat input 


and more weldable in the region of low rates of heat input. 


The end-quench hardenability test seems to offer an seems to be a fine test for a specification requirement to 
excellent means of comparing the hardenability and prevent the accidental use of excessively hardenable 


hence relative weldability of various grades of steel valve heats of steel which might cause trouble in welding 


body materials. It is simple to perform and hence fabrication. 
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Discussion of A. H. Cottreirs Paper, "A 
Note on the Effect of Local Stresses on 
Mechanical Properties"* 

By H. C. Boardman^ 


T his paper is interesting and instructive; under 
some disguise it presents our old friend—an as¬ 
sembly of a tension member midway between two 
compression members and all three attached at their 
ends to absolutely rigid crossbars, as indicated in Fig. I. 
B and B are the compr^ion members, and A the ten¬ 
sion member. Due to residual stresses the B members 
have been shortened k in. and the A member has been 
lengthened la in. If the unstrained length of the A 
member is 1 in., the unstrained length of the B members 
must be (1 + /a + 4 ) in* The combined cross-sectional 
area of the B memb^s is b sq. in.; the cross-sectional 
area of the A member is a sq. in. The residual stress in 
the B members is ( 5 )j psi.; in the A member it is ( 5 )a 
psi. Then, obviously, whether the residual strains in A 
and B are elastic or plastic: 

a{S). = 6 ( 5 )„ or ( 5 ), = (D 

The author has treated the A and B elements as 
though the unstrained length of each were 1 in. which, of 
course, cannot be true. Doubtless he felt that the re¬ 
sulting error was practically negligible as compared with 
the crudities of the other basic assumptions. Neverthe¬ 
less, it may be helpful to parallel his development with 
one maintaining the correct relations between A and B. 

Notation; 

= I 
1 + ^ 

Y = modulus of elasticity, psi. 

D = true ductility = maximum plastic ten¬ 
sion strain which A 
can endure, inches. 
(Really, in general 
inches per inch of un¬ 
strained length) 

E and E' — elastic limits, in tension and compression 
respectively, psi. 

F = breaking stress of A in tension, psi. 
la = residual tensional strain per inch of un¬ 
strained length of A, in. 

Y'la — i-S)a when the strain in A is wholly elas¬ 
tic, psi. 

lt,-z = residual compression strain per inch of 
unstrained length of B, in. 

Y■ It-z — (S)t when the strain in B is wholly elastic, 
psi. 

If the residual compressive strain in the B members is 
wholly elastic the residual compressive stress in the B 

* Publubed in Uie November 1944 issue of Wtlding Rtstarch Suppltmtnt, 
p. 599. 

t Chicago Bridge & Iron Company. 


members cannot exceed £'. The third form of Equa¬ 
tion 1 makes it apparent that the smallest ratio of (i/at 
consistent with residual elastic compressive stress in B 
and residual breaking stress in A is FlE'. 

b F 

Minimum - = -£0 ( 2 ) 

a E 

for wholly elastic residual compression in B, and residual 
breaking stress in A . 

Fig. II represents the tension and compression stre^ 
strain relationships when the residual strains in the 
and B members are wholly elastic. 

Fig, III represents the tension and compression stress- 
strain relationships when the residual strain in A is 
partly elastic and partly plastic and the residual strain 
in the B members is wholly elastic. 

For both Figs. II and III, ( 5 )j, = Y-lyZ. Substituting 
this for {S)t in the second form of Equation 1 , 

(.S), = ^--Y-h-z.or^ = U,-z ( 3 ) 

For Fig. II, since the residual strain in A is wholly 
elastic, 

--Y-lt-Z = Y-la,OT-lt-Z = la ( 4 ) 

a a 

' For Fig. Ill the total residual strain in A is and the 
residual elastic strain is, from Equation 3 , (J)/a)-W’- 
Therefore, for Fig. Ill, 

Residual plastic strain in ^4 = /« — (o) 

It is clear that, for both Figs. I and II the necessaiy 
additional tensile load on A to break A is, 

a{F-l-Y-h-^) ( 6 ) 

For Fig. I the remanent ductility In A, as the author 
terms it, is 

D' = D, the true ductility 

Fcr Fig. II the remanent ductility in A is the 
ductility, D, minus the residual plastic strain /« — 

It'Z, from Equation 5 . 

In equaticnal ferm. 



Inspection of Figs. I and II makes it apparent that, 
for the conditions of both Figures, the application to .I 
of the additional tensile breaking load a{F — 
h-z), as given in Equation 6, will cause an additional 
elongation in A of, 
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(9) 


+ = + (9) 

Of course the general externally applied tensile load 
on the crossbars of Fig. 1 which is necessary to break A 
must be stifficient to separate the crossbars 


i>' + 


F - 

a 


that^is, to extend^the A member and both B, members 


D’ + 


F Y-k-z 
a 


inches. Evidently, depending upon the initial condi¬ 
tions, this extension of the B members may or may not 
stress them above the tensile elastic limit E. This 
elongation of the B members first neutralizes the residual 
compression strain and then carries on to cause a ten¬ 
sile strain. 

If the general externally applied tensile load on the 
crossbars of Fig. I which separates the crossbars suf¬ 
ficiently to break A strains the B members elastically 
only, the stress change (— to +) in the B members is 


Y-z\ 


D' A- 


F - ~^Y‘h‘z' 
a 


The author has treated this entire stress change (— to 
+) as though it were all tensile as far as the required 
load on the crossbars is concerned; he is correct in so 
doing because (see Fig. I) increasing the separation of 
the crossbars /» inches unloads the B members entirely 
but requires an external tension load on each crossbar 
sufficient to stretch A the distance (/* 4)- Because 

the original residual stress system was necessarily inter¬ 
nally balanced the part of this extension of A requires 
precisely the same external cross-bar load that was first 
locked up in the B members, namely, b- Y-l^-z. There¬ 
fore the author is correct in stating, in effect, that the 
external load (general stress) on each crossbar necessary 
to break A and stretch B is made up of two parts: 

(I) That required to stretch elastically in tension both 
B members a distance of 


D’ + 


F-^Y-h^z 

a 


This part of the load is 


F--Y‘U-z 

P’ +-T-. 


( 10 ) 


(II) That required to break A less that required to 
stretch A the distance 4- As stated in Equa¬ 
tion 6 this part is 


a(F-^-r.Vz) 


o(f - Y-k-^ -I- b- Y-z (p' -I- 


a 


Therefore the general stress intensity to cause failure 


The sum of (I) and (II) must be the total load on each 
crossbar (i.e., ^e general stress on area (o b)) when A 
fails. Tlfis sum is: 


S = 


S = 


or 


“ ' Z)' + I -?- l(f-( 5 ).), or 


1 + S 


Y‘Z 1 


.{bja) 


V + 1 


i?' + 


(Va) 


+ 2 


L(Va) 


+ 1 


- (5)J 


( 11 ) 


An investigation of the variation from unity of the 
fraction 


+ 2 


( 6 /a) 


1 


+ 1 


L(Va) 

is enlightening. The factor z = 1/(1 +/«-)- 4)- Since 
Equation 11 is based on elastic drformation of the B 
members the maximum value of 4 for Y — 30,000,000 
psi. and E — 30,000 psi. is about 0.001 in., a practically 
negligible distance. For a ductile steel just on the verge 
of tensile failure 4 might be 0.25 in. Tlierefore, for all 
practical purposes z may be considered as lying in the 
range of 0.8 to 1.0. The ratio (6/a) is practically limited 
to ^e range of 2.0 (see Equation 2) to infinity. There¬ 
fore a reasonable range of 


+ 2 


(&/o) 


lib/a) 


+ 1 


is 0.8 to 1.0. Roughly, therefore, this fraction may be 
taken as 1.0. 

With this approximation Equation 11 reduces to 5 = 
F — {S)a when D' = 0. This means that when A is 
unable to stretch plastically, either because it is of an 
inherently brittle material, or of a ductile material 
residually strained to the limit, the general tensile break¬ 
ing stress is essentially the actual ultimate tensile strength 
of the material minus the local residual tensile stress. 

Equation 11 is valid for an elastic lengthening of the 
B members of Fig. I a distance of 


D' -f 


F--Y’h'^ 

a 


(see Equation 9). Keeping in mind that the first 
lengthening of 4 (which just relieves the residual^ com¬ 
pression stress) causes no tensile stress exten^n, it is 
clear that the maximum value of D' consistent with 
elastic straining of the B members is given by the equa¬ 
tion 


whence. 


6 - Y-z D' -I- (a + 6 -z)^F - ^■^• 4 - 2 ) 


F^'^-^Y-k-z „ 

n/ j_ 2 _7 — A 

^ + Y - Yl 


ZZ' = (/ + ^ 


( 12 ) 
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Substituting this value of D' in Equation 11, and re¬ 
ducing, 


S = 


bE + aF 
a-\-b ’ 


or 5 = 


-•£ + F 
a 


or 


£ + 


5 = 


(6/a) 


1 + 


{b/a) 


(13) 


The author correctly observes that when the B mem¬ 
bers stretch plastically the stress in them must lie be¬ 
tween E and F, and the general stress must vary from 

-to F. ^lien he makes up his Table I of as- 

a -I- 6 ^ 

sumed conditions; from it calculates and plots his Fig. 3 
showing Remanent Ductility versus Breaking Stress, 
and, finally, draws his conclusions. 

Corresponding equations of this discussion and the 
author's paper have the same numbers, and are identical 
if the factor z be assigned the value unity. 

The equations D' = 0, and 5 = F — (5)« locate 

(Per cent) 

the lower end of each curve of the author’s Fig. 3, using 
F and (5)a values from Table I. 

The equations 


D' 

(Per cent) 




SA 1 + 


1 


{b/a)j 


-1 _ fF - 


[F-E] 


0.01 y 


way toward the more comprehensive analysis of the general 
problem of stress, strain and failure which, it is hoped, 
will be made some day. 

Reply by Dr. A. H. Cottrell 

Mr. Bbardman’s useful discussion introduces greater 
rigor into the calculations by taking into account the 
fact—ignored in my treatment for reasons of simplidty- 
that the unstrained lengths of the elements, A and B. 
of the assembly must differ from each other appredably. 
To allow for ^e effect of this, a factor z is introduce 
which modifies the equations, and which is of such a 
nature that the modified equations diverge from the 
original ones as z diverges from unity. Mr. Boardmar 
gives evidence to show that it is reasonable to assume 
s » 1 for a first approximation; thus a reduction of s tc 
0.8 necessitates that should 1^ as great as 0.25 in. pe 
in. Actually, it is rather difficult to imagine a mecha¬ 
nism whereby the residual strain could be as great as 
this, and in most problems where local stresses are of 
importance, comparatively brittle materials are in¬ 
volved, so that la win be much smaller and the approxi¬ 
mation of s = 1 will be very reasonable. 

I do not think that the (6/a) value of unity for cun'e 
No. 4 is mathematically inconsistent with Equation 2, 
since the calculations used in the paper do not involve 
any restrictive assumptions on the magnitude of the 
quantity E' in Equation 2. Moreover, the minimum 
condition given by Equation 2 concerns the smallest 
value of 6/a for which the elements B will not be strained 


and 


£ + 


S = 


(6/ai 


1 + 


(6/a) 


are convenient forms of Equations 
12 and 13 for locating the upper end 
of the straight line portion of each 
curve of the author's Fig. 3, using 
the (5)a, F, E and 6/a values from 
Table I. 

Incidentally, is not the (6/a) value 
of unity for Ciuve No. 4 inconsis¬ 
tent with Equation 2? 

The writer believes that the 
author’s calculations and conclusions 
are correct, based on his original 
assumptions, including s = 1. How¬ 
ever, these assumptions ignore mul- 
tiaxial stress conditions and struc¬ 
tural continuity, so the conclusions 
should be appli^ with caution and 
judgment. In their application so- 
called “reaction stresses’’ are indis¬ 
tinguishable from externally applied 
load stresses. 

Especially intriguing is the deduc¬ 
tion that ^e breaking strength is 
little affected by residual stresses 
provided the material is capable of 
stretching 1% or more. Is this true 
of actual structures? If so, how 
should it be applied to their design ? 
How related are ductility and safety 
in service? 

We are much indebted to Dr. 
Cottrell for having pointed out and 
advanced some distance along the 
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plastically, whatever the value of (5),; in cases where 
(5)« happens to be less than F, it is possible for b/a to be 
smaller than F/E’ without the elements B being strained 
plastically. 

It is unfortunate that the important questions which 
end Mr. Boardman’s discussion must remain unanswered; 


before the theoretical deductions can be applied to prac¬ 
tical problems, it is essential that they should be tested 
by suitable experimental work. In this connection, I 
may say that we are conducting some experimental 
work with this end in view at Birmingham, and that the 
results should be forthcoming in the near future. 


The Effect of Hammer Blows on Welds 
Containing Cracks and/or Inclusions* 

By Elmer A. Ratzel^ 


• Synopsis 

The results of a test designed to determine qualitatively the effect 
of hammer blows on a welded specimen having a known (deliber¬ 
ately made) initial defect indicate that the v^ue of the hammer 
test of welded pressure vessels to uncover defects is questionable. 


Sp>ecimen 


T he specimens' were steel straps 5 ft. long with a 
gro^ cross section of 1 x '/* in. They were made 
by’welding two 30-in. bars together. The 60° 


* Report No. 1 to the Welding Reaeorcb Council. June 20,1945. 
t ArniDur Reoonrch Foundntion. 

* Theae •pecinen* were mode by the Chicogo Bridge end Iron Co. The 
steel used had a designation of A.S.T.M.-A-70-42 O.H. SHRD. Pbx. PI. 
The tensile strength was given as 58.570 psi., the yield point as 31,420 psi. and 
the elosigation as 29.25% io 8 in. 


butt weld extended through only one-half the thickness 
of the bars; the bars were butted together the other half 
of the thickness. The gross cross section at the weld, 
therefore, was 1 x Vi« which included an unwelded 
section, 1 x Vt in. Each specimen thus prepared con¬ 
tained a very fine, artificial crack, perhaps the smallest 
that could be introduced by this method. Figure 1 
shows microphotographs of the crack taken at 5 X and 
50 X. 


Test Apparatus 

It was necessary to build the auxiliary loading head 
shown in Fig. 2 for the testing machine because of the 
length of the specimen. The loading head consists of a 



Fig. 1—Microphotographs of Cracks Set 
in Specimens by Welding V Butt Extend¬ 
ing to Center of Bar 
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Fig. 2 


base plate, four vertical tubular columns and the super* 
structure. The latter was a weldment of steel plates 
arranged to hold the wedge-shaped jaws which gripped 
one end of the specimen. The universal joints, one on 
each end of the specimen, assured practically axial load¬ 
ing. The top one can be seen just below the safety screen. 

The 8-lb. sledge hammer was pivoted near the end of 
the handle by pivot bearings fixed to the two columns as 
shown. This arrangement allowed the hammer to be 
■dropped, with negligible bearing friction losses, from ap¬ 
proximately 40® above the horizontal (roof height). 


Test Procedure 

The specimen was adjusted in the testing machine 
grips until the top surface of the weld was directly op¬ 
posite the hammer head. A static load of 2000 lb. was 
applied to set the grips firmly in position. 

The surface perpendicular to the weld was etched with 
dilute acid to make the weld metal and the crack more 
easily observable. 

The general test procedme was to apply a static load, 
then allow the sledge hammer to fall from a given height 
and strike the top surface of the weld. The root of the 
■weld was therefore subjected to a tension strain resulting 
from the static load plus the impact load. After each 
blow, the length of the crack was measured with a pair 
of dividers. 


Tahla I—Sp«cixn«n No. 1 


Gross section at weld « 1 X */u in- 
Area of weld « 1 X */i« in- ~ 0.3125 sq. in. 

Area of crack = 1 X ’A in. ~ 0.250 sq. in. 

Length of specimen = 5 ft. (weld in the middle of tlie specimeol 
Weight of sledge hammer head » 8 lb. 

Hammer at 45°, height of fall — 10 in. 

Hammer at 90°, height of fall = 33 in. 

Hammer at roof (40 ° above horizontal), height of fall — 5om. 
Maximum energy of impact « 55 in. X 81b. = 440in.-lb. 
Riehle hydraulic testing machine 


Blow 

Static 

Static 

Hammer 

No. 

Load, Lb. 

Stress, Psi. 

Position 

1 

9,000 

28,700 

45° 

2 

9,000 

28,700 

90* 

3 

9,000 

28,700 

Roof 

4 

9,000 

28,700 

Roof 

5 

9,000 

28,700 

Roof 

6 

9,000 . 

28,700 

Roof 

7 

9,000 

28,700 

Roof 

8 

9.000 

28,700 

Roof 

9 

9,000 

28,700 . 

Roof 

10 

9,000 

28,700 

Roof 

11 

9.000 

28,700 

Roof 

12 

9,000 

28,700 

Roof 

13 

9,000 

28,700 

Roof 

14 

9,000 

28,700 

Roof 

15 

9,000 

28,700 

Roof 

16 

9,000 

28,700 

• Roof 

17 

9,000 

28,700 

Roof 

18 

10,000 

31,900 

Roof 

19 

10,000 

31.900 

Roof 

20 

10,000 

31,900 

Roof 

21 

10,000 

31,900 

Roof 

22 

10,000 

31,900 

•Roof 

23 

11,000 

35,200 

Roof 

24 

11,000 

35,200 

Roof 

25 

11,000 

35,200 

Roof 

26 

12,000 

38,400 

Roof 

27 

12,000 

38,400 

Roof 

28 

12,000 

38,400 

Roof 

29 

13,000 

41,600 

Roof 

30 

13,000 

41,600 

Roof 

31 . 

13,000 

41,600 

Roof 

32 

14,000 

44.700 

Roof 

33 

14,000 

44,700 

Roof 

34 

14,000 

44,700 

Roof 

35 

15,000 

48,000 

Roof 

36 

15,000 

48,000 

Roof 

37 

16,000 

48,000 

Specimen brc^e 



b^ore impact 


The energy of the hammer blow was adjusted to pro 
duced impact transients of the same magnitude ob¬ 
tained in previous tests.* Figure 3 illustrates the typical 

* Dohrenwend, C. O., ''H>aimer Test for Welded PreMun Vessels: 
Investigetioo," Tub Wbldino Joubhal, 23 (10), ReseBrch Sappl., 507-s to 
21-8 (1943). 




EXPERIMEMTAL 



fiBIH 

Y 


CALCOUYB) 



PLAlSt 0.50* thick 


BEAMi • X section 

1 Dlv.Vertical-Strain ■ 0.0002 
1 Div.Horisontal-iiae s 0 . 0004 $ Pee. 

Fig. 3—Transverse Impact Tzanaients 
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Speciinen 1 


Specunen 2 

Fig. 4 


Specimen 3 


“strain-time” transverse impact transients which occur 
when a hammer blow is applied to a plate.* (The term 
x/h — 0 refers to the strain being measured directly op¬ 
posite the point of impact.) " 


Results of the Test 


Three specimens were tested. The first two were sub¬ 
jected to an initial static stress near the yield point of 

> Dohrenweod, C. O., Drucker, D. C., and Moore. Paul, taken from "Trana- 
verse Impact TranrienU,'’ Proe. Socitly jor Bxttrimtntai Slrtss Analysis, 1 
(2), 1-10 (1943). 


Tabl* 2—Spttoim«n No. 2 

Gross section at weld — 1‘A X */ii in. 

Area of weld w I'A X */i* in.*» 0.352 sq. in. 

Area of crack » l‘/j X ‘A in- " 0.282 sq. in. 

Length of specimen — 5 ft. (weld in the middle of the specimen) 
Weight of sledge hammer head » 8 lb. 

Hammer at 45°, height of fall « 10 in. 

Hammer at 90°, height of fall » 33 in. 

Hammer at roof (40° above horizontal), height of fall > 56 in. 
Maximum energy of impact » 55 in. X 8 lb. — 440 in.-lb. 

Riehle hydraulic testing machine 


Blow 

Static 

Static 

Hammer 

No. 

Load, Lb. 

Stress, Psi. 

Position 

1 

10,000 

28,600 

Roof 

2 

10,000 

28,600 

Roof 

3 

10,000 

28,500 

Roof 

4 

10.000 

28,500 

Roof 

6 

10,000 

28,500 

Roof 

6 

10,000 

28,600 

Roof 

7 

10,000 

28,500 

Roof 

8 

10,000 

28,500 

Roof 

9 

10,000 

28,500 

Roof 

10 

10,000 

28,500 

Roof 

11 

10,000 

28,500 

Roof 

12 

10,000 

28,500 

Roof 

13 

10,000 

28,500 

Roof 

14 

10,000 

28,500 

Roof 

15 

10,000 

28,500 

Roof 

16 

10,000 

28,500 

Roof 

17 

10,000 

28,500 

Roof 

18 

10,000 

28,500 

Roof 

19 

10,000 

28,500 

Roof 

20 

10,000 

28,500 

Roof 

21 

11,000 

31,400 

Rorf 

22 

11,000 

31,400 

Roof 

23 

11,000 

31,400 

Roof 

24 

12,000 

34,300 

Roof 

25 

12,000 

34,300 

Roof 

26 

12,000 

34,300 

Roof 

27 

13,000 

37,100 

Roof 

28 

13,000 

37,100 

Ropf 

29 

13.000 

37,100 

Roof 

30 

14,000 

40,000 

Roof 

31 

14,000 

40,000 

Specimen broke 


before impact 


Tablo 3—Spociznan No. 3 

Gross section at weld — l*/i» X */\t in. 

Area of weld = I'/w X Vii in- 0.332 sq. in. 

Area of crack =■ IVm X Vr m- ™ 0.265 sq. in. 

Length of specimen 5 ft. (weld in the middle of the specimen) 
Weight of sledge hammer head » 8 lb. 

Hammer at 45°, height of fall — 10 in. 

Hammer at 90°, height of fall = 33 in. 

Hammer at roof (40° above horizontal), height of fall « 55 in. 
Maximum energy of impact “ 55 in. X 8 lb. » 440 in.-lb. ' 
Riehle hydraulic testing machine 


Blow 

Static 

Static 


No. 

Load, Lb. 

Stress, Psi. 

Hammer Position 

1 

6,000 

18,000 

Roof 

2 

6,000 

18,000 

Roof 

3 

6,000 

18,000 

Roof 

4 

6,000 

18,000 

Roof 

5 

6,000 

18,000 

Roof 

6 

6,000 

18,000 

Roof 

7 

6,000 

18,000 

Roof 

8 

6,000 

18,000 

Roof 

9 

6,000 

18,000 

Roof 

10 

6,000 

18,000 

Roof 

11 

6,000 

18,000 

Roof 

12 

6,000 

18,000 

Roof 

13 

6,000 

18,000 

Roof 

14 

6,000 

18,000 

Roof 

15 

6,000 

18,000 

Roof 

16 

6,000 

18,000 

Roof 

17 

6,000 

18,000 

Roof 

18 

6,000 

18,000 

Roof 

19 

6,000 

18,000 

Roof 

20 

6,000 

18,000 

Roof 

21 to 31 

6,000 

18,000 

Roof 

32 to 41 

6,000 

18,000 

Roof 

42 to 51 

7,000 

21,100 

Roof 

52 to 61 

7,000 

. 21,100 

Roof 

62 to 71 

8,000 

24.100 

Roof 

72 to 81 

9,000 

27,100 

Roof 

82 to 91 

10,000 

30,100 

Roof (specimen broke on 


91st blow) 


the material (28,000 psi.) the third was statically stressed 
to 18,(X)0 psi. at the beginning of the test. 

Tables 1-3 show the results of the tests in tabular form. 
The first column gives the number of hammer blows ap¬ 
plied. The second and third columns give the static load 
(Ib.) applied by the testing machine and the static stress 
(psi.) computed from the area of the weld, respectively. 
The fourth column gives the position of the hammer 
relative to the specimen. 

The crack did not show any measurable increase in 
length during any test, although the stress in the region 
of the weld was above the yield point for the higher 
loads on Specimens 1 and 2. All specimens necked 
slightly between the edge of the crack and the top surface 
of the weld. Final failure of Specimens 1 and 2 occurred 
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from static loading, before another hammer blow could be 
given. 

Figure 4 shows the typical weld failures obtained for 
the testing conditions. The first two specimens failed 
in a ductile manner along a surface in the weld metal; 
the third which broke from impact showed slightly less 
ductility. 

Discussion of Results 

The transverse impact transients caused by a hammer 
blow on a welded pressure vessel were studied extensively 
and the results reported previously. It was found later 
that these transients conform to theoretical analyses.* 

« op. cit. (2. 3). 


It was concluded from these previous studies that the 
hammer test of a strap with a known weld defect indi¬ 
cates, in the same order of magnitude, the effect of ham¬ 
mer blows on a defective weld in a pressure vessel, even 
though the tmiaxial stress condition in the strap is in 
contrast to the biaxial stress condition in the shell. 

The defect deliberately produced in the test specimens 
has a large stress-raising effect and is therefore considered 
a serious defect. It appeared extremely unlikely that i 
similar defect at any other position in the weld would 
present a more severe condition. Nevertheless, a large 
number of blows was necessary to cause failure of the test 
specimen. The value of the hammer test in revealing the 
weld defect discussed here, or those of lesser ra^;mtude, 
therefore seems questionable. 


The Kelvin Double Bridge for 
Measuring Surface Resistance 
of Aluminum Alloys* 

T he apparatus consists of two basic parts, namely, 
a Press and the Bridge. The press shown in the 
sketch is 28 in. high overall and is constructed of 
cold-rolled rod and 1-in. plate. The top and bottom 
plates are fastened rigidly to the rods which must be 
carefully machined and aligned. The two center plates 
must slide on the shafts without any side play. The 
electrodes are preferably made from regular welding tips 
with a 4 in. radius of curvature. The pressure is pro¬ 
vided by a heavy coil spring is calibrated for 1000 lb. 
total pressure. 

The Bridge should be wired with No. 10 B & S copper 
for the portion of the circuit shown in heavy lines and 
50 A. flexible cable is used for connecting the bridge and 
battery to the electrodes. Smaller wire may be used for 
the rest of the circuit. 

In operation, two aluminum coupons are clamped be¬ 
tween the electrodes (just as when preparing shear test 
specimens) and the pressure raised by the hydraulic jack 
to 1000 lb. The affigator clips (attached by ordinary 

* Prom iofommtioii $i^}pUed by Frederick Gumm Chemical Co., Inc., 
Kearny. N. J.. manufacturers of Clepo Tetra-Dip materiaU, cleaner, etc. 
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Note; 2 aluminum coupons clamped between electrodes con¬ 
stitute Rk. Alligator clips are fastened to coupons and connect R» 
to the bridge circuit. 



lamp cord to the bridge) are fastened to each coupon 
To avoid reversed pol^ity the clips should be marked 
“upper” and “lower.” The galvanometer switch should 
be in the “down” position (see circuit). The mak 
switch, 5», is pressed for an instant and the galvanometer 
will deflect violently. Immediately change the 
vauometer switch to the “up” position and the dampin; 
resistance, R^j, rapidly returns the indicating beam to iu 
rest position. It is well to keep Rc across the galvanometer 
at ^ times except when actually making readings 
When the switch is depressed a current of 50-75 amp 
flows through the external circuit (heavy line) but ven‘ 
little flows through the measuring circuit due to its higb 
resistance. The decade resistances are adjusted until 
the galvanometer no longer shows any deflection sriioi 
the key is depressed. >^en the D.P.D.T. switch con¬ 
nects the 100-ohm fixed resistances in the bridge the 
decade box reading gives direct values in microhms^ 
When the 1000-ohm fixed resistances are used dividf 
readings by ten. 

Materials for Bridge 

—.TOO-amp- 50-mv. Weston shunt (100 microhm resbtancel 
Ra and /?«—Two type 610 C decade resistances 10 ohm 
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100 (in tandem) Two type 510 D decade resistances 
100 ohm steps to 1000 (in tandem) 

Rh and Rd —Two type 60 D fixed resistance units 100 ohm. Two 
type 600 H fixed resistance units 1000 ohm 

Non: Jt*. Rd: are obtainable from General Radio Co., Cambridce 

Mam. 

C —Table type galvanometer. Rubicon Co., Philadelphia, Pa., Cat. 
No. 9417. Sensitivity 0.0044 / amp. per mm. Resistance » 
68 ohms. Period 6.0 sec. Crit. damp, resist. ~ 860 ohms 
Rf —STO-ohm resistor, Rubicon Co., to match galvanometer. Two 
D.P.D.T. knife-edge switches (small) 

A —100-amp. d.-c. ammeter; any inexi>ensive one will do 
56~-Auto-8tarted switch wi^ knob for manual control 
Carbon pile rheostat— 16 2- x 2- x */rin. carbon plates in stack 
with screw adjustment 
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Tensile Strength and Hardness 

Wrought steels, which are finished between Ati and 
Afj, recrystallize when annealed below A*, usually with 
some loss in the yield point and tensile strength. How¬ 
ever, wrought steel which is normalized after cooling 
may also b^me softer by annealing below A3. If the 
final rolling temperature was substantially above A3, sub¬ 
sequent annealing can only improve the strength values, 
which is connected with grain refining. 

During the tensile test, the cylindrical tensile specimen 
of wrought steel necks down on both sides of the weld 
until fracture occurs in one of these constrictions. The 
original diameter of the joint itself decreases the least. 
Only seldom does failure occur at the weld line, in which 
cases pronounced weld defects must be present. 

A series of tensile tests were made to investigate the 
influence of various welding factors on the behavior of 
the joint and to determine any correlations that might 
be present. The first specimens investigated were cylin¬ 
drical bars with a 270 mm. (11 in.) gage length with the 
weld at the center. The other specimen dimensions, the 
welding data and the results of these tests are given in 
Table 5. Unfortunately, in the investigation of Materials 
A to C, the distance of the fracture from the weld line, re¬ 
lated to the elongation marks on the untested bar, was 
not determined. The need for this became apparent 
upon evaluating the results and later in the investigation 
was taken into account in the tensile tests on (Material) 
M. In order to bring out the special features, the rela¬ 
tion is given between the average values of the yield 
point and tensile strength in each series and the corre¬ 
sponding values for the unwelded material. 

Disregarding the water-quenched joints, the yield 
point of Steels A/B, which also holds for C, is lower than 
that of the unwelding material, while the tensile strength 
was about the same. For Steel M no change in yield 
point could be detected, although the tensile strength 
shows a tendency to be somewhat higher than that of the 
unwelded material. A small softening effect can be de¬ 
tected only for Materials A to C. For all steels the duc¬ 
tility, as given by the reduction of area, increased in 
every instance. Differences are due more to the behavior 
of the material than to the effect of the welding process. 
This also held for the locations of the fractures which are 
in close agreement for the different materials. In Speci¬ 
mens A to C the fractures came 50 to 55 mm. (1.97 to 2.17 
in.) from the weld line, while in Material M they were 93 
to 103 mm. (3.66 to4.06in.)away,thegreater distance very 
likely being due to the longer welding times. As com¬ 
pared to the reduction of area of the unwelded material 
of 60 to 70%, that of the weld of 6 to 7% is very small. 
This low deformation of the weld may be considered as an 
effective protection against fracture of the zones adja¬ 
cent to the weld line. In cases where the fracture occurs 
at greater distances from the weld line it is improbable 
that the location of the fracture is inuflenced by the con¬ 
dition of the weld. It is obvious that no direct relation 
exists between the transformation zone and location of 
failure. Since the dimensions of the tensile specimens re¬ 
mained unchanged and, therefore, had no influence on 
the test, it was necessary to assume that other factors 
were the cause for the peculiar behavior of the joint. 
This situation led to further tests. 

The tests were continued with the object of obtaining 
more data on the strength of the weld. To this end, the 
cross section of the weld of the test specimen was weak¬ 
ened in order to cause failure in the weld zone. By means 
of smooth transitions and generous radii, falsification 
of the results by the notch effect were largely avoided. 
The shape of the test specimen and the results of the ten¬ 
sile tests are given in Table 6. The test specimens were 


made from welded bars 30 mm. (1.18 in.) in diameter. 
All of the specimens broke in the weld and the strength 
of 39.6 to ^.7 kg./mm.* (56,200 to 57,800 psi.) is only 
slightly higher than that of the unwelded material. After 
subtracting the slight overvaluation caused by the shape 
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Fig. 34—Plot of Data from Table 7 for the Strength of Welded 
Notched Tennon Bars 

WS6; Tap 8-, Tap 5-. 



DISTANCE FROM WELD LINE - n. 


Fig. 35—Variation in Brinell HardneM at Varions ^staBcH 
from the Weld Line Along the Axis of the 5 Joints Ineestigsted 
and Shown in Table 4. (A, B and C Are Air Co<^ed, D is Wiier 
Quenched) 
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Table 7—Tanaion Tests on Deeply Notched Test Bar to Determine the Strength 
of the Joints at the Weld and Heat*AfiEected Zones ^ee Ilg. 34) 
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Table 6—Tension Test of Specimens Slightly Notched at the Weld Line 
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f the specimen, the small positive difference in tensile 
trength of the weld gives extra protection to the 
ow^ened joint against weld failures. 

Iq similar tests of joints in Material M, it was desired 
) follow the variation in strength from the weld line 
) the unaffected material. To fix the location of the 
-acture with certainty, the radius of the reduced section 
^ decreased so that all the fractures would occur in the 
}tcb, especially in the water-quenched specimens. Pre- 
iiiflary tests were made to determine a suitable design 
ra test specimen. Table 7 shows the specimen selected 
id the results of the tension tests. The original diam- 
er at the notch was about 20 mm. (0.79 in.), and was 
ter decreased to 18.5 mm. (0.73 in.) t^ause some of the 
ictures still occurred outside of the notch. Before each 
St the distance from the weld line to the center of the 
>tch was determined by etching the specimen. 

The breaking strength of the unwelded material attains 
,*^ue of about 59.5 kg./mm.* (84,500 psi.) at the notch 
account of transverse stresses. This is much higher 
m its (normal unnotQhed) tensile strength. Figure 34 
)ws the variation of the strength of the notched sec- 
n, with the distance from the weld line. The weld is 
)ut 5% stronger than the unwelded material. The 
ta of specimens welded with Tap 8 are somewhat seat¬ 
ed. However, they maintain about the same average 
ue as the weld up to about 10 mm. (0.39 in.) from the 
Id line, and then fall rapidly to that of the unwelded 
terial. The breaking streng^ of the weld line of speci- 
as welded on Tap 5 is slightly lower, although it is 
I higher than the unwelded material. It follows a 
)oth curve reaching the maximum at about 5 mm. 
!0 in.) from the weld line. Therefore, on each side of 
weld line there is a zone of increased strength. A cor¬ 
don with the fine-grained zones seems indicated only 
bat the maximum strengths fall toward the weld side, 
he results of the tests on water-quenched joints are 
given in Tables 5-7. With the round tensile speci- 
15, the fractures occurred at definite distances from 
weld line, which, in each instance, clearly showed the 
lence of the wdding time. The observations with 
air-cooled joints showed no evidence of a direct rela- 
between Ihe heat-affected zone and the location of 
fracture. The shift in the fracture away from the 
I line with increase in the welding time apparently 
rs that the characterisdc behavior of the welded 
ile specimen is caused by an increase in the resistance 
ip. This increase is caused by quenching, and its_ 
t extends beyond the recrystAUi^ zone, which is' 
m by the location of the fracture in the tensile test, 
the shallow notched water-quenched tests, specimen 
re occurs in the unreduced section, as shown in Table 
'rozn this it may be concluded that the strength of 
reld is about 14% higher than that of the unwelded 
rial. One of the test specimens broke in the weld: 
vas due to a welding defect which covered more than 
of the cross-sectional area. Based on the initial 
section this weld still had a strength of 37.6 kg./ 
(53,400 psi.), which is almost up to the tensile 
of the unwelded material. 

ere is a pronounced increase in breaking strength of 
ater-quenched, deep-notched welded test specimens 
rpe hd material, as shown in Table 7. Figure 34 
i that the curve for the strength at different positions 
te water-quenched specimens is similar to that for 
oled specimens. However, the maximum values 
>ut 60% above that of the unwelded material. Again 
eld is supported on each side by a zone of higher 
pth. For the joints welded using transformer Tap 8, 
iaxiznum strength occurs about 2 mm. (0.08 in.) 
Jie weld line, while in joints welded using Tap 5 it is 
<1 about 6 mm. (0.24 in.) from the weld line. 


Since there was not a sufficient amount of Material A- 
C available for this phase of the investigation, another 
test method had to be tried to show the dbanges in prop¬ 
erties of the material at the weld zone. The Brin^ 
hardness test was chosen. Since Brinelf hardness and 
tensile strength are correlated with each other, variations 
in tensile properties will be detected by the Brin^ test. 
To be sure, the conversion factor, which is 0.34 (T.S. in 
kg. per sq. mm. B.H. No.) for the unwelded material, 
is influenced by the structure. The hardness test was 
made on the five welded joints, given in Table 4, which 
had previously been used for the metallographic survey. 
The results of the hardness test shown in Fig. 35 were 
made using a 2.5-mm. (0.10-in.) diameter b^ with a 
load of 87.5 kg. (193 lb.). 

The unwelded material had a Brinell hardness of 110 
to 115. The hardness of Specimen A9, having a welding 
time of 10 sec., started to increase at a distance of 25 to 
30 mm. (0.98 to 1.18 in.) from the weld line. At a dis¬ 
tance of 5 mm. (0.20 in.) from the weld line, the initial 
hardness of the material of 111 Brinell had increased 2 
units. The hardness at the weld line reached 125 Brinell. 
Consequently, increased hardness is limited to the region 
up to 10 mm. (0.39 in.) from the weld line which agrees, 
to a certain extent, with the structure. 

In Specimen 12, with a welding time of 40 sec., the 
noticeable increase in hardness begins with the recrystal¬ 
lized zone at about the same level, or between 14 and 16 
mm. (0.55 and 0.63 in.) from the weld line. The hard¬ 
ness increases uniformly toward the weld line to a hard¬ 
ness of 136 Brinell, wmch is 20% higher than the un¬ 
welded material. The hardness variation followed the 
expected curve, since an increase of hardness should be 
expected with a decrease in grain size without, however, a 
sharp change of direction as with the change in grain size. 
While it is true that immediately adjacent to the weld 
line there is a considerable increase in grain size, the 
basic changes in the structure oppose any decrease in 
hardness. Consequently, the hardness curve increases 
continuously to the weld line. 

A similar condition is found in Test Specimen 33, 
welded in 77 sec. A noticeable increase in hardness be¬ 
gins about 16 mm. (0.63 in.) from the weld and reaches 
131 Brinell at the weld line. A correlation between struc¬ 
ture and hardness could also be seen in this test. It 
should be noted that the drop in hardness on both sides 
of the weld line at about 10 mm.( 0.39 in.) is interrupted 
by a slight increase in hardness. 

In the water-quenched Specimens 22 and 41, the 
hardness values are considerably higher and the irregular 
drop in hardness (previously observed in Specimen 33) is 
more marked than would be expected. The hardness in 
the weld line is 90% higher than in the unwelded material 
On both sides of the weld line there is an abrupt drop in 
hardness which subsequently increases to about 60 to 
70% above that of the unwelded material. In the speci¬ 
men with a short welding time, the hardness reaches the 
initial value at about 19 mm. (0.75 in.) from the weld 
line, but in Specimen 41, having a longer welding time, 
not until about 35 to 40 mm. (1.38 to 1.57 in.). The 
contours of the two hardness curves are correspondingly 
different. 

The formation of martensite in the water-quenched 
specimen. Fig. 31, makes the exceptionally high hardness 
in the wdd line understandable. The variation of hard¬ 
ness in the region which was quenched from a low tem¬ 
perature cannot be explained by the structure. Since 
there is no basis to assume that this zone has absorbed 
an excessive amount of nitrogen, which, if present should 
have been found in the examination of the structure, and 
no other causes could be adduced, it is thought that the 
second increase in hardness must be caused by precipita- 
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Fig. 36—Hardness Survey for Water-Quenched Joints of Steels E and F 


tion hardening. This assumption is more likely since, 
with the carbon content of the material used, the steel 
composition favors this kind of transfonnation Whether 
the phosphorus and nitrogen, which are sometimes pres¬ 
ent in relatively large amounts, and the carbon have con¬ 
tributed, remains an open question. The conditions are 
also difficult to understand because it is questionable 
whether the rapid heating brings all parts of the specimen 
to a structural equilibrium corresponding to the temper¬ 
ature reaching prior to quenching. The fact that the 
quenching temperature has a decisive influence on the 
hardness variation may be seen in the hardness curves of 
Specimens 22 and 41. Consequently, it is advisable to 
look for a regular relation between the welding time as 
summarizing factor for the welding conditions and the 
location of the second hardness maximum, for the other 
factor. By testing four additional joints of Materials E 
and F it was possible to confirm this speculation. Ac¬ 
cording to Fig. 36 the distance of maximum hardness 
from the weld line increases with the welding time. When 
the distances are plotted against the corresponding weld¬ 
ing times, a linear relation could be established for weld¬ 
ing times up to about 50 sec., as shown in Fig 37. Be¬ 
yond this limit the weld-line distances lag further and fur¬ 
ther behind the welding time. This is caused by heat ab¬ 
sorption of the clamps whose influence increases as the 
critical temperature region approaches them. 

In comparing the hardness values it is noticeable that 
in joints 22 and 41, the hardness after the first drop in¬ 
creases to about the same hardness as the weld line, 
while the four welds in Fig. 36, show greater differences. 


r I I These irregularities are to be attri- 

Bfl— fgp Q _ buted to small variations in stee! 

composition and to the effect c: 
—“ ■ ■ ■■ — time between production and test 

#neb mm s. ing. It is well known that the pre¬ 

cipitation hardness increases witi 

tjr, wgldla f 

time to a final value. The t«c I 
BM of TO f Kc welded joints, 22 and 41, had been 
—stored for 6 mo. at room tempera- 

_ture, whereas the four other tes: 

specimens were made only ten dayf 

^-before testing. Age hardening wni 

L . also observed on unwelded spec. 

~ ^ ^ ^ mens from Material G which wen 

- - I _ I I heated on a butt-welding machiw 

to various temperatures and tber 
I ■ I I water quenched. Special care wi- 

B6 Tap ^ _ taken to heat the specimen as quicld 

as it would have been during 
Ct ftft ££. welding. These experiments on ur. 
time of S* *< 0 . welded material also showed tha: 

* two hardening zones occurred wit: 

_increase in quenching temperaturt 

By repeating the hardness tesu 

& --4% mo. later it was found that 

V individual values in the hardenii: 

^ range below 700° C. (1290° F.) hi: 

__ increased during storage. 

\ On the basis of these data it nu; 

—^ -be concluded that the welded joic:. 

_ _ _ at every point would behave tb 

same as the unwelded material afu: 

I I I undergoing a similar heat treatme:: 

I 30 I ^ This information seems to justr 

the explanation of the behavior 
1 " 1-|-" welded joints in mild steel undf 

tensile loading according to the te 
2l results of the extended investi:: 

:eels E and F tions of W. Koster on the “Infi: 

ence of a Heat Treatment Below 
on the Properties of Structur- 
Steel.” According to Koster, the hardness and tensi 
strength change in the same direction with quenchii: 
temperatures below 700° C. (1290° F.), while the dona¬ 
tion and reduction of area decrease with increanr 
quenching temperature. It is noteworthy that the yie 
point also decreases at first and does not parallel - 
jtensile strength until higher quenching temperatures -■ 
reached. At temperatures of 600° C. (1110° F.) and 
the yidd point ^coraes higher than that of the un. 
fected material. The lowest yidd point is to be expec:- 
between 300 and 400° C. (570 and 750° F.). 

By application of the above results to conditions pr.- 
ent in flash wdding there must be a zone of lower 
strength, according to Fig. 38, at a distance betweer 
and 55 mm. (1.42 and 2.17 in.) in joints welded na-' 
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Fig. 38—Softened Zone and Fracture Location of Welded and Quenched Specimens 


'ap 8, and between 49 and 73 mm. (1.93 and 3.47 in.) in 
lints welded using Tap 5. In Fig. 39, this relation is not 
s clear for the air-cooled specimens. Even here, how- 
ver, there must be regions of lower hardness on both 
4es of the weld line. This conclusion is confirmed by the 
efinite necking on each side of the joint during tension 
Sts; also the yield point of the Materials A-C is lower 
lan that of the unafiTected material as shown in Table 5. 
bat the differences are smaller than one would expect, 
xording to Koster, may be explained by the stress dis- 
ibution in the welded, heterogeneous tensile specimens, 
be higher resistance to deformation from section to 
ction'sets up transverse stresses and prevents deforma- 
)n at the place where the yield point has first been ex- 
eded. 

The reduction in area or necking which is restricted to 
ecific sections must result in failure in one of the two 
formation zones on both sides of the weld line, as the 
ision test continues. Since the tensile strength drops 
a minimum value after quenching from about 300*^ C. 
70® F.), the fracture, according to Fig. 38, should occur 
the edge of the deformation zone farther away from 
i weld. For air-cooled joints, a failure may occur on 
her side of the deformation zone. How sensitive the 

Yield Point and Tensile 
Strength of Pumaoe- 
Cooled Mild Steel. 

▼s. Annealing Tenperatiire. 

Aooording to Kbster 


tensile test is to a variation in the degree of precipitation 
hardening or to the resistance to slippage related thereto, 
may be seen by the fact that, in spite of very small 
strength variations for different heating temperatures, 
the fractures of air-cooled specimens check fairly well in 
parallel tests. 

In this connection reference is made to the results of 
tensile tests on welded low-carbon mild steel published 
by Bock as early as 1925. The unwelded material in 
the annealed condition had a yield point of 28.2 kg./mm. * 
(40,100 psi.); while the yield point of the welded test bars 
ranged between 26.1 and 27.1 kg./mra.* (37,000 and 
38,500 psi.), or lower in every case. The ultimate tensile 
strength of the welded test specimens, between 36.7 to 
38.2 kg./mm.* (62,100 to 54,200 psi.), was higher than 
that of ^e ann^^ stock (36.6 kg./mm.*—52,000 psi.). 
The elongation and reduction of area agree with the data 
of Koster, except for one specimen. It is obvious that 
such an agreement is not accidental. 

Since the location and extent of the heat-affected zone 
depend upon the welding conditions, the various phases 
of the welding cycle during fabrication of the joint have a 
definite influence on the tensile .behavior of the welded 
specimens. The practical significance of this information 
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is that the location of the fracture may be explained and 
predetermined. 

Since the Brinell test is popular for determining the 
approximate tensile strength without waste of time and 
with little effort, this me^od was investigated to deter¬ 
mine whether it was applicable to flash-welded joints. 
From the available data, a conversion factor was deter¬ 
mined for each distance from the weld line. Figure 40 
shows the correction factor curve for the conditions with 
Material M. As the weld line is approached the conver¬ 
sion factor decreases from 0.34 to 0.95 X 0.34 = 0.325 at 
the welds. Therefore, the influence of the weld is not 
significant. v 

Results of Previous Investigations 

It is only recently that welded joints have been inves¬ 
tigated as well as other methods of fabrication. In these 
investigations, fusion-welding processes were given pri¬ 
mary consideration. In only very few cases were flash- 



Fig. 40—Correction of the Convernon Factor for Tensile 
Strength and Hardness for the Weld and Heat-Affected Zones 
of Flash-Welded Joints of Material M 


welded joints investigated and then they were included 
only for comparison purposes. This also explains why 
the only available data deal with high-quality, special 
steels, whereas the major field of flash welding includes 
the mild steels with little alloy additions which are widely 
used in machine construction. There are also no data 
given covering the flash-welding schedules used during 
the preparation of the joints. However, the results per¬ 
mit drawing some general conclusions regarding the be¬ 
havior of flash-welded joints. 

First, it is generally agreed that flash welding gives 
considerably better results than the other welding proc¬ 
esses. Thornton attributes this to the fact that the 
weld is relatively free of porosity and oxide inclusions. 
For the decrease in the fatigue strength of the joint as 
compared with the unaffected material, he gives three 
reasons: slag and oxide inclusions, variation in grain size 
and variation in hardness. The most important reason 
he considers to be the slag and oxide inclusions. He re¬ 
marks, however, that the presence of small gas pockets is 
not as harmful as is generally considered, if they cause 
no material weakening of the joint. The second and 
third factors affecting tibe strength may be eliminated by 
means of heat treatment. This would also relieve any 
stresses set up from welding, which are frequently fairly 
high and affect the actual stressing of the welded speci¬ 
mens. Thornton found the endurance limit of flash- 
welded steel of boiler plate quality to be 17.6 kg./mm.^ 
(25,000 psi.), which reached only 67% of the endurance 
limit of the unwelded stock He surmises that after heat 
treatment, it is possible to obtain the strength of the 
unwelded materid by equalization of hardness and grain 
size. All of his specimens were highly polished and ma¬ 
chined in such a way that the fracture was forced to occur 


in the weld line because of the smaller cross-sectional 
area. 

In 1931 Johnson published a report on the fatigue 
strength of welded specimens. He compares the influ- 1 
ence of flash welding with a corresponding heat treatment [ 
of a test specimen of the same material and draws the ‘ 
conclusion that the flash-welding process should giw 
more favorable results than any of the other welding 
methods. This conclusion is confirmed both by his own 
investigations and by Thornton’s. Johnson found that 
the endurance limit of welded joints does not correspond ‘ 
to the relation that holds between the endurance limit 
and the tensile strength for unwelded specimens. There- | 
fore, the tensile test does not give a reliable index for the 
strengths of welded joints under alternating stress. He 
attributes this behavior to the influence of surface ir¬ 
regularities, defects in the joint and oxide inclusions 
These lower the endurance limit by an amount which is 
dependent upon their location and magnitude. There¬ 
fore, fatigue tests are essential in order to obtain data 
for the production of safe joints. These tests show up 
weaknesses which are not disclosed by other test meth¬ 
ods. Johnson agrees with Thornton that the flexural 
endurance limit of resistance-welded joints in chromium- 
molybdenum steel tubes (0.34 carbon, 0.51 manganese. 
0.96 chromium, 0.23 molybdenum) attains 57 to 59^^ of 
the strength of the starting material. This is consider¬ 
ably higher than the endurance limit of gas-welded joints. 
Joluison also reports that the flash-welded test bars con¬ 
tained slag inclusions below the surface which were not 
eliminated by machining. By heating the specimens at 
510° C. (950° F.), without influencing the microstructure, 
the strength (endurance limit) could be raised from 16.?* 
to 22.5 kg./mm.* (24,000 to 32,000 psi.). This wotild cor¬ 
respond to 76% of the strength (endurance limit)*of the 
unwelded material. The idea expressed by Thornton 
that the strength of the welded specimens could be 
raised to 100% of that of the unwelded material by 
means of heat treatment, he says, “does not always 
hold.” Consequently, Johnson leaves this possibility 
open. 

According to Bock, the endurance limit of flash- 
welded St 37 is only 60% of that of the unwelded ma¬ 
terial. The investigations were made on a Schenck flex¬ 
ural fatigue-testing machine. However, details are lack¬ 
ing on both the size of the specimens and the welding 
procedure. 

The Author's Fatigue Tests 

Testing Procedure. —The joints were to be tested on a 
rotary-beam fatigue-testing machine. This method of 
determining the endurance limit according to Wohler 
is universally recognized. This test requires several speci¬ 
mens. In spite of uniform conditions, the results of the 
individual tests are scattered because of factors which es¬ 
caped detection, and consequently had to be accepted. 
The accuracy of the test date increases with the number 
of tests made. In this investigation, normal scattering 
of the date was increased bemuse with the manualh' 
operated welding machine it is impossible to make all 
welds identical. Wohler’s method, therefore requires a 
large number of test specimens. For this reason, a lest 
method is preferred which permits a simplification though 
at a sacrifice in precision. The procedure used followed 
the “Directions for the Determination of the Rotar)' 
Bending-Fatigue Strength” of the Material Testing 
Laboratory of the Braunschweig Institute of Technolog} ' 
At the beginning of the test, the load applied to each 
specimen is below the expected endurance limit. After 
each 2,(X)0,000 cycles the load is increased by 1 kg./mm.' 
(1400 psi.) until fracture occurs. The maximum load 
which withstood 2,(X)0,000 cycles is taken as the eodur- 
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(400 to 700 psi.) would be recommended and the number 
of cycles increased from 2 X 10® to 5 X 10® so that the 
strength or “understressed” specimens woidd be ob¬ 
tained. Also the reversed procedure could have been 
used. 

Testing Equipment .—It is clear that the correct relation 
between production technique and the quality of the 
welded joint requires that the joint and the welded test 
specimen be of about the same cross section. For this 
reason the standard Schenck fatigue-testing machine 
was rejected. A special testing machine capable of hand¬ 
ling 31 mm. (1.22 in.) diameter test specimens was built. 
This machine is shown in Fig. 41-43. 

The test specimen rests in two end bearings whose 
housings were welded to the machine frame 600 mm. 
(23.62 in.) apart. The bending load is applied to the 
middle of the specimen. The applied load is varied by a 
changeable weight which acts through a lever system 
with a ratio of 5.9 to 1 on the center bearing. The weight 
of the load transmission members themselves exerts a 
ance limit. When fracture occiu^, the loading increment bending force of 78 kg. (171' lb.) on the test specimen, 
is interpolated in proportion to the number of cycles. Differing from standard designs, the loading bridge, as 
From the load whidh caused the specimen to fail, the full viewed from the top, is perpendicular to the axis of the 
increment is substracted if the specimen withstood less test specimen. The test specimen is driven on one end 
than 1(X),OCX) cycles; 75% if between 100,000 and 3(X),(XX) by a d.-c. motor at 1850 rpm. A cycle counter is con¬ 
ey cles; 50% if between 300,000 and 1,000,000 cydes; nected to the free end with a reduction ratio of I to 250. 
and 25% if between 1,(XX),000 and 2,000,000 cycles. It The fatigue specimen is secured in both end bearings 
is recommended that the test be made, if possible, in such by two sets of three (pressure) screws each, spaced at 
a manner that failure occurs during the third step. This 120°, as shown in Fig. 44. The pendulum ball bearings 
makes it possible to determine the approximate endur- are movable axially so that forces applied in the direc- 
ance limit of each specimen and has the advantage that tion of the axis of the test specimen cannot be trans- • 
the testing time may be materially reduced. However, mitted. In the middle bearing, the test specimen is 
what is determined is not = » but = 2 X 10®, a engaged by two clamps 16 mm. (0.63 in.) wide having an 
value which, according to Foppl, is about 20% higher external cone as shown in Fig. 45. The inner race of the 
than the endurance limit for an infinite number of cydes. ball bearing rests on an intermediate piece with an in-' 
This method, nevertheless, gives useful comparative data temal cone, as shown in Fig. 45, which is drawn over 
and has been frequently us^ in similar investigations. the clamps by means of a pressure screw so that the 
The gradual increase of the applied load may easily clamping jaws are firmly pressed against the specimen, 
result in “understressing,” a strengthening phenomenon In order to distribute the clamping forces unifor^y over 
which can raise the endurance limit of the specimen con- the length of the bearing an intermediate layer of hard 
siderably. With the mild carbon steels, increases have paper was used. This paper also protects the surface of 
been observed up to 30%. This strengthening occurs the test specimen from damage during installation in the 
when the graded stressing is very close to the endurance machine. It is also possible, by using paper of different 
limit and is favored by increase in the number of stress thicknesses, to test fatigue specimens of various diame- 
cycles. During the evaluation of the test results, this ters without changing other parts of the machine. Ex- 
inefease in strength should be taken into consideration, perience obtained from other investigations has shown 
as it is a source of error. However, the results of the in- that the hard paper layers stand up best in this service, 
vestigation show that this error did not cause any dis- During installation of the fatigue specimen, the middle 
advantageous effects. In order to avoid all uncertainty, and end bearings are first placed on, after which the 
a smaller load increment of about 0.3 to 0.5 kg./ram.® assembly is put into the test machine. After connecting 




Figs. 42 and 43—T(^ and Side View of the Fatigue Testing Machine 
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Fig. 44—Method for Clamping the Fatigue Specimen in the End 
Bearing on the Driven Side 


the loading bridge and the set screws of the bearing cov¬ 
ers, a test is made for smooth running in the end bearings. 
To do this, the set screws must be adjusted until the de¬ 
flection on a feeler dial on the bearings is less than 0.08 
mm. (0.003 in.). Then the load is applied to the speci¬ 
men and the deflection of the middle bearing is again 
measured, whereupon the end bearings may have to be 
readjusted. When smooth operation has been obtained 
by this method, the deflection in the middle bearing is 
measured. The calculated and measured values must 
correspond approximately to each other. Before and 
after each of the loading steps, deflection measurements 
.are repeated. The motor and the cycle counter are con¬ 
nected by a flexible shaft when the test specimen has 
been properly installed. 

Since this installation must run day and night without 
•supervision, a press button switch was provided as a 
safety precaution as shown in Fig. 46. In case of an 
emergency the machine can be stopped immediately. 
If the circuit is broken it must be closed manually. By 
means of a time switch the fatigue machine is automatic¬ 
ally stopped after 16 hr. which corresponds to 2 X 10“ 
cycles. The safety stop arrangement is connected to a 
switch actuated by the loading bridge as soon as the 
deflection of the specimen has exceeded a definite amount 
prior to failure. In this way the motor is stopped before 
the cross section of the test specimen has completely 
broken. 

Calculations and Precision .—The maximum bending 




Fig. 43—Bearing 


moment comes at the center of the test length {L) and 
according to the terminology of Fig. 47 is: 


Mb 


PL 

4 


The maximum stress will be then: 


Kb 


c«nt«r 


PL 

4Wb 


where Wi, is the moment of inertia of the cross section of 
the specimen. If the fracture occurs at the center of the 
specimen, the fatigue strength of the point of the fracture 
is: 


(ToeolM “ Kb center less the amount of the fraction of the 
increment obtained by interpolation from the number 
of cycles before breakage. 



L 



If the fracture occurs at a distance X from the center, 
then: 


1 - X 

O'liBctur* (TccnMr ‘ . 


The fatigue strength of the weld, is greater than, les> 
than or equal to (r(,.etur. depending upon location of the 
weld. 

The radial stress of the test specimen at the center 
bearing was not taken into consideration during the cal¬ 
culation because its exact determination would be ei- 
cessively difficult, and the result would be practicalh; 
uninfluenced, thereby. Further, it was also left out o: 
account that the theoretical maximum load at the centtf 
bearing does not occur in this form. While the maxima® 
load is taken up by the effect of the 16-mm. (0.63-in 
bearing, the cross sections of the specimen at the cn^: 
bearings have to be considered as the most critical. 1^ 
was at these points that the fractures occurred 
frequently, although the strength values still remai' 
within the usual limits. 

The accuracy of the results is influenced by errors a 
determining the weight applied, the lever arm, bearing 
distances, the diameter of ^e test specimen and the dis¬ 
tance of the fracture, point X, from the qenter of tin 
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specimen. The uncertainty of these factors would be 
about as follows: 

Weight of the load transmission 

members.±1.0 kg. (2.2 lb.) 

Variable weight of load.±0.2 kg. (0.44 lb.) 

Length of lever arm.±1.0 mm. (0.4 in.) 

Fracture location X .±0.5 mm. (0.02 in.) 

Diameter of test si>eciraen (ma¬ 
chined bar).±0.05 mm. (0.002 in.). 

For example, by taking into consideration these rela¬ 
tively large errors in the calculation of the fatigue 
strength of Test Specimen No. 105 (Table 8), a maximum 
value of 12.42 kg./mm.* (17,600 psi.) and a minimum 
value of 11.95 kg./mm.* (17,000 psi.) is obtained instead 
of the recorded value of 12.1 kg./mm.* (17,200 psi.). 
Compared to the natural scattering of the fatigue values, 
these calculated variations can be disregarded. This 
applies even to the testing of specimens in the as-rolled 
condition, though the errors involved are larger, because 
the rolled surface interferes with the exact determination 
of the diameter, and the bars are not round. 

With welded joints which were only flash trimmed, 
the increased diameter across the weld must be taken 
into account. Although the stress distribution becomes 
less favorable with increasing cross section, the increase 
of the moment of inertia results in a materially lower 
stress at the joint. The results also confirm this, since 
the fractures occur preferentially at the unwelded 
clamped section. These fractures may be explained by 
the experience that failure usually occurs at a place 
which has carried at the most 10% less than the maxi¬ 
mum stress. The location of fracture could not occur 
further than 30 mm. (1.18 in.) from the center bearing. 
In this case, with the joint only flash trimmed and thus 
protected by an increased cross section due to upsetting, 
failure could be solely expected in the unwelded sections. 
Nevertheless, the stresses at the weld have been calcu¬ 
lated in the same way as for machined and polished bars, 
because the variation of the diameter at the weld is un¬ 
known and cannot be taken into consideration. It 
should be clearly understood, however, that the strength 
values, in so far as they relate to the increased weld sec¬ 
tion, are too favorably reported. This condition will be 
again considered in the discussion of the results. 

In the following, the major points will be explained 
which led to setting up the individual test series. In the 
first place it was considered necessary to investigate the 
behavior of the unwelded material, in both polished and 
as-rolled conditions, in order to form a basis for judging 
the welded joints. The foremost rule for testing the 
joints was that both the influence of welding and mech¬ 
anical treatment would have to be taken into considera¬ 
tion. The welding times and the energy conditions were 
first taken as controlling factors during welding. Dur¬ 
ing the coiu^e of the investigation, upsetting was added 
to the above factors. Previously, this upset factor had 
not been considered because the type of tests did not seem 
particularly appropriate to detect small variations in 
strength. Machining of the welded test specimens was 
done to suit the application so that definite sources of 
defects could be observed. Since flash-welded joints are 
usually flash trimmed while still hot and then frequently 
used without further treatment, there is always a possi¬ 
bility that the weld line may contain notches, slag inclu¬ 
sions or other irregularities at the outside edge. It is 
well known that fatigue fractures originate preferentially 
at such irregularities, especially when they are located at 
the stuface and are associated with high local stress con¬ 
centrations. Although the flash-trimmed joint has a 
lower stress because of the increased cross-sectional area 
caused by upsetting, it was to be experimentally confirmed 


that the joints are not endangered at the weld line even 
under alternating loading. To test the joint, which repre¬ 
sents a gross nonhomogeneity of the test specimen from in¬ 
ternal stresses, grain-size variations, etc., the influence of 
the surface condition should be avoided by using highly 
polished specimens. Such specimens were found to be 
satisfactory even in the tests where a variable upsetting 
pressure was used. 

It has been repeatedly found that a rapid cooling of 
steel or welded specimens may cause high residual stres¬ 
ses. In flash-welded joints, such stresses are scarcely to 
be avoided. Even so, by X-ray back-reflection measure¬ 
ments it was shown that the stress conditions present in 
flash-welded joints are considerably better than obtained 
with other welding methods. This is also confirmed 
by Fig. 48. These X-ray back-reflection measurements 
were obtained from an investigation performed in 1931 
in connection with the present work by Dr. Berthold in 
the X-ray laboratory of Siemens and Halske. The dif- 


8 Mm. (0.31 In.) 

Weld Line , to One Side 



Fig. 48—^X-ray Back Reflection Patterns oi Welded Joints 


(a) Flash welded, (fc) Arc welded, V-groove. (c) Arc welded, 
V-groove. 


fuseness of the lines is, in so far as it is possible to judge 
at present, a measure of the lattice distortion caused, for 
example, by incomplete precipitation, which results in 
the setting up of internal stresses and a decrease in the 
work-absorbing ability. In order to find out whether 
these stresses have any influence on the behavior of the 
joints in fatigue, it was thought advisable to investigate 
a series of water-quenched specimens having artificially 
increased stresses about the same as in the tensile and 
hardness tests. 

The results of the fatigue tests carried out as described 
above are tabulated by series in Table 8. The specimens 
were identified by serial numbers and also by the letters 
corresponding to the steel used. In the first tests no dis¬ 
tinction was made between rolled bars A and B, so that 
later a double marking had to be used. The wdds were 
made from stock having a nominal diameter of 30 mm. 
(1.18 in.). The test bars were made metallic bright (me- 
tallisch blank) at the sections where they were damped 
in the dies. The remaining details are given in Table 8. 
The values not recorded were not taken. The welding 
times were obtained from current and energy input 
records. The maximum energy consumption of the 
welding machine was obtained from the same records, 
although these values were also read directly from the 
switchboard instruments. These values should be used 
solely for estimating the approximate loading of the 
machine. The next column gives the specifications for 
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Tabl«‘8—Fatigue Test Data 
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Tabla 8 (Continued)—Fatiqu* TMt Data 
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Fig. 49—Fatigue Fracture of an Unwelded Specimen Aitei Several 
Load Increments (1.25 X). 


the test specimens. In addition to the distance from the 
weld to the mid-point of the center bearing, the load ap¬ 
plied on the weld as per cent is given, as obtained from 
A'b Then follow the values of K\, «,nt*r in the last three 

loading steps and including the corresponding number 
of cycles. The number of load increments before failure 
and the location of the fracture with respect to the center 
bearing are given in the next column. In the last three 
columns are given the calculated values of (re«nter and 
the latter being divided according to whether the 
fracture took place at or away from the weld. 

Results .—For tests of the rolled surface, the material 
was used in the as-received condition. The polished spe¬ 
cimens were first machined then polished by hand in the 
longitudinal direction with emery paper from coarse to 
4/0, and then finished to a high polish with levigated 
alumina. After the tests, the specimens that had broken 
only about two-thirds of the way through were then com¬ 
pletely broken. As shown in Fig. 49, the fatigue frac¬ 
tures were distinctly different than the coarse crystalline 
residual fracture, which is distinguished by a slight de¬ 
formation at the edge which was caused by the violent 
rupture. In the present case, fatigue failure of the cross 
section started from two opposite sides. From the direc¬ 
tion of the markings on the fracture (Rastlinien), it is 
fairly easy to locate the nuclei which initiated the pro¬ 
gressive fracture. The steps which are visible on the 
lower part of the figure could probably be attributed to 
the influence of several fatigue fractures that started in¬ 
dependently of each other at nearby sections and later 
merged into one. The overstrained cross section can be 
observed in the structure even before the fracture starts. 
Figure 50 shows the beginning of a fracture. In the ad¬ 
vanced condition, Fig. 61, a layer of completely deformed 
grains has formed at the siuface by the working together 


of the two surfaces of the fracture. All the details of the 
fatigue fracture disappear. 

Values for the strength of the unwelded specimens for 
Series 1 and 2 are shown in Fig. 52. While there is little 
difference between the various materials, the polished 
specimens could be clearly distinguished from those hav¬ 
ing the rolled surface left on. In both cases, the tend¬ 
ency for hardening is about the same. The understressed 
test specimens were excluded from the average values 
The fatigue strength of the polished specimens was ± 19.^ 
kg./mm.* (28,100 psi.), while that for the specimens with 
the rolled surface left on was only ± 16.5 kg./mm.* (23.- 
400 psi.). Here the irregular surface on the test spedmeu 
produces a small notch effect which interferes with tht 
even stress distribution. Local stress raisers are thn.' 
formed which raise the stress above the endurance limit 
for lower nominal stresses and consequently cause pre¬ 
mature fatigue failures. In addition to this, the decar- 



Fig. 50—Initial Phase of a Fig. 51—Later Phase oi the 
Fatigue Fracture (100 X) Fatigue Fracture (100 X] 


burized surface has not been removed from the test speo- 
men, which also lowers the endurance limit. 

The value of ±19.8 kg./mm.* (28,1(X) psi.) for the 
polished endurance limit should, according to Foppl, bt 
reduced to about 16.5 kg./mm.* (23,4(K) psi.) for an in¬ 
finite number of cycles. On the other hand, the endur¬ 
ance limit of a specimen made from Steel M tested ac¬ 
cording to Wohler’s method on a Schenck fatigue-testing 
machine gave the value of ±23 kg./mm.* (32,790 psi.' 
A true comparison is impossible, as all the 9.5 mm 
(0.37 in.) test specimens came from the Segregated center 
of the rolled rods and represent a different primary ma¬ 
terial and on which there is also no decarburized siuface. 
Moreover, according to Faulhaber, the fatigue strength 
decreases as the diameter of the test specimen increases. 

The deviations of the fatigue strength values from the 
average values for both the polished specimens and those 



Fig. 52—Endurance Limit of Unwelded Material, Series 1 and 2 

-Specimens having rolled surface. 

-Specimens polished. 
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with the rolled surface left on are comparatively small, as 
shown in Fig. 62. In the former, the distances of the 
fracture from the middle bearing (8 to 12 mm.—0.31 to 
0.47 in.) lie close together in all specimens, thus indi¬ 
cating an excellent surface condition. Since very few 
specimens broke through the section at the entrance to 
the center bearing, and hence without a decrease in 
strength, this indicates that the bearing was in perfect 
condition. The test specimens with the rolled surface 
showed a much larger variation in the fracture locations. 
From the close correlation of these strength values it 
may be assumed that one source of failure may be attri¬ 
buted to a fine notch effect of defects which are irregu¬ 
larly distributed over the cross section of the work and 
are of about the same magnitude. 

The first tests on welded joints are included in Experi¬ 
mental Series 3 and 4. Since the strength of the weld was 
unknown, the weld was gradually moved closer to the 
center bearing until the limit was reached because of the 
upset section. In this manner the weld could be loaded 
up to 95% of the maximum stress. All fractures, except 
for those welds having obvious defects, which will be dis¬ 
cussed later, came outside the weld. Regardless of the 
lower stress at the larger cross section, this result is still 
remarkable since the welds with the flash removed still 


had large notches which should make a fatigue failure 
occur at this location. The strength values determined 
from both test series are given in Fig. 53. Since the 
fractures occurred at a point where the surface was not 
affected by welding, the fatigue strength values must cor¬ 
respond with those in Experimental Series 2. As a mat¬ 
ter of fact these values are very nearly the same. An 
influence of the heat-affected zone was hardly expected 
as it is known that the structure has no appreciable ef¬ 
fect on the fatigue strength. Also the hardening is the 
same as in the unaffected material. Therefore, no rela¬ 
tion could be determined, within the limits of the inves¬ 
tigation, between the welding time and the fatigue 
strength values. 

In the next three experimental series, joints were 
tested that had been flash welded at different welding 
times and the upset carefully machined flush with the 
surface of the parent material. In order to avoid pre- 
matiire breaks caused by the notching effect of the ma¬ 
chined surface, the test specimen was highly polished 
at the weld zone. Consequently, these test specimens 
had three surface conditions; highly polished, an inter¬ 
mediate region, and the remainder with the rolled sur¬ 
face. The fatigue strength to be expected according to 
the location of fracture is between ± 16.5 and 19.8 kg./ 
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Fig. 55—Endurance Limit of Welded and Quenched Joints with Flash Trimmed; Series 8 to 9 

--Maximum value of precipitation hardening. 


mm.* (28,100 and 23,400 psi.). Therefore, two curves 
are plotted in Fig. 54 in each case. The top curve repre¬ 
sents the fractures at the polished section and the lower 
at the rolled surface. The limit of the upper curve gives 
an average endurance limit of ±18.5 kg./mm.* (26,300 
psi.) and, hence, is 1.3 kg./ram.* (1900 psi.) lower than 
that of the polished stock. This variation is probably 
explained by less careful polishing. Values of the bottom 
curve correspond to those for the unwelded material in 
the rolled condition. Some of the values are exceptional 
because of their low fatigue strength and exceptional 
fracture distances from the center bearing. In these 
cases bad siu^ace defects were present, consequently 
these specimens were excluded from the average values. 

The most important result of these tests is that, with 
few exceptions, the specimens failed outside of the weld. 
Since the load applied was usually higher at the weld than 
at the point of failiue which showed a strength almost 
equal to that of the unwelded material, it may be as¬ 
sumed that the endurance limit of the weld is as high as 
that of the unaffected stock. In the specimens that were 
tested without the upset being machined off, it is prob¬ 
able that failure will not occur in the weld regardless of 
any notches that might be present, because of the en¬ 
larged cross section at the joint. 

With the exception of the specimens in Experimental 
Series 7, welded at a high current setting in a very short 
time, the strengths are independent of the welding time. 
Of the tests of Experimental Series 7, which was investi¬ 
gated in detail during the determination of the hardness 
and structure of Specimen A9, this could not be ascer¬ 
tained with certainty. In this case many of the failures 
occurred in the weld. It must also be kept in mind that 
weld-line failures do not necessarily mean a lower 
strength. Since the weld zone was highly polished and 
there was no relation between the heat-affected zone ob¬ 
tained during welding and the location of the fractures, 
the reason for these weld failures could only be looked for 
in the welding process itself. In any event these weld¬ 
line fractures should serve as a warning. 

The specimens of Experimental Series 8 to 11 were re¬ 
moved from the machine immediately after welding and 
quenched vertically into water. The time that elapsed 
l^tween the end of welding and the quenching was 7 to 8 
sec. Then the specimens were flash trimmed. The sub¬ 


sequent treatment was the same as for the air-cooled spe¬ 
cimens. 

The results of the fatigue tests on the flash-trimmed 
specimens are shown in Fig. 55. The effect of step loading 
shown is the strengthening or hardening previously de¬ 
scribed. The average* endurance limit is about 
kg./rara.* (25,000 psi.) and therefore is 5-6% higher than 
the values for the test specimens with the rolled surface. 
The deviation of the strength values is within the usual 
limits, although in some cases the fracture is quite a 
large distance from the center bearing. The reasons for 
this are the hardening of the material, the stresses caused 
by quenching, and the increased cross section from weld¬ 
ing. The influence of the welding time is shown in ihe 
fourth graph of Fig. 55. As the quenched region becomes 
wider, the distance from the weld to the fracture in¬ 
creases because of the stiffening effect. Between this and 
the welding time, a relation exists similar to that found 
between the welding time and the secondary hardening 
zone. For comparison, the location of the maximum pre¬ 
cipitation hardness values is plotted on the dot and dash 
curve. All of the fractures occur further away from the 
weld than the second hardness maximum. 

The endurance limit of the quenched specimens with i. 
polished weld averages ±17 kg./mm.* (24,100 psi.), as 
shown in Fig. 56. Nearly all of the fractures occurred a 
considerable distance from the weld line, which means ai 
positions of lower stress and poorer surface condition. 
Again the endurance limit does not depend upon the 
welding time. Except for one weld fracture, all test speci¬ 
mens failed outside of the second hardness maximum. 
In Fig. 56, the location of the maximum precipitation 
hardness is again plotted as with the unmac^ned joints. 
Further work on the remaining specimens was dispense: 
with because it did not seem practical. The completed 
tests should be sufficient to confirm the fact that the ar- 
tifically increased stresses do not endanger the weld in 
either the flash-trimmed or the polished condition. It 
could even be inferred that the strength of the joint was 
increased by this means. 

The numerical results of these fatigue tests are tabo- 
lated in Table 9. 

In the polished condition the material has a fatigue 
endurance limit of ±19.8 kg./mm.* (28,100 psi.). The 
specimens with the rolled surface left on failed at a nom- 
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Test _Test Specimens__Endurance Limit 


Series 

Material 

Welding Treatment 

Surface Condition 

Kg./Mm.* 

Psi. 

1 

2 

3-4 

5-7 

8-9 

10-11 

C. D, E. F, M 

E, F. M 

A, B 

C, D. E. F 

A, B 

C. D 

Unwelded 

Unwelded 

Welded, air-cooled 
Welded, air-cooled 
Welded, quenched 
Welded, quenched 

Polished 

Rolled surface 

Flash trimmed, not machined 

Machined and polished at the w eld zo.ne 
Flash trimmed, not machined 

Machined and polished at the weld zone 

19.8 

16.5 

16.5 

18.5-16.7 

17.6 

17.0 

28,200 

23.500 

23.500 

26,300-23,800 

25,100 

24,200 


inal stress as low as ± 16.5 kg./mm.* (23,400 psi.). The 
surface factor proposed by Thum and Buchmann is cal¬ 
culated as follows: 


This value agrees adequately with the results of Jiinger 
and Lehr, whose factor for the rolled surface of Structural 
Steel 37 was 1.21. 

Since the specimens fail outside of the weld line, the 
strength values obtained for the welded joint are between 

16.5 kg./mm.* (23,400 psi.) and 19.8 kg./mm.* (28,100 
psi.) depending upon the surface condition at the frac¬ 
ture. With respect to the correlation between the weld¬ 
ing technique and the quality of the joint, the following 
conclusions may be drawn from these results: 

1. The rolled surface has a greater influence on the 

endurance limit of the joint than the weld. 

2. The joints with only the flash removed, because of 

the increased reinforced cross section and the 
strength of the joint itself, are insured against 
failure to the extent that small weld-line defects 
do not cause the joint to fail at this point. 

3. Welds with a polished surface may be regarded as 

having a fatigue strength at the weld line equal 
to that of the unwelded material. 

4. The residual stresses remaining in the weld do not 

decrease the fatigue strength. 

5. The fatigue strength in general is independent of 

the welding energy and the welding time. How¬ 
ever, joints which have been welded with a very 
high energy input in an exaggerated short time 
have a tendency to break in the weld line. 


Defective Welds 

The above-described investigations have shown that a 
well-made joint does not fail at the weld. However, in 
the case of a weld-line failure, it may be assumed that 
the weld was defective, although the poor quality of the 
joint could not be detected from its external appearance 
or from a tension test. Defects encountered though 
fatigue testing should receive special attention since the 
oxide inclusions and other irregularities caused by poor 
welding are observed exactly as they occurred in the cross 
section of the weld. In the fatigue tests, as contrasted to 
the tension test, even the smallest defects are discovered, 
which gives the investigator a better opportunity to study 
the details of each variation in tlie welding schedule. It 
is for this reason that joints were tested which would 
normally be rejected because of their poor external ap¬ 
pearance. 

Since it was impossible to gage the loads to be used for 
defective welds so that failure would occur during the 
third loading step, the interpretation of the results ob¬ 
tained is somewhat imcertain. The specimens that 
failed after a large number of load increments may 
have been strengthened, and it cannot be known whether 
the test specimens which broke during the first load incre¬ 
ment might not have failed at a lower stress if the test 
had started at a lower load. Regardless of this uncer¬ 
tainty, the data of the Test Series 1-11 on defective 
welds, some of which were obvious from their external 
appearance, give several interesting conclusions. 

Out of 82 joints, J.4 failed in the weld, of which 9 were 
in Series 7. This large number of failures should not be 
taken as an example of regular production welds, because 
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these were experimental welds, and in each case the at¬ 
tention of the welder had to be concentrated on various 
other phases of the welding process. Except for two of 
the defective welds, none of the fatigue specimens with¬ 
stood the first load increment, though, with one excep¬ 
tion, all withstood 1,000,000 cycles. 

The fourteen defective welds may be separated into 
three groups on the basis of welding time. Specimens 
No. 71 and 81 of experimental Series 5 and 10, with a 
welding time of o7 and 58 sec., belong in the first group. 
Although one specimen was water quenched (the other 
was air cooled) they both had about the same .strength 
which was comparatively high. The appearance of the 
fracture of the air-cool^ joint differs very little from 
that of the unwelded material. The fracture started at 
two defects in the weld which may still be recognized. 
At the point where the two fatigue-fracture surfaces 
join, a step has formed which runs toward the center. 
The final fracture is coarsely crystalline thus indicating 
that failure occurred very near to the weld line. The 
final fracture of the quenched specimen has a similar 
structure. On the other hand, the fractured surfaces of 
this specimen are deeply fissured. The fatigue fracture 
started at defects caused by oxide films on the outer edge 
of the weld. 

The second group consists of the thr^e defective welds 
in Experimental Series 4, which had a welding time of 40 
sec. Their average strength was 14% lower than that of 
Group 1. The final fracture was coarsely crystalline. 
The uneven structure of the material at the weld could 
be clearly observed on the fractures by the irregular, 
radiating or scale-like projections and depressions. A 
number of bright-lustrous and dark inclusions could be 
observed without magnification. 

The third group includes the weld failures of Experi¬ 
mental Series 7. These are caused by welding'with an ex¬ 
cessively high energy input. The welding times for most 
specimens were between 7 and 14 sec. The strength val¬ 
ues vary widely. It was observed that the appearance of 
the fractured surfaces was in line with the strength ob¬ 
tained. The better welds very seldom show any irregu¬ 
larities on the fracture except at the starting point where 
a slight unevenness occurs. Since this type of fracture 
is also observed on unwelded material, it cannot be un¬ 
conditionally stated that the weld in these joints is de¬ 
fective. The remaining fracture also shows no indication 
of an unsatisfactory weld structure. The defective welds 
having a low strength give an entirely different picture. 
The lower the strength of the defective welds, the larger 
and more numerous are the oxide inclusions and craters 
with bright metallic or dark oxidized surface. The dark 
coloring generally occurs along the outside edges of the 
weld and is probably caused by the stronger attack of the 
air. Many times the fractured surface was so heavily 


covered with slag and irregularities that it was impossible 
to determine the starting point of the failure. Tlie two 
defective, lowest strength welds, have a smooth uniform 
oxide skin which was interrupted only by a few bright and 
dark hollow places. This indicates that no actual weld¬ 
ing took place. Some individual grain clusters were 
broken out by forcibly breaking the specimen, but there 
was no. true fracture at the end of the test. It is note¬ 
worthy that these test specimens withstood more than 
100,000 cycles at a stress of ±14 kg./mm.^ (19,900 psi.). 
Worse joints are hardly conceivable. 

Since defective welds with slag inclusions or other weld¬ 
line defects around the perimeter have quite different 
strengths, it appears likely that a causal relation exists 
between the welding conditions and the strength of the 
joint, and that weld-line defects, such as porosity, oxide 
inclusions, etc., could not be considered to act the saint 
as sharp notches on the fatigue strength of the joints 
This could be explained 'to a certain extent by the photo¬ 
micrograph of Fig. 57, which shows that the large and 
small inclusions are well rounded, which prevents high 
local stress concentrations from occurring. The decrease 
in the cross section of the weld caused by defects simply 
increases the average stress, while localized effects do not 
occur. Even the total effect of the defects would prob¬ 
ably not be too serious, because experience shows that 
notch effects of this nature only slightly reinforce each 
other. 

In considering defective welds as a whole, it may be 
seen that there is a wide variation in strength of welds 
made with extra short welding times, and ^so that the 
values get better as the welding time increases. Since 
the defective welds would (otherwise) have been satis¬ 
factory, the same as the other welds in their respective 
series, it may be concluded that the influence of the ef¬ 
fects which cause defects increases with decrease in weld¬ 
ing time until, at very short welding times, the welding 
conditions have changed fundament^y. The wide vari¬ 
ation which comes with short welding times suggests the 
additional assumption that not one, but several condi¬ 
tions are responsible for weld-line defects. 

With these complicated conditions, it seemed ad\*is- 
able first of all to determine under what conditions de¬ 
fective welds are produced. One of the contributing fac¬ 
tors could be the upsetting pressure. This factor has not 
been included in the record of the welding conditions. 
Furthermore, it must be understood that this factor 
fluctuates within certain limits with manually operated 
machines. In order to clarify this, a niunbCT of welds 
were made on the WS6 flash welder with Taps 5 and !S 
with deliberately different upsetting pressiues. No ac¬ 
tual pressure raeasiuements were attempted. The re¬ 
sults of these tests compose Experimental ^ries 12 and lo 
which are plotted in Fig. 58 

All specimens welded on Tap 5 failed in the 
weld line between ±5.6 and 15.4 kg./mm.* 
(8000 and 21,900 psi.). There is no correlation 
between the welding time and the strength 
because the strengths of welds made fast or 
slow are not consistently high or low. No 
correlation could be made between the test 
results and the length of the flashing (bum- 
off) period, although at first that did seem 
possible since the two specimens with the best 
fatigue strength also had the longest flashing 
times. Closer examination shows that with 
increasing flashing period, an equal number of 
strength values would fail to satisfy such a 
correlation as those that would. Also a corre¬ 
lation was not obtained by evaluating the pre¬ 
heating and flashing times in a different 
way. 



Fig. 57—Slag Inclusioiu in the Wald Lina Cauiad by Insuificiant Upiat (100 X) 
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Fig. 58—Fatigue Strength of Defective Welds Caused by Insufficient Upsetting Pressure 


Again, the appearance of the fracture improves as the 
strength increases. In Fig. 59, the fractured surfaces 
are shown in the order of their strengths. The specimens 
with low strength have a heavily slagged (oxidized ?— 
Trans.) weld. The fractured surface was metallic in ap¬ 
pearance at only a few places. The stfrface, in gener^, 
was covered with craters that were more or less oxidized. 
No true fatigue fracture occurred, but with increasing 
strength, the distinction between the fatigue and residual 
fractures became more pronounced. From about the 
fourth specimen on, the difference in structure of the 
fractured surfaces is readily recognized. The larger slag 
formations are present only at the edges of the specimen 
at which places, it becomes more and more clear, the 
fractures started. The test specimens with a strength 
above *13 kg./mm.* (18,500 psi.) have scarcely recog¬ 
nizable inclusions at which the fracture started. Also, 
the weld line itself could be identified only by a few scale¬ 
like irregularities and the coarse structure of the final 
fracture. 

From the results of these tests it may be stated that 
when there is an insufficient amount of upset, defective 
welds with varying strengths will be produced. Since 
the nature, size and distribution of the inclusions found 
on the fractured surfaces may be used as an indication 
of the upsetting effect, and since the appearance of the 
fractured surfaces runs parallel to the strength values, it 
may be definitely assumed that there is a close correla¬ 
tion between the upsetting pressure and the strength of 
the joints. 

From observation of the fractures, an understanding 
can be obtained of the mechanism of slag disposal during 
upsetting. Since the particles of the heated cross section 
yield more readily to the upsetting pressure the closer 
they are to the surface of the bar, a pressure gradient 
toward the outside surface is established at the weld line. 
Consequently, the more mobile the surface particles, the 
more quickly and easily will they be forced toward the 
outside. The center of the weld is, therefore, freed of the 
undesired constituents, in which the overheated metal is 
included. This cleaning action in the weld may be seen 
clearly on the fractured surfaces. Figures 60 and 61 show 
additional details. The large inclusion of Specimen 94, 
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Fig. S9—Fatigue Fractures of Defective Joints Welded on Tap 5 
oftheWS6(l X) 
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Figs. 60 and 61—Fractures of Test Specimens 92 and 94 
(3.3 X) 

Fig. 61 

a, Residual fracture; b, slag; c, slag constriction. 


which gradually gets wider toward the outside surface, 
shows the effort of the slag to flow toward the weld sur¬ 
face under the upsetting pressure. At the same time 
there is a danger of the slag particles being pinched off, 
indications of which may 1^ seen in the photograph of 
the fracture. With an increase in the upsetting pressure, 
the slag inclusions are pressed together so tightly that 
channels are formed which penetrate well into the middle 
of the cross section. This condition is illustrated by the 
photograph of Specimen 92. The materially higher 
strength of this joint shows that the expulsion of the slag 
is well advanced. In view of the deep penetrating slag 
inclusions which are still present, the endurance limit of 
± 13 kg./mm.* {18,500 psi.) is quite remarkable. It has 
already been mentioned that weld-line defects of flash 
welds are not to be considered as sharp notches. Ap¬ 
parently, it is also significant that the slag inclusions take 
the form of transverse channels. 

Correlations are harder to detect in the specimens 
welded at transformer Tap 8. Since many of the speci¬ 
mens broke outside the weld, there is an indication that 
different conditions exist. Also the appearance of the 
fractured surfaces does not provide a satisfactory means 
for evaluating the joint. In general, large slag inclu¬ 
sions were present. Figure 62 shows the fractured sur¬ 
faces arranged according to the fatigue strength. As a 
peculiarity. Specimen 96 shows a spot with a metallic 
luster having fine irregular branches. This spot is prob¬ 
ably not welded because the upsetting pressure was in¬ 
sufficient to overcome the counter pressure of the trapped 
gases so that the abutting surfaces could join together. 

The reasons for the different correlation between the 
slag formations and fatigue strength of specimens welded 
with a high energy input will be discussed in more detail 
later on. 


No. Stre n gt h 




Fig. 62—Fatigue Fractures of Defective Joints Welded at Tap 8 
on the WS6. Specimens Are in Order of Their Fatigue 
Strength (2 X) 
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The Development of a Welding Laboratory 

Battelle Memorial Institute 


I N modem engineering, the advantages 
of making metal structures one-piece, 
by welding or other similar methods of 
foining, have become so obvious that 
there is insistent demand for evaluation of 
the suitability of different metals and al¬ 
loys for such joining. Such evaluation is 
clearly metallurgy. 

There is equal demand for evaluation 
of the converse, the applicability of vari- 
DUS welding and joining method to the 
various metals, which at first sight might 
be considered a branch of mechanical and 
electrical engineering, taking metallurgy 
as it comes. 

However, it generally happens that the 
two have to go together to get the best 
.'onipromise, with a bit of adjustment of 
the metallurgical properties better to suit 
the necessary welding conditions, and 
iome modification of welding techniques 
better to suit the metallurgical idiosyn¬ 
crasies. The metallurgist, tackling his 
end, soon finds that he must pay attention 
to welding technique, and the welding en¬ 
gineer who neglects the metallurgical 
jhases soon finds that he cannot transgress 
•ome of the fundamental laws of metal- 
urgy. When both get together they begin 
to get somewhere. Each one requires the 
•ipecial equipment and the scientific back¬ 
ground of both fields, so a “welding lab- 
)rab>ry” worthy of the name is necessarily 


a cooperative affair. The present welding 
laboratory at Battelle Memorial Institute 
is an outgrowth of such cooperation. 
Battelle's introduction to welding research 
came through the need of evaluating 
“weldability" as one of the many impor¬ 
tant attributes or tests affecting the com¬ 
mercial utility of steels. As welding equip¬ 
ment and personnel were secured for tl^ 
evaluation from the testing point of view, 
more and more problems arose in which 
research examination of welding processes 
from other aspects than that of mere test¬ 
ing was required. 

As equipment for and experience in 
studying welding processes were built up, 
more and more problems came in requiring 
full cooperation of metallurgist and welder, 
until Battelle finally found itself in pos¬ 
session of quite a welding laboratory, and 
found that such a laboratory is as essential 
in the Institute's services to science and 
industry as the experimental foundry. 

Before the start of the war, the Welding 
Laboratory had become sufficiently well 
rounded to be of immediate service to 
various war agencies, and the war work in 
turn led to further expansion, improved 
equipment and enhanced experience. This 
is not to say that the Welding Laboratory 
“just growed,” for the Institute's execu¬ 
tives have long been enthusiastic about 
the possibilities of the combined metallur¬ 


gical and welding technique research, yet 
the growth has been far beyond early ex¬ 
pectations. 

Weldability of Staeli 

A large part of Battelle’s welding re¬ 
search has been on the weldability of 
steel. Following the first fundamental 
work on the relation of hydrogen in steel 
to weld-metal defects,^ research was begun 
on other phases of weldability, entailing 
studies of the hardness and ductility of 
welds and weld joints, weld and parent- 
metal crack sensitivity, fusibility, porosity, 
welding under restraint and related metal¬ 
lurgical characteristics of steels. 

An early industrially sponsored project 
was on the weldability of aluminum-de¬ 
oxidized steels. A report on this work was 
published in Tkb Wblding Journal in 
1941.* In more recent investigations, 
the influence of aluminum on the welda¬ 
bility of steels been further studied, 
and several projects have also been con¬ 
ducted on the effect of copper on the weld¬ 
ing qualities of carbon and carbon-man¬ 
ganese steels. 

In 1941 work was started for the Weld¬ 
ing Research Committee of the Engineer¬ 
ing Foundation on the weldability of car¬ 
bon-manganese steels. A large quantity 
of rolled and cast steel plates, in various 
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thicknesses and of various chemical com¬ 
positions, was procured and is being held 
for investigations sponsored by the Weld¬ 
ing Research Council at Battelle and other 
laboratories. A report on the Battelle 
investigation on wdd-bead hardness and 
bend tests of the carbon-manganese steels 
was published in The Welding Journal 
in 1942.* The Welding Research Council 
has recently authorized a continuation of 
work on these steels, and tests to deter¬ 
mine their notched-bead slow-bend prop¬ 
erties (ductility of heat-affected metal) 
are now in progress. 

The weldability studies were extended 
to alloy steels in a project, conducted for 
Watertown Arsenal, on the weld-bead 
hardness of thirty-four representative 
carbon, nickel and nickel-chromium steels. 
A paper describing this work was published 
in The Welding Journal in 1943.* In 
another project, the atomic-hydrogen 
weldability of alloy steels for aircraft 
propellers was investigated. 

lliree projects have been completed for 
the Army Air Forces on the weldability 
of alloy steels for aircraft structures. Out 
of these came much of the data used in 
the preparation of the report of the Ameri¬ 
can Welding Socxbty Subcommitte on 
Weldability Standards for Alternate Air¬ 
craft Steels, from which the tentative 
standards (The Welding Journal, Feb¬ 
ruary 1944) were drawn. This work was 
also discussed in a paper published in The 
Welding Journal in 1943.* A related in¬ 
vestigation sponsored by the Army Air 
Forces is now in progress, in which the in¬ 
fluence of carbon, manganese, sulphur and 
other elements on the weldability of air¬ 
craft structural steels is being studied. 

As an outgron4h of these weldability 
studies, an extensive investigation, cov¬ 
ering a period of almost two years, was 
conduct^ for the War Production Board 
on the improvement of the welding char¬ 
acteristics of low-alloy high-strength steels. 
The metallurgical aspects of this work have 
been described in a recently published 
paper.* 

At present, an investigation is in prog¬ 
ress on the metallurgical characteristics of 
high-strength steels. This research in¬ 


cludes a study of the crack sensitivity of 
the steels during metal-arc welding, and 
the relation of crack sensitivity to steel¬ 
making and processing, chemic^ composi¬ 
tion and other properties of the steels. 

Two current investigations, which do 
not deal specifically with weldability, but 
which may be put in this classification, 
deal with the graphitization of welded 
carbon-molybdenum steel piping for high- 
temperature steam lines,* and with the 
effect of various types of structural paints 
on the quality of wdds which are deposited 
on painted steel surfaces. 


Welding Electrodes 

During the early stages of the military 
aircraft production program, when met^ 
arc welding first began to be widely used 
in the fabrication of tubular airframes and 
similar structures, the problem of suitable 
welding electrodes received much atten¬ 
tion. At this time the Army Air Forces 
sponsored a project at Battelle on the eval- 
uati<m of the operating characteristics of 
electrodes for use in airframe welding. 
Various classes and tsrpes of metal arc 
welding electrodes were tested and classi¬ 
fied according to ease of operation and 
quality of the welds. The results of this 
investigation were published in The 
Welding Journal in 1942.* 

The Welding and Ceramic Divisions of 
the Institute are now conducting a num¬ 
ber of investigations on metal arc-welding 
electrodes. Some of these deal with the 
formulation of electrode coatings for spe¬ 
cific operating conditions, welding char¬ 
acteristics and weld-metal properties, and 
with problems on the mixing, extruding 
and drying of coatings. Another project 
involves fundamental studies of the weld¬ 
ing arc, the characteristics of metal trans¬ 
fer, the influence of arc atmospheres on 
weld and parent-metal cracking and weld- 
metal porosity, and the functions of the 
parent plate and the electrode core wire. 

An investigation has been made of the 
operating characteristics and weld-metal 
properties of various commercial hard- 
facing electrodes and gas-welding rods. 


In collaboration with the Physical Metal¬ 
lurgy Division, the properties of specif 
hard-facing alloys have been studied. 

An investigation is also being conducted 
by the Foundry Division on the devdof- 
ment of wire for cast iron metal-arc asd 
gas welding. 

Resistance Welding 

At the start of the war, Battelle begu 
investigations for the Navy Departmeci 
and the Office of Scientific Research am: 
Development on the flash-welding of alliT? 
steels for aircraft and ordnance ^phes- 
tions. In connection with this wosk, i 
translation was made of the G^man book 
Production Technique and Quality of FJas^ 
Welded Joints, by Dr. Hans Kilger. Tki- 1 
text on flash wdding is scheduled to ap !| 
pear serially in The Welding Journal. I 

An investigation on the influence cf j 
welding techniques and steel quality k | 
the properties of resistance butt wel^ i: i 
steel pipe has recently been comjdetei I 
and an investigation of the resistance butt 
welding of dissimilar nonferrous alloys e 
now in progress. 

Some work has been done on tbe sp» 
welding of thin ferrous sheets, as, ei 
ample, in the fabrication of metal can.' 
and containers. 


Flame Pressure Welding 

As a result of the growing interest is tbf 
flame pressure-welding process, BatteCc 
is conducting an investigation for the CK- 
fice of Production Research and Devdop 
ment, to evaluate tbe quality of pressurt 
welds in alloy steels and the ease of produ: 
tion control of the process. The effect 
on weld quality, of factors such as magcb 
tude of pressure, rate and duration of heat¬ 
ing, amount of upset, oxidation of weldisi 
surfaces, character of gas supply, and poft- 
heat treatment, are being studied. 

In addition to the research on the pre- 
sure weldmg of alloy steels, fundamesti 
studies have been made to determine ttx 
feasibility of the process for aluminitr 
and other nonferrous metals. 
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Sirocttiral Wftldiag 

One of the early Battelle investigations 
in this field was the evalttation of metal 
arc welding techniques for tubular alloy 
steel airframes. The static and fatigue 
strengths of typical airframe joints made 
with a variety of welding techniques were 
determined, and the influence of joint 
design and stress concentration factors 
was evaluated. Smilar design studies 
have been made for other welding methods 
such as oxyacetylene, flash and pressure 
welding, and for Ugh-temperature brazing. 

An investigation now in progress deals 
with the causes and control of distortion 
in large welded steel structures, and a de¬ 
velopment of welding techniques, joint 
design and structural design for such ap¬ 
plications. In this study the relative per¬ 
formances and economies of welding and 
I other methods of joining are being consid- 
I ered. 

Welding Technkiaoe 

Investigatimis of welding »#phn}q ii^ 
have dealt with the design of butt joints 
and backing rings for steel pipe and pipe 
fittings: the study of special hard-facing 
techniques for tractor parts; the hard fac¬ 
ing of gas-engine valves; and the evalua¬ 
tion and development of methods for the 
welding of thin steel sheets with pr<qx)r- 
tionately small welds, for use in the con¬ 
struction of models for structural analysis. 

I Gas Welding; Flame Cutting; Flame 
Hardening 

In connection with the work on weld¬ 
ability of steels and the development of 
welding rods and electrodes, considerable 
work has been done using oxsracetylene, 
oxyhydrogen, atomic-hydrogen and inert 
gas-shielded arc welding. 

Studies of the flame cutting and deseam- 
ing of stainless steels have been made. 
In the flame hardening of steeb, an inves¬ 
tigation was conducted to determine suit¬ 
able methods and steels for flame-hard¬ 
ened machine parts. 



Dr. O. £. Harder 


Brazing and Soldering 

Brazing and soldering long have inter¬ 
ested Battelle metallurgists. In 1936 
an investigation was made to compare 
physical properties of tin-lead solders 
made from virgin metals with those of 
secondary origin, i.e., electrolytkally re- 
fineo solder, and secondary or reclaimed 
solder. The findings were published* 
and covered the results oi studies of me¬ 
chanical and electrical resistance proper¬ 
ties of the massive solder, and of studies 
of the strength of joints made from the 
various solders. 

Intermediate solders, silver solders and 
solder fluxes also have been investigated. 
Wartime problems of substitution and 
conservation resulted in a survey of low- 
tin and tin-free solders. This work was 
conducted for the War Production Board, 
and the results have been published.^ 

Early in its history Battelle was con¬ 
cerned with the brazing of steel with cop¬ 
per, and this was later extended into in¬ 
vestigations of cladding metals by furnace 
brazing procedures. The great interest 
in brazing or hard soldering of aluminum 
has resulted in pertinent studies, including 
studies both of furnace brazing and of salt- 
bath brazing. 

Fadlitlas and Equipment 

The entire facilities and specialized 
"know-how" of Battelle's several research 
divisions can be brought to bear on any 
welding project. As welding research ac¬ 
tivities have expanded, facilities in equip¬ 
ment and personnel have kept pace. The 
laboratories are equipped not only to 
handle research connected with the metal¬ 
lurgical aspects of welding, but also related 
research in process and technique develop¬ 
ment, structural design, distortion and 
stress analyses, and the occasional attend¬ 
ant economic and statistical surveys. 
This has called for collaboration between 
the Division of Welding Research and 
other divisions of the Institute, for ex¬ 
ample: the Process Metallurgy Division, 
on problems of steel manufacture and 
quality control; the Foundry, where spe- 
heats of metals are made and proces^ 
for welding; the Ceramic Division, for 
electrode coating development and special 
ceramic problems; the Nonferrous Metal¬ 
lurgy Division, particularly for problems 
in brazing and soldering; and the Physics 
Division, on problems of instrumentation, 
testing and stress analysis. In addition to 
the equipment in these divisions, there 
are available photographic and X-ray 
equipment for all types of macro, micro 
and radiographic inspections; complete 
machine shop facilities * a large laboratory 
for chemical and spectrographic analyses; 
electron diffraction and X-ray spectrom¬ 
eter apparatus; equipment for corrosion 
testing, stress analysis, fatigue tests, wear 
tests and all other forms of mechanical 
testing of metals; and vacutim fusion ap¬ 
paratus and other equipment for gas ex¬ 
traction and analsrsis. 

The arc-welding equipment of the Weld¬ 
ing Research Division includes four d.-c. 
motor-generator units, three transformer- 
type a.-c. units and a rectified d.-c. unit, 
covering the range of types and sizes of 
such machines used in production work. 

battelle memorial institute 


One of the d.-c. machines is equipped with 
remote current control, and one of the a.-c. 
machines is equipped with superimposed 
high-frequency current for easy arc start¬ 
ing and control. 

Automatic arc welding is done with an 
automatic welding head equipped with 
electronic control for either a.-c. or d.-c. 
welding, and for continuous (coil) or stick 
feed, with either bare or covered electrodes. 
This unit can also be used for automatic 
submerged arc welding. 

Complete equipment is also available 
for atomic-hydirogen, helium- and argon- 
shielded arc, and carbon-arc welding, for 
GXjracetylene and oxyh3rdrogen welding 
and brazing, and for manual and machine 
oxygen cutting and flame hardening. 

The present flash-welding equipment 
consists of a 30-kva. mechanically operated 
machine, with aiixiliary automatic cur¬ 
rent control for preheat and postheat 
treatments in the welding machine. This 
machine has also been adapted for resist¬ 
ance butt-welding studies. 

The pressure-welding machine, designed 
for research use, b hydraulically operated, 
with a maximum capacity of 28,000 lb. 
It has metering valves and accumulators 
to permit operation under variable pres¬ 
sure, or rapid upset or impact. It is 
equipped with timing mechanism for com- 
pletdy automatic control of all phases of 
the welding cycle. Burners, mixers and 
auxiliary apparatus are available for 
either oxyacetylene or compressed air- 
natural gas welding. 

Other welding laboratory equipment 
includes a 3000-amp., d.-c. h^gnaflux 
imit, adaptable to bo^ wet and dry mag¬ 
netic inspection for cracks and defects in 
steels; a fluorescent-oil inspection unit 
for the detection of flaws in nonmagnetic 
materials: automatic recording equipment 
for a.-c. and d.-c., voltage, and arc time, 
and for flash-welding and resistance-weld¬ 
ing work; special recording equipment, 
such as a multiple-element oscillograph, 
high-speed watt-hour meter, motion pic¬ 
ture camera, etc.; cabinets for constant- 
temperature storage of specimens, and for 
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constant-temperature-humidity storage of 
welding electrodes; electric mufHe fur¬ 
naces for beat treatment; end numerous 
machine tools supplementing the more 
complete facilities of the Institui^’s ma¬ 
chine shop. 

Perioxmel in Welding Reieazch 

Early encouragement and guidance 
from Clyde Williams, director. Dr. O. E. 
Harder, assistant director, and Dr. S. L. 
Hoyt, technical advisor, have contributed 
much to Battelle's growth in the field of 
welding research. Without Mr. Williams’ 
decision to inaugurate a division of welding 
research the scope of this growth would 
have been limited. 

The staff of the Division of Welding 
Research is headed by C. B. Voldrich and 
includes eight research engineers and ten 
technicians and assistants. In addition, 
Chester R. Austin, supervisor of ceramic 
research, Clarence E. Sims, supervisor 
of research in steel processing, Dr. Howard 
W. Russell, assistant to the director and 
chief physicist, Dr. Bruce W. Gonser, 
supervisor of nonferrous research, and 
others are instrumental in the progress of 
current welding and brazing investigations. 



C. B. Voldrich 


Mr. Voldrich is a graduate of Purdue 
University and the University of Wiscon¬ 
sin. Prior to coming to Battelle in 1941, 
be was associated with the Biu'eau of 
Ships, the A. O. Smith Corp., and the 
Portland Cement Association. He has 
specialized in welding metallurgy and 
structural engineering, and is a member of 
tbc Ajibrican Welding Society, Tau 
Beta Pi and Sigma Xi, and takes an active 
part in the work of the technical commit¬ 
tees of the former and of the Welding Re¬ 
search Council; 

R. D. Williams is assistant supervisor 
of the Division of Welding Research, and 
is a graduate of Harvard and Massachu¬ 
setts Institute of Technology. Prior to 
coming to Battelle in 1942, he had been on 
the teaching staff of the University of 
Illinois. He is a member of the American 
Welding Society, American Institute of 
Mining and Metallurgical Engineers and 
American Society for Metals. 

The success of many of Battelle's early 
projects concerned with weldability esan 
be attributed to Dr. Harder. A graduate 
of the University of Oklahoma, he received 
his doctorate from the University of Illi¬ 
nois in 1915. Following several years of 
research for various industrial concerns, 
he became professor of metallography at 
the University of Minnesota, a position he 
held until be became associated with 
Battelle in 1930. 

A past-president and Howe Medalist of 
the American Society for Metals, Dr. 
Harder has been active in several technical 
societies. In addition to the American 
Society for Metals, he is affiliated with the 
American Chemical Society, the American 
Society f(x Testing Materials, the Ameri¬ 
can Institute of Mining and Metallur¬ 
gical Engineers, the American Association 
for the Advancement of Science, the So¬ 
ciety for the Promotion of Engineering 
Education, Alpha Chi Sigma, Phi Lambda 
Upsilon and Sigma Xi. He is the author 
of several books and numerous bulletins 
and technical papers on metallurgy. 

In recent years, much of the welding 
research has been under the general di¬ 
rection of Dr. Hoyt. A graduate of the 
University of Minnesota, Dr. Hoyt also 
attended the Charlottenburg Technical 
School and Columbia University, receiv¬ 
ing his doctorate from the latter school in 
1914.- Prior to joining the staff of Battelle 
in 1939, he was successively assistant and 
associate professor of metallography at the 


University of Minnesota for sue 3rears; :• 
search metallurgist for the General E? 
trie Co. for eleven years; and resar: 
metallurgist and director of metalhxrfn 
research for the A. O. Smith Owp. 
eight years. 

The author of several books and na ' 
articles on metallurgy. Dr. Hoyi 
made numerous contributions to ink- 
trial science, particularly in the fields 
metallurgical control in the fabricatix 
steel products, the fabrication of staiil^ 
steel vessels for the chemical indasr 
steel welding, steel quality control, iri' 
iug practice, heat-resistant alloys, 
mented tungsten carbides and impu 
testing. He is a member of the Amerin; 
Society for Metals, the American lif- 
tute of Mining and Metallurgical E.~: 
neers, the British Institute of Metal;." 
American Welding Society and Sigma 
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Effect of Recent Research on the 
Weldability and Control of the 
Production of Steel Aircraft Tubing* 

By Arthui J. Williamson^ 


Parti 

Introduction 

r WO years ago, the Office of Production Research 
and Development, through the facilities of the 
BattelleMemorial Institute, initiated aresearch on 
he weldability of low-alloy steels. The results of this 
nvestigation have been given in a recent paper entitled 
'Metallurgical Factor of Underbead Cracking" by S. L. 
ioyt, C. E. Simms and H. M. Banta; a Preprint of the 
kraerican Institute of Mining and Metallurgical Engi- 
eers. Technical Publication No. 1847. The present 
aper is a critical review of the results of this research 
nd the data herein contained have been taken from this 
iI.M.E. publication, in addition to the detailed results 
jntained in the final project report. 

At the outset of the war, practically all fabricators of 
letallic materials realized that welding was going to play 
big part in the production of mat^el for war. The 

* Scheduled for the Twenty-Sixth Annual Meeting, A.W.S.. October 1945. 
t Chainxwa of a project committee, appointed by the War Metallurgy 
>ainittee. to act in an advisory capacity to the Office of Production Reacarcn 
d Development—Project 13; also Chief Metallurgist. Summerill Tubing 


aircraft industry, confronted with the making of 50,000 
airplanes per year was among the first to acknowl^ge 
the importance of proper welding. The problem of the 
training of welders to do the job was also huge. 

Although the fundamentals of welding have been 
known for a long time, it is not believed that they have 
been appreciated by the men who do the welding as 
much as they should have been. This is perhaps because 
of lack of education. Plant management has also been 
reluctant to adopt safe welding practice particularly if 
superficially it did not appear too important. Seemingly, 
post heating, preheating and controlled cooling are 
looked upon as unnecessary expenditures. It is ex¬ 
tremely difficult, in the welding of other than low-carbon 
steels, to make the welder fully realize the importance of 
the metallurgical considerations involved when he begins 
to heat metal with an oxyacetylene fiame, or when he 
strikes an arc. 

Although it may be disputed, the welding of low-carbon 
steel is relatively simple when compared to the welding 
of the low-alloy, high-strength steels with carbon con¬ 
tents of approximately 0.30% and over. 

There has been much written in the literature during 
the past 20 yr., both in this country and abroad, as to'the 
causes and prevention of the so-^lled "welding crack" 
in the alloy steels noted above. The 
problem has been particularly trouble¬ 
some in the aircraft industry where 
these low-alloy, high-strength steels 
(e.g., X4130), especially where sheet 
and tubing of relatively light gages 
are used. 

When the Project Committee was 
appointed by the O.P.R.D., one of 
the problems with which it was pre¬ 
sented was "weldability." There were 
several phases of this problem; for 
example, the Ordnance Department 
of the U. S. Army had some fabrica¬ 
tion difficulties in the making of gun 
mounts, tank parts, etc. The aircraft 
industry had many problems in the 
manufacture of engine mounts, fuse¬ 
lages for training planes (which are 
practically all tubing construction), 
landing gear struts, all of which are 
made from tubing welded assemblies. 
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Circular Bead Back of Specimen 

Deposit Test Showing Crack 

Fig. 1—Circular Bead Depoiit Test Specimens 


Deposit Side 
Surface Ground 
and Etched 


fhe first two photographs above show front and back views of weld test specimens 
m the crack-sensitive steel 581. Note the crack as located by the arrows in the back 
w. These cracks were not visible on the bead side but occurred on the backside of 
:h specimen. In each case the crack was located in the same relative position with 
pect to the starting point of the bead, roughly between the limits of ^ and 200®. 
merous fine cracks were found in the bead side of specimens from both 581 and 557 
iples after surface grinding and etching. However, these cracks are much too fine 
56 seen in the third view shown above. (Taken from Project NRC 514 WPB ) 
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With these problems in mind, one project was set up 
on welding called ^‘Investigation of the Welding Quality 
of Low-^oy High-Strength Steels” with which the 
writer was particularly interested and took an active 
part. This work was conducted at a research institution 
where this problem was approached, with a fundamental 
treatment and although not new, it was attacked with a 
new conception and method of explanation. Certain 
factors which appeared to be mysteries were explained 
by the application of fundamentals of physical chemistry 
and metallurgy. Only arc-welding effects were studied. 

The details of this work should be of interest to every¬ 
one in welding, and it is hoped that the points covered 
will not be too theoretical so that even the man who has 
only a little knowledge of chemistry and metallurgy will 
be able to understand and appreciate these results. 



Crack-SensiKvity Specimen Record Card with Scotch 
After Magnafluxlng Tape Transfer of Cracks 

Tig. 2 

(Taken from Project NRC 514 WPB) 



Itg. 3—This Fiequency Curve Shows That the Occurzence 
oi Cracks on the Backside of the Test Specimen Is at a mntiwn™ 
Between 30 and 40* from the Start of the Bead 


(Taken from Project NRC 514 WPB.) 


Standard Samfde—Cracking Meeisuiements 

The first work of the committee, assigned to solve the 
problem was, to procure from the field, samples of ma¬ 
terials which appear to have given trouble in welding. It 
was extremely fortunate for the committee to find two 
steels, submitted by an interested party, one of which 
seemed to always pi^uce cracking in arc welding, where¬ 
as the other, under the same conditions, did not. Hav¬ 
ing the advantage of choice samples, and sufficient 



OIUTATION 

Fig. 4—^Dilatometsi Cooling Curves fox Both the Slow asd 
Rajdd Thermal Cycles, of Steels 557 and 581 

(Taken from Tech. Pub. 1847 A.I.M.M.E.) 

quantities with which to experiment, the committee wa5 
for a long time determining a t 3 q)e of laboratory test tc 
use which could reproduce similar results every time tbt 
sample or test was repeated. The committee finally 
decided upon the use of a 2-in. square plate, ^/rin. Uikk. 
Upon this plate, under controll^ conditions, a welding 
bead was deposited in a circle of approximately l-in- 
diameter. The specimens were from two different heats 
of X4130 and were designated as heat 557 (good) and 
heat 581 (bad). Figure 1 shows the type of specimen and 
bead deposit. Specimen was polished on the backsidt 
and etched to show the degree of cracking on the under¬ 
side of the plate. It vxis important to note that someivnc 
the cracking occurred very shortly after welding and » 
other cases the cracking took several hours to many 
before cracking was ma^ evident. 

Figure 2 shows more clearly the type of cracking on 
the underside of the bead deposit after magnetic inspec- 



Rg. S—Typical Time-Temperature Heattng and Cooling Crcfe 
for the Rapid Dilatometer xeet 

(Taken from Tech. Pub. 1847 A.1.MJ4.D 
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^lataVion 

R 9 . 6—DUatometor Cooling Curves for Steels 617382 and 

41319. Note the Great Difference in the Dilatometer Curves, 
Depending Upon Prior Heat Treatment 

(Taken from Project NPC 514 WPB.) 

tion. This figure also shows the manner of making 
records as to &e degree of cracking on these specimens 
measured in circular degrees. 

Figure 3 shows the frequency of the occurrences of the 
crac^ with respect to the start of the bead. One will 
note the frequency of the cracks approximately 180-300® 
from the sta^ng point of the bead. One will also note 
the low number of cracks at a position of 30° from the 
start. It is reasonable to believe that the absence of 
cracks in this 30° region is caused by the heat input of the 
arc when the end of the weld bead is approached and the 



Itg. 8 —^Dilatomntar Cooling Cutvm 
The above cooling curves show the effect that structure has upon 
the ren»n8e of the steels to rapid heating immediately followed by 
air cooling. Note the spheroidbdng treatment has eliminated any 
evidence of ffie ARi and ARi points which are ^vious in the-case 
' cl the normalized rteels. It is ^ interest to note both steels showed 
similar temperature-dilation characteristics after having received 
the same thermal treatmenL (Taken from Project NRC 514 WPB.) 

closing of the circle results in some tempering of the pre* 
viously deposited bead. 

Dilatometer Studies 

After considerable study and looking for a solution 
for the reasons for the repeated cracking of one steel as 
opposed to the other, a thorough study was made of the: 
steelmaking practice, hardenability, chemical analysis, 
metallurgies examination, etc. It appeared that there 
were not sufficient differences between the two steels 
excepting in the metallurgical structure. It was noted 
that the steel which contained the largest carbide 
particle size resulted in less cracking than one with a 
finer carbide particle. * Substantiating this evidence, 
cooling curves were run on a dilatometer and are shown 
in Fig. 4. One will note that the normal numoer of 



Steel 617382—Insensitive Steel 41319—Crack Sensitive 

Fig. 7—^Microstructuies of the 0.065-In. Gage Steels. Longitudinal Sections Etched in Nital at 1000 X 

In the above two steels the carbide particles are smaller and better distributed in the crack-sensitive steel 41319 
than in the companion steel 617382. (Taken from Project NRC 514 WPB.) 
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Statistical Data 



Note the hardness values in the hardened zone for normalized 
and for spheroidized conditions for two steels. (Taken from Project 
NRC 514 WPB.) 


running dilatometer studies showed the good steel to 
have a lower Ars point than the one which produced 
cracking. This could not be reconciled with the carbide 
size and rate of solution. It was then conceived that 
dilatometer studies would have to be made to simulate 
those conditions that occur in arc 
welding: that is, extremely rapid 
heating and relatively fast cool¬ 
ing. This resulted in incomplete 
carbide solution thereby forming 
a higher temperature and lower 
carbon austenite. A method was 
devised to accomplish this and 
again referring to Fig. 4, one will 
note that the Ars points are now 
reversed for the two steels, thus 
substantiating the metallurgical 
findings. 

Further experimenting revealed 
that the steel which produced 
cracking in the as-received condi¬ 
tion could be made insensitive to 
cracking by certain heat treat¬ 
ments, etc. 

Figure 5 shows the typical heat¬ 
ing and cooling curve in the rapid 
dilatometer study. 

Figure 6 shows another set of 
dilatometer curves for two other 
steels with divergent cracking 
tendencies, showing the great dif¬ 
ferences in the Aju points with 
different methods of heating. 


After considerable thought and findings it became evi¬ 
dent that some standard method for indicating the crack 
sensitivity of a steel should be evolved. A statistical 
expert worked out a method whereby he assigned a value 
of 1.00 to the best steel originally found in this investiga¬ 
tion and then using the cracked measurement heretofore 
described, he was able to assign definite values to any 
steel under study with respect to the value 1.00. Thus, 
there was a method for rating crack sensitivity and as 
the number became less than 1, it indicated more crack 
sensitiveness. For example, if a steel had a crack sensi¬ 
tivity of 1.10 it meant that it was not as prone to crack 
in welding as one with a rating of 0.90. This reversal of 
figures may appear inconsistent and confusing at times, 
however, it is important to fix this in one’s mind for a 
study of curves and figures in this report. 

Metallographic Studies 

Figure 7 shows the spheroidal carbide structure in two 
steels, one being crack sensitive while the other was in¬ 
sensitive. These were studied in very light gages 
(0.065 in. gage). One will note that the insensitive steel 
shows coarser carbide particles that are not too well dis¬ 
tributed as compared to the crack-sensitive steel showing 
a very fine carbide, well distributed. L this latter case, 
the normal welding cycle would result in almost complete 
solution of all carbides, resulting in a higher hardness 
martensite. 

Figure 8 shows the effect of normalizing on steels 5o7 
and 580 in regard to the Ar« points. Although there dees 
not appear to be any differences in the Ar^ points, in 
the normalized conditions, there is a decided difference 
in the spheroidized condition. It is believed this is a 
point to be remembered for later emphasis. 

In Fig. 9 one will note the differences in weld harden¬ 
ing on normalized and on spheroidized specimens. The 
hardness is appreciably greater in the normalized condi¬ 
tion, thus a confirmation of previous findings. 

Figure 10 shows the martensitic structure in the hard 



Hard Zone in Spheroidized Steel 557 Hard Zone in Normalized Steel 557 

Fig. 10—Structures of Hard Zones at 1000 X 

The above photographs show the hard structures found in the heat-affected zones ot 
circular bead crack sensitivity test specimens. The above specimens were the same as 
used lor the hardness studies -hown in Fig. 22. Both pictures were made ISO® freer me 
point where the bead was started. 

Relatively large carbides will be noted in the spheroidized specimen. Undissolvec 
carbides were not found in the normalized specimen. (Taken from Project NRC 5U 
WPB.) 
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zones of the weld of steel 557 in the spheroidal and in the 
normalized conditions. It is to be noted that there are 
islands of free carbide remaining in the microstructure in 
the spheroidized steel showing that incomplete solution 
of previously existing carbides is present, whereas there 
are no such islands in the normalized condition. Thus, 
there is less effective carbon in the martensite resulting 
from the spheroidal steel and thus a lower hardness. 

Effect of Steelmaking Practice—Aluminum 

At this point the committee decided that a lot more 
work was necessary and it was decided to look into steel¬ 
making practice as a possible control for weld cracking. 
It is known that the use of aluminum promotes lower 
hardenability presumably by increasing abnormality 
and by causing formation of more steble carbides. An 
induction heat of steel was made to which was added 
varying amoimts of aliuninum. The first sample con¬ 
tained no aluminum, the second V/t lb. of aluminum, 
the third iVt lb. aluminum plus 9 lb. of titanium, per 
ton. The cooling curves for these three samples are 
shown in Figtue 11. One will note that the ARt points 
in the steel to which aluminum is added are considerably 
higher than the one to which there is no aluminum con¬ 
tent. 

Figure 13 shows the hardenability curves for these 


same three samples and one will note the little difference 
between the first two curves but a considerable drop in 
hardenability with I'/a Ib. of aluminum plus 9 lb. of 
titanium per ton. Figure 12 shows the stress-strain 
curves for normalized, mid normalized and drawn 
samples of these aluminum and titanium treated steels. 
These stress-strain curves bear out the hardenability 
curves shown in Fig. 13. 

It was interesting to note that on these three sample 
lots there was a decided difference in the cracking 
tendency between the steel wiUi no aluminum and that 
with aluminum and aluminum-titanium. The one that 
contained no aluminum cracked considerably. 

Figure 14 shows the photomicrographs for the steel 
containing no aluminum and that containing V/t lb. per 
ton. One will note the decided difference in the particle 
size and distribution of the spheroidized carbides. This 
ties in with the findings of the early part of this report. 

Figure 15 shows the same two steels after normslizing. 
It is to be noted that the steel containing no aluminum 
shows a typical normalized well-defined structure where¬ 
as the st^ containing V/t lb. aluminum does not show 
this type of structure but shows more free ferrite and 
agglomerated carbon areas. This condition is what one 
would normally expect to find based on the other data. 

On another set of samples with six varying al uminum 
contents it was found that the crack-sensitivity index 
increased with increasing al uminum content. 
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Fig. 13—The Above Curves Show That Steeb 962&1 and 2 

Have Practicallf Identical Hardtnability, Although Diifer 
i . Widely in Their Cracking Characteristica 

* (Taken fnxn Tech. Pub. 1647 A.I.M.M.E.) 

Aluminum vs. Cracking-Eifect of Sulphur 

Further studies were made with aluminum and the 
combination of aluminum and sulphur on crack sensi- 

• tivity. Sulphur is known to have a grain refining effect 
' and some effect on abnormality. Also the effect of sur- 

• face pinholes in the welding b^d was observed and cor¬ 
related with aluminum and sulphur combinations. In 
-all cases, the al uminum is shown as the add soluble. 

Figure 16 depicts the relationship between crack sensi- 
’ tivity and aluminum content and also the effect of heat 
ti^tment on crack sensitivity. One will note that on 
the hot-rolled and normalized specimens there was no 
•change in the crack sensitivity for the steels studied. 
However, when annealed to pi^uce the proper carbide 
^condition then normalized, the crack-sensitivity index 
'increased, thus showing a less tendency to crack with 
increasing aluminum content. 

Figure 17 shows the combination of aluminum and 
•sulphur contents on crack sensitivity. For the values 
‘indicated the higher the aluminum content with the same 
sulphur content, the greater the possibility for resistance 


to cracking. However, weld porosity increased as the | 
combination of sulphur and aluminum increased and b I 
shown in Fig. 18. The surface pinhole effect is also shovn ] 
in Fig. 19 on the weld bead. 

Cracking of N£ Steels 

In order to determine the effect of titanium and carbide 
size on another steel, samples of NE 8635 steel wm 
produced,and one will note in Fig. 20 that the ^ect 
both titanium and various sizes of carbides have very 
decided effects upon the Ar« temperatures. It was 
found also that the results of this particular study coo- 


Steel 9626-1. No Aluminum 



Steel 9626-2. Aluminum Treated 


Fig. 14 —Mole Difteience in Carbide Site in the Mieroetin^vw 
(Taken from Tech. Pub. 1847 A.I.M.M.E). 
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Ho. 15—Not* Diiferenc* in Normalised Strnctares for The** Two 

'St**U 



Jig. 16—Th* Abor* Graph Shows That th* Crack Sensitivity 
Psoases with Aluminum Content Only When the Steel 
Annealed Prior to Normalising 

(Taken from Tech. Pub. 1847 A.I.M.M.E.) 


firmed the results of previous studies in that as the 
titanium was increased and the carbide particle size in¬ 
creased, there was decidedly less cracking. 

It was interesting in this study to note that NE 8630 
steels with carbon as high as 0.40 showed less cracking 
tendency than the X4130 heats. 

To further prove the results of previous studies, three 
commercial heats of NE 8630 were obtained and were 
designated in this report as numbers 6, 8 and 10, Num¬ 
bers 6 and 8 were relatively insensitive to cracking hav¬ 
ing indexes of 1.04 and 1.10 whereas steel number 10 
was more sensitive to cracking with a rating of 0.95. 

Rapid dilatometer studies 
were made on these three 
steels and are shown in the 
curves on Fig. 21. One wiU 
again note the two steels hav¬ 
ing the higher crack insensi¬ 
tivity show the higher Ar« 
temperatures. AUotherprop- 
erties of these three steds 
were quite similar, so much 
so, that nothing could be 
gleaned from those properties. 
It would thus appear that 
this test for welding crack 
sensitivity is very impor¬ 
tant in picking out objection¬ 
able st^. 

Figure 22 shows the effect 
of the carbon equivalent and 
manganese contents in the 
three NE 8630 steels men¬ 
tioned above: when plotted 
against the index of crack 
sensitivity. These curvtt 
show the strong influences of 
both manganese and other 
hardenable elements. 


(Taken from Tech. Pub. 1847 A.I.M.M.E.) 



SULPHUR CONTENT 

ng. 17—Cuivee Siowlag the Etteott oi Sulphur and Aluminum on Cra^ Sensitivity 
(Taken frem Project NEC 514 WPB) 
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Aluminum Contents Upon the Occurrence of Snriace Pinholes 
in the Weld-Deposited Metal 



iNCaCASiNS CARBiOt SIZE 

Fiy. 20—Effect of Carbide Size and Titanium U^n the Ap¬ 
parent ARi Temperature of Spheroidized Stools 

(Taken from Project NRC 514 WPB.) 



(Taken from Project NRC 514 WPB.) 

Post Heating 

In the past several years there have been two schools 
of thought on the subject of heating after welding and the 
effect of such on the weld cracking tendencies. This 
problem was investigated quite completely in this 
project and after many studies, findings represented by 
a series of curves were plotted which took into considera¬ 
tion the crack-sensitivity test as a criterion for the deter¬ 
mination of cracks. Such a series of curves is depicted 
in Fig. 23. The one curve showing a crack index equal to 
+0.40 shows that the crack sensitivity was increased by 
that amount for times and temperatures shown on the 
graph. In other words, if a steel had previously shown a 
crack index of 0.90; with post heating, it became 1.30 
which is extremely good. AU tests were made on steel 581 
which was the steel designated as crack sensitive in the 


early part of this report. As a further interpretation of 
this curve, it is expected that all conditions of time and 
temperature existent to the right of this curve would as¬ 
sure freedom from welding cracks whereas everything 
to the left would not. The other curve on this same 
figure indicates areas which are softer than a Vicker's 
hardness (3(X)) and probably would not have any com¬ 
mercial interest. 

In general, it can be said that the most favorable post 
heating conditions can be obtained from the S-curve for 
the particular steel under study and that the most satis¬ 
factory results corresponded to the conditions in the S- 
curve which were most favorable for the formation of 
bainite. 

Hardness vs. Cracking 

In the study of the hardness vs. the occurrence of 
cracking there was good correlation 
between extremely hard or soft ma¬ 
terials. However, it was found that 
in the range of hardness between 
500 and 575 Vickers, there was 
considerable variation in the crack¬ 
ing sensitivity. It was concluded 
that the reason for this condition was 
'that alpha-martensite yras prone to 
crack whereas the beta-martensite 
had a tendency to resist cracking 
under the same hardness conditions. 
This correlation of weld hardness 
with crack sensitivity is shown in 
Fig. 24. 


Additional Data 


fig. 19—The Above Specimen Nombere Cwreipoad to the Amount oi Aluminum Ueed 
iw Deoxidation. Note the Suziace Pinholes in the Weld Beads on the High-Aluminum 

Steels, Specimens 4, 5 and 6 

(Taken from Project NRC 514 WPB.) 


Substantiation of the effect of post 
heating in the welding of low-alloy 
steels was ^own in a paper “The 
Effect of Post Heat in Welding 
Medium-Alloy Steels” by Pugacz. 
Siegel, Mack at the Naval Research 
La^ratory In this paper it was 
found that correlation of time and 
temperature vs. bend tests gave good 
mdication of the value of post h^t 
Figure 25 shows a whole series of 
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Fig. 21—Cooling Curves of Three Commercial Heats of NE 8630 


Note that transformation starts at a higher temperature in the insensitive steels 6 and 
8 as compared with the more sensitive steel No. 10. (Taken from Project NRC 514 WPB.) 


post heating conditions for various steels. The simi¬ 
larity of findings, for like steels is interesting, when com¬ 
pared with the findings of the project of WPB. 

In this article it was concluded that proper times and 
temperatures are important to realize maximum benefits 
from post heat. The time of post heat should be long 
enough to permit complete austenitic transformation. 
It is indicated, that with post heat considerations, it 
may be possible to improve design and take advantage of 
some weight saving. 

It can thus be seen that the proper post heating under 
controlled conditions can overcome nearly all possible 
difficulties that occur in welding and also eliminates the 


NO « 



■Ml V CMOt XNSITlAri 

fig. 22—The Strong Influence of Mangoneee Content Upon 
Crack Sensitivity It Dluotrated in the Above Curvee 

It will be noted fliat the carbon equivalent and manganese 
content curves are practically parallel, indicating that the man- 
ganen content is the princip^ Variable among the elements us^ 
to compute the carbon equivalent values. The latter values were 
determined by the following empirical formula: 

Carbon equivalent - + S 

o 5 4 15 

) • (Taken frcm Project NRC 514 WPB.) 


variable that one gets from heat to heat irrespective of 
best controls. 

In summary, it is pointed out that this study has 
given more insight into the why’s of what makes things 
happen than anything which has been presented before. 



^ Fig. 23—Curves Showing an Improvement in Crack Sensitivity 
Index Equal Plus 0.40 Accomplished by Post Heating 

(Taken from Project NRC 514 WPB.) 
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VICKUS HARDNESS NUMBERS 

Fig. 24—Correlation of Weld Hardness with Crack Sensitivity 



(Taken from Tech. Pub. 1847 A.I.M.M.E.) 


This information makes available to the steel maker 
something concrete which he can do to a steel to sell his 
product in the best possible condition for best weld< 
ability. In addition to this, it gives the fabricator or 
manipulator of this product who takes the material from 
the steel mill and makes it into a product which is in 
such a shape or form that it can be installed into a struc¬ 
ture by welding. The purchaser of that material will be 
reasonably sure that with the controls of the steelmaking 
and further control on the fabricated product, that he 
will have a minumum of difficulty in the welffing pro¬ 
cedure. 

If then difficulty is still experienced, the physics of the 
post heating technique is made available so that welding 
problems can be eliimnated right in the place where they 
occur. 

Partn 

Steel Aircraft Tubing 

The whole story of welding cracks in aircraft tubing 
and sheet (X4130 and 8630, etc.) is very interesting and 
varied in the attempts that have been made to find out 
the real cause for their existence. The writer has been 
associated with this subject for approximately 6 yr. 
during which time this subject has been given a lot of 
concentrated thought by people all over the world. 


There are two types of cracks existent; one type as¬ 
sociated with gas welding and the other associate vntb 
arc welding, the latter generally known as “hard cracks." 
The reasons for the occurrence of these two types of 
cracks are somewhat different. 

Approximately 5 yr. ago, most of the tube mills de 
cided to adopt the use of dectric furnace steel for the 
production of aircraft tubing. This meant that a better 
control could be obtained on the various chemical 
elements in steel and also that the sulphur content (a 
very important element in gas welding) could be brou^t 
down to a very small amount. 

In addition to this, and almost simultaneous with it, 
a control was put on the melting practice to injure fine 
grain steels as determined by &e McQuaid-Ehp test 
This grain size is controlled primarily by the use of 
aluminum and other certain features peculiar to sted 
melting. One can readily see that as a result of the re¬ 
search on the WPB project that the steps taken by tbe 
tube mills were in the right direction regarding aluminozD 
additions to steel. 

The moves mentioned above, had a great deal to do 
with the reduction in welding cracks, however, there 
were still cases where there existed this phenomenon in 
spite of the best control on the steelmaking. 

Since arc welding has been the predominant method 
of welding for the past 2 to 3 yr., the presence of hard 
cracks has been evident and it was alwajrs puzzling as to 
why certain heats or lots of steel cracked whereas others 
did not, even though all factors were nearly equal. 
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It was thought at one time that 
the tubing used in aircraft con¬ 
struction had to be in the normal¬ 
ized state and many tube mitts 
produced tubing in t^s condition 
under that assumption. In normal¬ 
izing, however, it has been diffi¬ 
cult to consistently produce the 
3 rield strength requirements in the 
Army-Navy specifications and this 
has been no end of hardship to mitts 
using the normalizing practice. 

As more and more information 
developed as to the causes of weld¬ 
ing cracks and such vital informa¬ 
tion as fotmd in this investigation, 
it became possible with a fuller 
understanding of the whole problem 
to supply aircraft tubing in ^e cold- 
drawn and stress reliev^ condition, 
with increased confidence. 

With the method of manufacture, 
and by supplying tubes in this con¬ 
dition, there is obtained a micro- 
structure which contains spheroid- 
ized carbides in the as-shipped 
material. The procedure for the 
manufacture of this grade of tub¬ 
ing is to draw with successive 
passes and subcritical anneals known 
as “process anneals” from an ap¬ 
propriate starting size which has 
been hot rolled and properly an¬ 
nealed before the start of the cold 
drawing. This combination of cold 
working and process annealing de¬ 
velops a spheroidal carbide condi¬ 
tion. The yield strength with good 
elongation is readily obtained and 
the ultimate strength is not too 
high. 

Figure 26 is a photomicrograph 
showing a typical metallograpffic 
structure in finished aircraft tulnng. 
Figure 27 shows a typical stress- 
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Tig. 26—^Mote Spheroidix*d CarbidM in ConditiMt N Aircraft 
Tubing. Cold Work It Diaoemibla in tba Microatmoturo 
X 500 


Shaded Areas Indicate Zones of Completion of Transformation for Post¬ 
heating Time vs. Temperature 

Tig. 25—Note Pott Heating Tbnet and Tomperaturae for Various Steels 

(Taken from paper in The Welding Journal, October 1944, “Effect of Post 
Heat in Welding Medixun Alloy Steels," by M. A. Pugacz, G. J. Siegel, I. O. 
Mack) 


Strain curve for cold-drawn and stress-relieved aircraft 
tubing. 

One will note, that based on this recent research, the 
Structure is best for good weldability and that the me¬ 
chanical properties are excellent. With the proper selec¬ 
tion of dectric furnace sted, controlled with sdected 
amounts of aluminum, etc., there should exist the best 
possible grade of material for good wddability. Addi¬ 
tional improvement can come from the wdder in the 
form of technique, post heating, preheating, etc. 

It can be rea^y seen that there is a considerable dif¬ 
ference between the grade of tubing produced before that 
time. It is fdt that up to the present time, aircraft tub¬ 
ing mills, in general, have done everything in their 
knowledge to produce aircraft tubing which will render 
the best service in the fidd. At least, as much has been 
done regarding the sted quality, metallographic struc¬ 
ture and mechanical properties as gaged by the knowl¬ 
edge existent up to the present moment, as can be done. 
Pu^er improvements, however, can be made regarding 
the general surface conditions and it is bdiev^ that 
drastic steps have been taken in this direction as well as 
in an attempt to eliminate decarburization or at least 
reduce both to a safe minimum. 

Thus it can be seen that a great deal of progress has 
been made and looking back it appears as though it has 
been in the right direction based upon constant research 
and findings as depicted in most recent data. 
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Fig. 27—Note Streie-StxaiB Corvee for Normaliied and for Cold- 
Drawn. Street-Relieved 8630 Aircraft Tub^g. Note the 
Dinerencee in Proportional Limit, Yield Strength, etc. 

(Reference—Sunimerill Research Laboratory) 


In conclusion, it can be stated that there will exist 
between supplier and user a mutual confidence and under 
standing on problems which are and should always have 
been mutual in the production of a product. The more 
that the two parties can get together and understanc i 
each other’s problems, the better will be the product I 
It will be necessary to develop along strictly tecluiici 
lines so that each will understand the other’s language 
This means that the tendency will be for better weldinr 
methods and it is the problem of the producer to furnish 
material which gives a minimum of trouble. This car 
only be done by mutual cooperation. 

The interest of the steel manufacturers together witi 
the tubing producer in an attempt to give the user wha; 
he needs or desires is a happy relationship that should be 
established immediately and continued in the postwar | 
years. 

With this mutual cooperation, there can then be ei 
pected a higher degree of safety in steel tubing structure 
on which ^ere is employed good welding practice an: 
good "tailor-made steel.” 

If all interested parties will accept reports such as tht 
and make every attempt to fully understand the funds 
mentals which have been presented, there should resu]: 
better understanding. There should result increase: 
production of matdriel for war and for the many itoK 
that will be produced or fabricated by welding in the 
years of "Peace” to come. 


SOME SUGGESTED RESEARCH PROJ¬ 
ECTS OF A FUNDAMENTAL NATURE IN 
THE STRUCTURAL STEEL FIELD 

1. Interpretation of the Significance of 
Types of Fractures {IiUererystaUine and 
Transcrystailine). —la some cracks that 
have occurred in constnictloa and service 
and likewise in fractures produced by test- 
ting, there has been an inclinatioa to at¬ 
tach a great deal of importance to the 
type <rf fracture. There seems to be a good 
d^ of controversy as to whether the type 
of fracture has any significance with re¬ 
gard to the catise for the start erf a crack or 
whether it simply reflects the speed at 
which the crack propagates, or possibly its 
inclination to propagate. Most cracks 
and fractures seem to start out and pro¬ 
gress for at least a short distance in a duc¬ 
tile mode, and then change to a brittle 
type dt fracture. Perhaps the extending 
erf notch-bar tests or weld-bead nick-bend 
tests into higher temperatures of testing 
such as 4(X)° to 500" C., where intercrys¬ 
talline fractures <rf the “cleavage" type 
might again be encountered, might bdp 
to throw some light upon &e proper 
method of interpreting the meaning of 
t 3 n>es <rf fractures. This kind of an inves¬ 
tigation might be more interesting to the 
Boiler Code Committee than to Structural 
Committess, although the exploraticm of 
the entire range of temperatures from sub¬ 
zero to 600" C. might give such an increase 
in imderstanding of fundamentals that it 
would be interesting to both groups. 

2. Corrdaiien Between Fatigue Strength 
of Notched Specimens, and the Results of 
Notch-Bar Impact Tests or Nick-Bet^ 
Tests. —There are a number of rather 
striking analogies between the effect of 
fatigue stressing and long period tests in¬ 


volving plastic deformations, which may 
not be altogether a matter of coincidence. 
The influence of notches and their stress 
concentration constitutes major, if not 
predominating factors, in the behavior of 
steel under almost any condition of stress¬ 
ing. Some one outstanding variable 
property erf the steel material might be 
found to be very important and have sig¬ 
nificance emnmon to fatigue resbtance, 
static strength as influenced by stress 
concentration, etc. 

3. Comparative Fatigue Strengths of 
Specimens at Higher and Lower Numbers of 
Repetition of Stress. —There have been 
several instances in the fatigue testing 
program at the University of lUiiiois, 
where two groups of specimens have been 
compared, the specimens in each group 
being thought to be identical, with the 
result that one group or type showed a 
higher fatigue strength at a low number of 
cycles than the other, but showed a lower 
fatigue strength than the other group 
when the number of repetiti<ms was high. 
Since each group contained several identi¬ 
cal specimens, it leads one to believe that 
there may be some fundamental character¬ 
istic that can cause the kind of results that 
have been mentioned, whereas we have al¬ 
ways believed, that whatever features 
might reduce the fatigue strength at a 
lower number of cycles would have an effect 
of comparable severity for a larger number 
erf repetitions of stress. 

4, Mechanism of Compression Fatigue 
Failure at Points of Stress Concentration 
such as at the End of a Partial Length Cover- 
plate on the Compression Flange of a 
Welded Girder. —Such a failure has been 
experienced at stresses and numbers of re¬ 
petitions that were comparable to what 


would have been expected in the tensa 
flange of the girder, in some of the tesui 
the University of Illinois. It would br 
very desirable to know the exact meciv 
nism of such a failure. It is possible 
the failure started in the weld and 
into the base metal of the main flasft 
especially in cases where the fracture« 
curs in a section through the root cf i- 
fillet weld across the end of the coverpU:' 
rather than at its toe. 

5. Cause of the So-called ‘‘Comprtsso 
Sets” That Are Indicated by the Sovs 
Gage Readings Taken on Transverse Bit 
Welds in the Box-Girder Specimen Tu 
Was Tested at the Nation^ Bureau • 
Standards. —Pr<rfessor Hess of RJ*- 
made a suggestion as to the possi^- 
cause for this phenomenon and bis c 
planation was submitted to the sobcco 
mittee. There have been no remarks a 
further interpretations offered. Tbe 
tioD is whether the effect is prindpaS' 
one of residual stress, or one of geonKtrio 
constraint, or a combination of bal 
Perhaps this factor could be studied ben^ 
by isolating it through incorporatioo f 
a less complex type of specimen. Oat a 
the advantages ^ a program, such as th 
at the National Bureau of Standards. ^ 
that it develops questions of a fundameso- 
nattue which are suitable for more fusd 
mental research. 

6. Comparison of Efficiency of Diet^ 
and Vertical Web Stiffeners for a Wale 
Girder, and Combinations ef Diagoesl» 
Vertical Stiffeners. —This is a project 
was started quite a while ago by Pnrf9^ 
Jensen at Lehigh University. He 
proposes to carry the investigatiae forde 
to determine the best arrangement of std 
eners. The project seems to be meita' 
ous. 
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Effect of Phosphorus on the Properties and Welding 
Characteristics of Arsenical and Non-Arsenical Copper 
and on Copper-Silver Alloy Filler Rod * 

By MAURICE COOK, D.$c. Ph.D.. end EDWIN DAVIS, M.Sc. 


P hosphorus deoxidised copper is being used to an 
increasing extent in place of tough pitch copper 
except in applications where the principal requirement is a 
high value for electrical or thermal co^uctivity. Its chief 
advantage over the tough pitch variety is that it can be 
miMh more easily weld^ and in most applications where 
copper is used, and welding is involved as the method of 
construction or jointing, phosphorus deoxidised copper 
is employed. 

Among the many factors which affect the quality of welds 
is the composition of the material being welded and of the 
filler rods or electrodes, but little information concerning 
the effect of phosphorus on the weldability of copper 
appears to nave been published. Small amounts of pirns* 
phorus have an appreciable influence on the properties of 
copper, which, in turn, affect its welding characteristics and 
the properties of welded joints. The amount of residual 
phosphorus in copper deoxidised by the addition of this ele¬ 
ment depends on various factors involved in the prodaction 
processes. It can, of course, be deliberately varied and it 
may also vary fortuitously. Generally, the phosphorus con¬ 
tent of deoxidised copper does not appreciably exceed about 
0.1 per cent. 

Some information on phosphorus-bearing coppers has 
been reported by Han^n, Archbutt and Ford*, the effect 
of small amounts of phosphorus on the thermal and elec¬ 
trical conductivity of copper has been studied by Smith’, 
and Cook’ has investigated the mechanical properties at 
normal and elevated temperatures of tough pitch and phos¬ 
phorus deoxidised arsenical and non-arsenical copper. 

SCOPE OF INVESTIGATION. 

The present paper is concerned particularly with tiie 
effect of small quantities of phosphorus on the properties 
and welding characteristics of both arsenical and non- 
arsenical copper, and on flller rod material, the range of 
prosphorus contents investigated covering amounts of the 
deoxidant likely to be present in the metal used for welding. 

Mechanical properties of the two varieties of copper in 
the annealed and cold rolled conditions, with phosphorus 
contents of from nil to 0.12 per cent., and their work hard¬ 
ening and annealing characteristics have been investigated. 
The physical and mechanical properties of 1 per cent 
copper-silver alloy flller rod, with phosphorus contents 
ranging from nil to 0.20 per cent, have been compared in 
the wrought and cast state. 

Weld tests have been made to assess the effect of phos¬ 
phorus content on the weldability of and thick 
deoxidised copper plate of both types, the resulting welds 
being subjected to tensile and bend tests and macro and 
micro examination. Similar tests have been carried out 
on welds of deoxidised arsenical and non-arsenical copper 
of constant phosphorus content made with silver bearing 
flller rods with various phosphorus contents. 

PREPARATION OF MAfTERIALS. 

Deoxidised non-arsenical copper and arsenical copper 
plates, 1" thick, were prepared from cathode copper; 80 lb. 
heats of copper were melted under charcoal in crucibles 


heated in a coke fired pit furnace. The melts were deoxi¬ 
dised with appropriate additions of 15 per cent phosphor- 
copper and ponr^ into a cast iron strip mould 4}^ x 11'' 
X SO". To seven of the melts white arsenic was added 
prior to deoxidation. One non-arsenical copper and one 
arsenical copper were melted without any charcoal cover 
and no phosphorus was added, the conditions of melting 
being such as to result in an oxygen content similar to that 
of normal tough pitch copper. After removal of the gate 
ends, the ingots were hot rolled to 1" thick plate, 6" wide. 
The compositions of these coppers are given in TaUe I. 

TABie I. 


COMSOtmON OS NON-AMSNICALANDAKSSNICAL l/4*THieK 
COPSSa SLATSS. 


Cm ' 
No. I 

Shot- 1 
phorut 

^ 1 

Tin ' 
% 

Lttd 

% 

Iron 

% 

; Nickel 

1 % 

Silver 
! % 

Anenic 

% 

Other 

Impurltlee 

1 

nil* 

1 0.005 

0005 

OMS 

nil 

0.003 : 

nil 

Henganete, 

1 

0034 

i 0.005 

0.005 

0.003 

nil 

0.003 

nil 

tine. 

3 

0.0SI 

0.01 

0.005 

03)05 

ml 

03)03 

nil 

1 aluminium. 

4 

0O7S 

0.005 

0.005 

0.005 

nil 

0.003 

nil 

antimony, 

5 

0.I0S 

oaos 

0.005 

0.010 

nil 

03)03 1 

nil 

bismuth. 

i 

0.120 

0.005 

0.005 

0.005 

All 

0.005 

nil 

lelenium 










7 

ell** 1 

0.005 

0.005 

0.005 

nil 

0.003 

0.45 

Nil In 

e 

0.023 

oaos 

0.005 

0.005 

nil 

0.003 

0.41 

each 

9 

0044 1 

nil 

0.005 

0311 

<0,01 

0.003 

0.39 

copper. 

10 

0.042 , 

nil 

0.005 

0.005 

<0.01 

0.003 

0.42 


11 

0.080 

nil 

0.005 

0.005 

nil 

! 0.003 

0.43 


12 

o.ioe 

0.005 

0.005 

0.01 

0.005 

) 0.005 

0.41 


<3 

I 0.140 

03)05 

[0.005 

10.01 

<03)1 

1 0.003 

a40 



• OxyiM 0045% ** Oxygtn 0.050% 


The material required for the deterntination ot the 
mechanical properties, work hardening and annealing 
characteristics was further cold rolled to 0.150" thick, at 
which stage it was annealed for one hour at 650^. 
Samples of each were then cold rolled to a maximum 
reduction of 90 per cent in thickness. 

Hardness determinations were made on strip cold rolled 
10, 20,50,70 and 90 per cent and the mechanical properties 
were determined on material in the annealed condition and 
after a 50 per cent, reduction by cold rolling. The anneal¬ 
ing characteristics were determined on strip reduced 50 per 
cent in thickness, small samples being annealed for perils 
of half an hour at temperatures over the range of 160 to 
900OC. 

Plates thick were rolled from refinery casts of non- 
arsenical and arsenical copper. In each instance one ingot 
of tough pitch copper 20" x 14" x 4" was cast, while a farther 
16 cwts. were cast into pig moulds for subsequent remelt¬ 
ing and the preparation of a series of deoxidised ingots of 
varying phosphorus contents. Remelting was carried out 
under charcoal in crucibles, the required amounts of phos¬ 
phor-copper added and the metal cast into ingots of the 
same shape and size as those used for the tough pitdi 
coppers. These ingots, the compositions of which are 
indicated in Table II, were hot rolled to -fg" plate, reheated 
to about 750’’C and quenched in water to remove the oxide 
scale. ' 


* Reprinted from Truuections of the Britieh Inititutc of Welding, Feb. 15, 1045. 
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TASLE II. 

COMPOSITION OP NON-AMINICAL AND ARSINtCAL »/U' THICK 
COPPIR PLATIS. 



Phot- 







An- 

SlV- 

Ar* 

Other 

Can 

phoru* 

Zinc 

Tin 

La*d 

Iron 

NIckal 

silver 

clmony 

meth 

•anlc 

Impurltiat 

No. 

% 

% 

% 

% 

% 

% 

% 

% 

y. 

% 


14 

nil* 

nil 

nil 

nil 

O.OOS 

nil 

0.003 

0.003 

0.001 

nil 

MantancM, 

IS 

0.024 

<0.01 

fill 

nil 

0.01 

nil 

0.003 

0.003 

0.001 

nil 

aluminium. 

l« 

0.060 

<0.01 

nil 

nil 

O.OOS 

nil 

0.003 

0.003 

0.001 

nil 

•alanium 


O.OSS 

<0.01 

nil 

nil 

0.01 

nil 

0.003 

0.003 

0.001 

nil 

and 


0.106 

<0.01 

nil 

nil 

0.01 

nil 

0.003 

0.003 

0.001 

nil 

tellurium. 


0.128 

<0.01 

nil 

nil 

0.01 

nil 

0.003 

0.003 

0.001 

ml 

Nil in 

each 












20 


nil 

0.005 

O.OOS 

0.005 

0.11 

0.003 

0.003 

0.001 

0.3S 

copper 

21 

0.022 

<0.01 

O.OOS 

0.005 

0.01 

0.10 

0.003 

0.003 

0.001 

0.36 

22 

0.049 

<0.01 

0.005 

0.00S 

0.005 

0.12 

0.003 

0.003 

0.001 

0.36 


23 

0.076 

<0.01 

O.OOS 

0.005 

0.00S 

0.09 

aoo3 

0.003 

0.001 

0.3S 


24 

0.109 

<0.01 

0.005 

O.OOS 

0.01 

0.12 

0.003 

0.003 

0.001 

0.37 


2S 

0.144 

<0.01 

0.005 

O.OOS 

oxos 

0.10 

0.003 

0.003 

0.001 

0.37 



•Oxy|«n 0.043% . •• Oxri«n 0.031% 


Work hardening characteristics jf 
the alloys are illustrated graphically in 
Figs. 1 and 2. The intrinsic hardness 
is progressively increased by the suldi- 
tion of phosphorus, but the rate of 
work hardening is not appreciably 
affected. The arsenical coppers an 
slightly harder than the non>arsenical 
and after 90 per cent, reduction by cold 
rolling, this difference for coppers of 
similar phosphorus content is of the 
order of 16 to 18 DP. hardness 
numbers. 


Copper silver alloy filler rods containing about 1 per cent, 
of silver and phosphorus up to 0.2 per cent were made 
from cathode copper, fine silver and 16 per cent phosphor- 
copper. The copper was melted in crucibles in pit furnaces 
and protected from oxidation by a thick charcoal cover. 
After the addition of silver and phosphor-copper the melts 
were cast into a 4" diameter billet mould. The billets were 
reheated to about 860<>C and hot rolled to A" diameter rods 
which were subsequently pickled and cold drawn without 
intermediate suinealing to 4 8.w.g. and 6 &w.g. rod, reeled, 
cut into lengths of 2 ft. and degreased. The compositions 
of the six copper silver alloys are given in Table III. 


TABLE III. 

COMPOSITION OP 1% COPPIR*SILVIR PILLIR RODS. 


Cut 

No. 

Silver 

% 

Phoe- 

pherut 

% 



Lead 

% 

Iron 

% 

Nickel 

% 

Ar- 

Mnie 

% 

Other 

Impurltlu 

26 

1.02 

0.005 

^.01 

O.OOS 

0.005 

<0.01 

nil 

O.OOS 

ManianeM 

antimony. 

27 

1.09 

0.025 

nil 

0.005 

0.005 

<0J>l 

0.01 

nil 

selenium, 

.ellurlum 

2S 

1.03 

0.050 

nil 

0.005 

0.005 

0.005 

nil 

nil 

%n4 

Mimutn. 

29 

1.04 

0.081 


0.00S 

0.005 

0.005 

nil 

0.005 

Nil In all 
copper- 

30 

1.06 

0.109 



0.005 

<0.01 

0.03 

nil 

tllver 

alley!. 

31 

0.9S 

ai90 



|jgg 


mm 

nil 



Plate material for the experimental welding with these 
copper silver rods was prepared from two refinery charges 
containing about 0.05 per cent phosphorus and analytical 
data relating to these are given in Table IV. 


TABLE V. 

MICHANICAL PROPERTIES OP NON-ARSSNICAL AND AJUSNICAl 
COPPER AFTER ANNEALING ONE HOUR AT SSTC. 


Cut 

No. 

Phot- 

phorut 

% 

Limit of 
Propor¬ 
tionality 
Toni/cq. in. 

0.1% 

Proof Strut 
Tont/tq. In. 

Tentlle 
Stren(th 
Tont/tq.In. 

Elon- 

fulon 

^onl- 

OP. 

Hardaw 
No. I0K<. 

1 

nil 

1.74 

3J2 

14.4 

59.0 

41 

2 

0.034 

1.70 

3.56 

14.5 

S8.0 

44 

3 

0.051 

1.66 

3.7B 

I4J 

57.0 

S2 

4 

0.07B 

iSl 

4.04 

14.8 

57.0 

55 

S 

0.105 

1.82 

4.41 

IS.I 

58.0 

56 

6 

0.120 

1.86 

4.74 

IS.2 

50.0 

59 

7 

nil 

1.70 

3.87 

IS.O 

54.0 

SB 

B 

0.023 

I.6B 

4.12 

15.1 

49J 

so 

9 

0.046 

1.73 

4.31 

15.3 

49.0 

54 

to 

0.062 

1.74 

4.64 

15.9 

56.0 

55 

M 

0.060 

1.62 

4.90 

16.2 

S2.5 

Si 

12 

0.104 
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szo 

59 

13 
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40 


TABLE VI. 

MECHANICAL PROPERTIES OP NON-ARSSNICAL AND ARSSNICAL 
COPPER AFTER SB% REDOCTtON ST COLD ROLLING. 


Cut 

No. 

Phot- 

phorut 

% 

Limit of 
Propor¬ 
tionality 
Teru/tq. In. 


B 

Elen- 

cation 

%onr 

O.P. 

HarOMM 

No. 10 K(. 
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11.90 

20.30 

13.0 



2 

0.034 

12.26 

22.06 

23.7 



3 

0.051 

12.70 

22^2 

248 



4 

0.07B 

12.62 

23.53 

24.9 



5 

0.105 

12.64 

23.40 

25.1 



6 

0.120 

12.74 

24.00 

25.9 

7.5 


7 

nil 

I2A0 

19.61 

23.8 

$.5 
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B 

0.023 

12.61 

19.90 

24.2 

ao 

124 

9 

0.046 

12.70 

21.00 

24.7 

7.5 

127 

10. 

0.062 

12.93 

22.14 

25.0 

S8 

130 

II 

0.000 

13.01 

22.72 

25.0 

ao 

131 

12 

0.104 

13.16 

23.22 

25.4 

ao 

132 

13 

0.140 

13.30 

23.37 

26.0 

as 

133 


TABLE IV. 


COMPOSITION OP PLATES FOR WILD TSSTS WITH DIFFERENT FILLER 

RODS. 
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0.13 
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0.001 

<0.001 
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nil 


Annealing characteristics of the 
materials reduced 60 per cent by coU 
rolling are illustrated in Figs. 3 and 4 
for non-arsenical and arsenical copper 
respectively. 


MECHANICAL PROPERTIES, WORK HARDENING 
AND ANNEALING CHARACTERISTICS 

Results of mechanical tests on both types of copper in 
the annealed and cold rolled conditions are given in Tables 
V and VI. These indicate that the tensile strength, limit 
of proportionality and 0.1 per cent proof stress, both of 
arsenical and non-arsenical coppers as annealed and cold 
rolled, increase with the phosphorus content, while duct¬ 
ility as measured by the elongation values remains sub¬ 
stantially unchanged. For any given phosphorus content, 
the annealed arsenical coppers have a tensile strength 
about i to 1 ton greater than that of the corresponding 
^p,n-arsenical coppers. 


DIAMOND PYRAMID HARDNESS OF COLD ROLLED NON-ARSENICAL 
COPPER. 
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a. 

Addition of phosphorus to both non-arsenical and 
arsenical copper raises the temperature at which soften¬ 
ing commences. Thus, while a pure tough pitch copper is 
almost completely softened by annealing at 260*0, a copper 
containing 0.34 'per cent phosphorus does not soften fully 
until anneided at 400<’C. Tough pitch arsenical copper 
commences to soften at 300^0 and is virtually fiUIy 
softened at SOO^C, but the addition of phosphorus to the 
extent of 0.064 per cent, delays the onset of softening to 
about 390^0 and the material is completely soft when 
annealed at 660*C. 

After annealing at temperatures in excess of 660*C the 
non-arsenical deoxidised coppers are softer than the cor¬ 
responding tough pitch coppers, but in the arsenical series 
this effect does not occur until th^ annealing temperature 
exceeds about 750*C. Fig. 6 illustrates the annealing 
characteristics of four out of the 11 coppers considered— 
namely, tough-pitch non-arsenical, tough pitch arsenical, 
deoxidised non-arsenical (P. 0.078 percent) and deoxidised 
arsenical (P. 0.08 per cent), and shows clearly the effect 
of phosphorus and arsenic in raising the annealing 
temperature. 


ANNEALING CURVES FOR DEOXIDISED NON-ARSENICAL COPPERS 
WITH VARIOUS PHOSPHORUS CONTENTS—HALF HOUR ANNEALING 
PERIODS. ORIGINAL REDUCTION 50% 



^•9 9. 



The grain size of both non-arsenical and arsenical copper 
is not markedly affected by the presence pf phosphorus on 
annealing at temperatures below about 500*C. At higher 
temperatures, however, the grain size after annealing 
increases with the phosphorous content, and, as can be 
seen from a comparison of the grain size curves in the right 
hand portions of Figs. 3 and 4, the effect is more pro¬ 
nounced in the arsenical series than in the non-arsenical. 


COMPARISON Of ANNEALING CHARACTERISTICS OF TOUGH PITCH 
AND DEOXIDISED ARSENICAL AND NON-ARSENICAL COPPERS. 
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PHYSICAL AND MECHANICAL PROPERTIES OF 
I PER CENT. COPPER-SILVER ALLOYS. 

(a) Melting Range.—The use of copper-silver filler rods 
deoxidised with phosphorus is well established for welding 
copper, but no specific determinations of the melting range 
appear to have been made, though values for the liquidus 
varying from 8 to 20^C below that of pure copper have 
been quoted. According to the copper-silver equilibrium 
diagram, the melting range of 1 per cent, copper-silver 
containing no phosphorus is 1072—1077‘*C. Heating and 
cooling curves through the freezing ranges of the silver- 
copper alloys, the compositions of which are given in Table 
III, showed that up to 0.2 per cent, of phosphorus had little 
effect upon the melting range. 

(b) Density.—For successful welding, porosity in the 
weld metal must be reduced to a minimum, and attention 
was devoted to devising a method by which a strict com-' 
parison of the density of the weld metal, when deposited 
by melting with an oxy-acetylene torch, could be made, 
like meth^ described telow was adopted because it was 
simple and at the same time representative of what might 
be termed ideal conditions for the deposition of weld metal 
using an oxy-acetylene torch. 

The mould consisted of a slot some 6' long, I" wide and 
i" deep, semi-circular in cross-section, cut in a graphite 
block which had been previously heated to about €00°C to 
remove moisture and occluded gases. One end of the filler 
rod under test was placed at the right hand end of the 
mould and held in the left hand, as if a weld were to be 
made, and the mould was filled, steadily and continuously, 
with metal melted from the filler rod by a neutral oxy- 
acetylene flame. The small castings so prepared were 
used for density determinations, tensile tests, bend tests 
and microscopic examination. 


OINSITISS OF 1% COFFSR StLVm ALLOYS IN ANNIALSO AND 
OlFOttTSD STATIS. 


highest density corresponds with a phosphoinis content of 
0.026 per cent, and thereafter diminishes with increasing 
phosphorus content. The gas cavities causing the reduced 
density in the cast state were spherical in shape and did 
not appear to be associated with the dendritic structore 
of the casting. Figs. 6 and 7 illustrate the difference in 
porosity in deposited samples of alloys containing 0.05 and 
0.19 per cent, phosphorus respectively. 
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Porotity in depetited metal. Cut No. )l 0.lt% photpiioruf (x75) 

(c) Tensile and Bend Tests.—The tensile strength of 
each alloy was determined on 4 s.w.g. rod in the annealed 
condition (1 hour at 700”C), on test pieces machined from 
metal deposited in the manner alre^y described, and oa 
test pieces of all-weld metal cut from welds made with Uui 
series of filler rods in i' thick deoxidised non-arsenical 
plate (No. 82). The results of these tests are given is 
Table VIII. 

TABLE VIH. 

TSNSILI STMNOTH OF 1% COFFIR SILVIR FILLSa ALLOTS IN 
ANNIALID AND DIFOSITID STATIS. 



ID DIFOSITID STATIS. 


Taniil* StroRCth ToM/iq. Is. 
koAMiod I Dopotltod I AR V 


Density values obtained on this range of filler materials 
(Nos. 26 to 31) in the deposited state, in the form of 
annealed 4 8.w.g. rod, and also on samples of weld metal 
cut from welds in deoxidised non-arsenical copper (No. 82) 
made with them, are detailed in Table VII. The effect of 
phosphorus on the density of the materials in the wrought 
condition is, however, slight, but'in the deposited state after 
an increase as the phosphorus is raised from 0.006 to 0.026 
per cent, the density decreases as the phosphorus content 
if increased. Similarly, with samples cut from welds the 
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All the materials in the deposited and annealed condi¬ 
tions withstood bending through 180** without fracturing- 
The results of bend tests at temperatures in excess of 
lOOO^C, below which temperature no failures occurred, sr 
given in I^ble DC. The tendency to hot shortness inereasei 
with the phosphorus content and no hot shortness was 
observed at temperatures up to 1060'’C, with phosphorss 
contents of 0.05% or less. There were no significant differ¬ 
ences between the behaviour in the bend tests of materisli 
in the wrought and deposited states. 

TASLE IX. 

HOT SIND TISTS ON 1 % COFFIR SILVIR AU.OTS. 
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cndkod 

31 

0.190 

Sound 

Suraco 

cncklng 

Cempiouly 

cnckod 

Complotoly 

cnckod 

1 CuOI»li««0 
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Fl|. ♦ 
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WELDING TECHNIQUE. 

(a) i" Thick Plate.-—Joints in plates of thin thickiw 
were made by welding together two pieces 12* kmg ^ ^ 
wide, chamfered along the edges to an included a^e of 
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60*. The gap between the plates at the commencement of 
the weld was I" and an allowance of t^" per foot run of 
weld was made for contraction. Injector type blowpipes 
were used and the oxygen pressure was 30 lb. per sq. inch 
with some 2—3 lb pressure of acetylene when using the 
No. 10 jet suitable for this thickness of copper. The left* 
ward technique was used and the filler r^ was 6 8.w.g. 
1 per cent, copper silver. No flux was used during the 
welding operation and none was applied to the edges of 
the plate. 

(b) A" Thick Plate—Horisontal Welding.—Welds were 
m^e in plates of this thickness by welding together two 
pieces 24" long x 8" wide, chamfered on one of the longer 
edges of each plate to give an included angle of 60*. A 
gap of A" was made at the commencement of the seam 
with a contraction allowance of A" ^oot run. 

Two operators each equipped with an injector type blow* 
pipe fitt^ with a No. 12 jet and supplied with oxygen 
at 50 lb. per sq. inch and acetylene at 1^—3 lb per sq. inch 
were employed. The preheater torch raised the edges of 
the chamfer almost to the melting point, the welding torch 
following on melted the basis metal and at the same time 
added weld metal to the pool from the 4 s.w.g. 1% silver 
copper filler red. *^6 preheater torch preceded the weld* 
ing torch at a distance of from 1" to 4", the distance 
being varied as necessary to regulate the heat input. One 
weld was'made continuously without any after treatment, 
while a second weld was made by the intermittent pro¬ 
cess in which, after 3" had been completed, the seam was 
hammered while still hot with a pneumatic hammer. 

(c) A' Thidi Plate—Vertical Welding.—Plates of the 
same size as those referred to in the preceding paragraph 
were used, but the edges to be welded were chamfered to 
a double V each of included angle 60*, the gap was 1" and 
die contraction allowance about A" per foot run. Two 


TABLf X. 


TISTS ON OXYACfTYLINI WILOS IN V THICK OBOXIDISIO 
NON.ARSINtCAL COPaiR PLATt. 
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welders were employed, one on each side of the plate, and 
welding proceeded from the bottom of the plate to the top. 
The intermittent process was used, each 3" when complete 
being hot hammered with pneumatic hammers. No flux 
was used in any of the above welding operations. 

WELD TESTS ON THICK PLATE. 

Duplicate welds were made by two operators in each of 
the non-arsenical and arsenical copper plates (Nos. 1—18). 
using 1% copper silver filler rod containing 0.06 per cent 
phosphorus (No. 28). 



Mtthod of Min^liAf woldt Iinch thick plat* 

There was considerable evolution of gas when the tough 
pitch coppers were welded, but the pool of molten metal 
was clear and free from oxide sldn. The pools of weld 
metal when welding the deoxidised copper were clear with 
no marked signs of gas evolution and no significant differ¬ 
ences were noted between the coppers with various phos¬ 
phorus contents over the range investigated, or between the 
arsenical and non-arsenica! series. The general appear¬ 
ance of all the welds was good, the convolutions were 
regular and the surface free from signs of porosity except 
in the tough pitch coppers. The penetration was uni¬ 
formly good in all the series, only short lengths not exceed¬ 
ing 1" in lengrth showing inadequate penetration at the 
commencement of two or three of the seams. 

Samples for testing were taken as indicated in Fig. 8 and 
in Tables X and XI, the individual as well as the average 
values for tensile strength and elongation per cent, are 
given. The excess weld metal was removed from the ten¬ 
sile and bend test pieces and the edges of the latter were 
slightly rounded with a file before bending over a radius 
of 1", i.e. twice the plate thickness. One bend test from 
each seam was made with the weld metal on the outside 
and one with the weld metal on the inside of the bend. 

The welds made in tough pitch non-arsenical copper had 
poor mechanical properties and all the fractures were along 
the chamfers and markedly porous. Similar porous cham¬ 
fer breaks were noted on bend test samples after bending 
through angles varying from 60—00*. The porosity at the 
junction of the weld and basis metal, which is illustrated 
in Fig. 9, would appear to be the main cause of the poor 
tensile strength of tiie joints. The welds made in the tough 
pitch arsenical copper were similar in characteristics and 
properties to those made in tough pitch non-arsenical 
copper. 

In the non-arsenical and arsenical series the presence of 
0.034 and 0.023 per cent of phosphorus respectively 
improved the weldability of the copper, but there was con¬ 
siderable porosity in the weld met^ and failure occurred 
after bending through about 90*, small cracks apparently 
starting from pores in the deposited metal. 

Welds with the non-arseni(^ coppers containing phos- 
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iBifennee between tiie qnalitr of the welda in dMae Am 
coppers and tttoae aeama made in arsenical coppext wid 
pho^horoa contents of 0.046, 0.062, 0.080 and 0J06 per 
cent (Table XI). A ^^cal area of ^d metal is dMwa in 
Fig. 10. 

Althinq^ good indiridnal teat reaolta were obtaiasdwitb 
the non*«»miieal and arsenical coppers containing 0.1V 
and 0.140 par cent phos^nia rei ^ t i Tely, Oe neohs 
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those obtained with lower ^loaj^raa contents. In tends* 
arsenieal series in particnlar some Tery low raliMS me 
obtained in the ten^ teats and welds to both Tarieties cf 
copper showed some porosity sad a tendency to mA os 
bending. 

WEU) IttSTS ON A' THICK PLATE. 

THth eadi of die 12 coppers (Noa. 14—26) and saisg te 
flller rod cmitatotog 0.06 per cent ^losphoras, (No. B)> 
but no flux, three types of idnts were mate: one hortental 
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weld by the contiiraoas method, one horixontel weld by the 
intennittent method with hot hammering, and one vextieal 
double V weld by the intermittent proeesa. 

Reralte of tensile tests on specimens eat from these are 
given in Tables XII and XIII for non^arsenical and aneni- 
eal coppers respectively. In general the strength eharac- 
teristles of the welds made by these different procedures 
were similar for both types of copper; the horisontal 
continuous welds had the lowest stren^, while the double 
V vertical welds had the highest tensile strength. 

The seams made with both types of tough pitch copper 
were mechanically weak and test pieces generally 
fractured along ^ original chamfer of Uie bai^ metaL 
Gassing occurred in the basis metal near the weld and gas 
cavities were present in the weld metaL These are Ulus* 
trated in Figs. 11 and 12, and Fig. 18 shows the disMbutlon 
of the porosity across the seam made by the continuous 
horisontal process. The vertical welds showed gassing to 
a less extent and the reduction in porosity due to the hot 
hammering can be seen by comparison of Rgs. 18 and 16 
which are cross sections of unhammered and hammered 
welds in tough pitch copper. 


The presence of alwut 0.026 per cent ^losjdioras in both 
types it coiner caused some slight improvemmit in the 
mechanical i^perties of the welds, nie depodted metal 
was porous and the fine gas pores persisted even after 



Rl. 13 

Horlnfitkl tliifit V wtM. Cmt No. 10. To«|b pNch oriiHlttl eofew. 
N«tunl stn 


h a mmer ing. The test pieces fractured across ttto wdd 
and not at Uie chamfers as was the ease wiUi the tough 
pitch coppen. The seams made with the six coppen con¬ 
taining between 0.049 and 0.109 per cent phosplmrus were 
comparable in respect of strength and ductility for each of 
the various methods ot welding, nie welds were dean and 
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soond, and showed no of hot faflnres dorins weldinff. ULATiONSHir »etween phosphorus content and tensile 
Epical cross sections are illustrated in Figs. 14 and 17. strength of welds in p/u* thick copper plate 



Fig. 14 

H«rli»nttl tingle V w«W. C«st N». 14. Deoxidlied non*arienic»l copper. 
0.040% pheiplwrv*. Ntturel tize. 



Horizontal tingle V weM. Cut No. 19. 

0.128% phMphwut. 


Deoxidited non-anenical copper. 
Natural alze. 


mOSfWOfiU* QONTMNT PtR CtfUr 

m 

Variations in grain sise in the vicinity of the weld were 
too great to permit significant numerical evaluation and 
macro examination of cross sections of the welds was used 
to compare the grain sizes of the basis metals. From the 
observations made it would appear that the grain size of 
the basis metal in the vicinity of the weld was smallest wi^ 


Fig. u 

Vdrtktl SmMo V woM. Cut No. 20. Tevgli plwk wsMilal oagpor. 

HttvrkI fin. 

Mechanical properties of the seams made with the non* 
arsenical Copper containing 0.128 per cent phosphorus were 
variable, ranging, for example, from 8.6 tons per square 
inch to 11.0 tons per square in<^ for the horisontal welds. 
Visual examination of the fractwed test pieces and micro 
examination of cross sections showed that the low values 
were associated with the presence of gas pores of appreci¬ 
able size. This porosity is illnstoated in Fig. 16. Hot 
hammering redule^ this porosity and the seam welded 
vertically was substantially free from gas porosity as 
illustrate in Fig. 18. Similar results were obtained with 
the arsenical copper containing 0.144 per cent, phosphorus. 

The effect of ^e phosphorus content of the basis metal 
upon the strength of the welded seam is shown in Fig. 19. 


Fig. it 

Vtrticil douSI* V weM. Cut No. 19. Dtoxidiud non.an«nlcil e oggir. 

0.121% oho f ghona. Ntturel >lzo. 

the tough pitch coppers and not significantly affected either 
by the me^od of welding or by the variation in phosidiorDi 
content over the range studied The extent of the therm¬ 
ally disturbed zone was not affected by the method of 
welding, was centrally located with respect to the seam and 
was less with the tough pitch coppers than with the 
deoxidised coppers. 


Rg. 17 

Vonlol deuMo V wtW. Cut No. 14. DooxMitod non.«rMnlcal coppor. 

0.04% phupRorw. Ntturel tin. 

BFPBCr OF PHOSPHORUS CONTENT UPON GRAIN 
GROWTH IN BASIS METAL. 

In the section dealing with the effect of phosphorus upon 
the annealing characteristics of deoxidised coppers it was 
shown that as the phosphorus content is increased the 
tendency to grain growth at elevated temperatures also 
increases. Some observations were made, therefore, to 
determine whether the grain growth in the thermally dis¬ 
turbed zone of the basis metals after welding was a func¬ 
tion of the phosphorus content. 


Fig. 22 

Foralty In weld nwtfl. Filler rod No. 21 0.19% ptoepbom («7S) 
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WELD TESTS WITH COPPER-SIVER FILLER RODS 
OF VARIOUS PHOSPHORUS CONTENTS. 

Welds ere made with the six copper-silver filler rods 
Nos. 26—81 in both i" and -ff" thii^ deoxidised coppers, 
Nos. 32 and S3. Welds in the thinner material were made 
by the single V method, while the A" thick copper was 
welded both horizontally and vertically. 

(a) Basis Material i" Thick Deoxidised Non-Arsenical 
Copper.—Prom the first four copper-silver alloys with 
phosphorus contents varying from 0.005 to 0.081 per cent, 
weld metal was deposit^ without undue turbulence and 
the completed welds were in all instances neat and regular 
in appearance with no visible porosity (Fig. 20). The 
mechanical properties of these joints were essentially simi¬ 
lar, values of the order of 12.8 tons per square inch being 
obtained. 



Pi|. 20 

AffMrtnc* of w«M iMrf* with itloy Slltr roS No. 21. 0.05 % sho t phona. 
N»t«nl tifo 


Considerable eifervesence was noted when the rods con¬ 
taining phosphorus in excess of 0.1 per cent, were melted, 
although t^ finished seams were of good appearance with 

TABLE XIV. 


raSTS ON OXYACCTYLINS WSLOS IN r THICK MOXIOIBSO 
NON-AKSSNICAL COrPtK UtINO t% COBMKSfLVSR NLLBR RODS 
WITH VARIOUS PHOSPHORUS CONTBNTS. 
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but little visible porosity in the weld metal, as illustrated 
in Fig. 21 which is of the seam made with the filler rod 
containing 0.19 per cent, phosphorus. The extent of the 
internal porosity in this weld is shown in Fig. 22 and the 
effect upon the tensile strength of the weld was not very 
marked. The results pf all the tensile tests made with these 
filler rods are given in Table XIV. 



Fig. 21 

Apptmnc* of w«W naS* with alley Slier red No. 31. 0.19% pbeaphorw. 

Natural alae. 

(b) Basis Blaterial A" Thick Deoxidised Arsenical 
Copper.—In horizontal welding deposits apparently sound 
in character were obtained with the alloys containing 0.081 
per cent, phosphorus or less, the resulting seam b^g of 
neat and uniform appearance. With the filler rod con¬ 
taining 0.1 per cent, phosphorus, however, there was some 
effervescence during welding and the finished weld con¬ 
tained a number of small cracks in the root of the Joint. 
More extensive porosity and cracking occurred when the 
rod containing 0.19 per cent, phosphorus was used for 
making horizontal continuous welds. 

When making the vertical welds the deposited metal 
from the filler rod almost free from phosphorus did not 
appear to flow quite as readily as could be desired, necessi¬ 
tating more care in manipulation. Considerable turbulence 
was noted with the filler rod highest in phosphorus con¬ 
tent and in the completed vertical seam there were a 
number of small eraclu confined to the weld metaL 

Alttiough the effect of the phosphorus in the filler rod 
upon the ease of making the seam was not very pronounced, 
the effect upon the mechanical properties of the seams was 
marked,'and is shown by the values given in Table XV. 
The welds made with the filler rods lowest in phosphorus 
content iboved poer adhesion at the ehamfersj whether 
weMed heci^Stallp or vertically. Hie mechanical pro¬ 
perties of the seams made with the rods having phosphorus 
contents of 0.025 to 0.081 per cent were satisfactory and 
micro examinathm showed that they were sound witti good 
IuMml weM Snid basis metaL 

The strength of the seams made with the rods of highest 
phosphorus content were variable and the lowest values 
were obtained with samples which had cracked to some 
extent while the weld metal was hot. It would appear that 
the hot shortness, of which evidence had been found in 
hot bend testa, deleteriously affected the strength of the 
seams. 

SUMMARY. 

The effect of phosphorus in amounts up to a iwtIwititw 
of 0.14 per cent, on the mechanical properties, annealing 
and work l»»THiwihig charaeteristies a^ weldability of 
arsenical and non-arsenical coppers has been investigated. 
The effect of phosphorus up to 0.2 per cent, on the 
mechanical properties and jointing characteristics of 1 per 
cent. con> 0 r-silver filier rod has also been determined. 

IncreaMng Hie idiosphoms content of non-arsenical or 
arsenical copper slightly increases the intrinsic hardness 
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TABLE XV. 

TISTt ON OXYACBTYLENE WELDS IN ft' THICK DIOXIOISEO 
ARSENICAL COERER USING 1% COEEBR SILVER FILLER RODS 
WITH VARIOUS EHOSEHORUS CONTENTS. 
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and strength without significantly affecting the ductility. 
The arsenical coppers are stronger than the corresponding 
non>arsenical coppers, while both arsenic and phosphorus 
increase the annealing temperature. After annealing at 


temperatures in excess of about SOO^C, the grain sise d 
either arsenical or non^arsenical coppers ten<U to incresM 
with the phosphorus content. 

The mechanical properties of welds made in touch pihh 
copper are generally poor due mainly to gas porosity. 

llie presence of phosphorus in both arsenical and non- 
arsenical copper improves the weldability and the optiimm 
mechanical properties of welded seams are at a TnaTimnw 
when the phosphorus addition is between the limits of 0J)5 
and 0.1 per cent. When phosphorus is in excess of 0.1 per 
cent., however, porosity is noticeable in the weld metal and 
the mechanical strengths of the joints are reduced. 
Arsenic has no discernible effect upon the weldability or 
the mechanical properties of the seams made either in V 
or A' thick plates by the methods of welding adopted. 

Phosphoms np to 0.2 per cent, has no mark^ effect upon 
the melting range of 1 per cent. copper*silver alloys, knt 
tiie tensile strength in the wrought condition is appredaltlf 
and progressively increased by phosphorus aiWtiou 
without appreciably affecting the ductility. The strength 
md soundness of the alloys in the deposited state it 
reduced when the phosphorus content exceeds about 01 
per cent, and the alloys with the higher phosphorus con¬ 
tents show an increas^ tendency to hot shortness. Ibe 
suitability of the copper-silver alloy for welding V thiri 
plate is not affected by varying the phosphorus contest 
over the range considered, although tixe optimum medt- 
anical properties on welds made in plate are obtained 
with filler rods containing between 0.06 and 0.1 per cent 
phosphorus. 

Refertntet. 

(*) D. Hanson, S. L. Archbutt and G. W. Ford, J.Iml Mctsk 
1930, 43, 41. 

(*) C. S Smith, Trans. Amer. Inst. Min. Met Eng., 1931,93, l7i 
(^) M. Cook, J.Inst Loco. Eng., 1938, 21, 609. 
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Influence of Upsetting on the Fatigue Strength 

In order to determine the upsetting action mathe¬ 
matically, it is necessary to obtain a value which will 
characterize the upsetting process and at the same time 
can be satisfactorily measured. For example, a curve 
resembling an indicator diagram could be made by plot¬ 
ting pressure against the travel during upsetting of the 
movable piece, which would give the mec^nical energy 
applied. Aside from the fact that the greatest part of the 
energy is applied to cross sections which do not directly 
take part in the welding process, the upsetting energy 
would provide a useful b^is for comparison only for par¬ 
allel tests which are made under identical conditions. 
Similar volumetric elements would alwa)^ have to par¬ 
ticipate in the deformation in the same way. This con¬ 
dition is not satisfied, especially in manual welding, be¬ 
cause the temperature variations as well as the upsetting 
velocity fluctuate within certain limits under the same 
operating conditions. Neither of these factors could be 
overlooked because the specific work of deformation de¬ 
pends upon the temperature, and the apparent resistance 
to this deformation depends upon the upsetting velocity. 
A large number of values would, therefore, be necessary to 
define the upsetting process precisely. 

In order to remain within the scope of this investiga¬ 
tion, it was necessary, because of these circumstances, to 
devise a simpler solution and also to include more prac¬ 
tical considerations. Two conditions must be fulfilled to 
produce a satisfactory joint: ( 1 ) the abutting surfaces 
must be thoroughly cleaned of all impurities, and ( 2 ) 
complete cohesion t^tween the grains at the weld must be 
obtained. 

For both of these conditions there is no doubt that the 
maximum upsetting force, hereafter termed “upsetting 
pressure,” is of the utmost importance, although the up¬ 
setting velocity and the temperature of the work are in¬ 
volved to a certain extent. 

For determining the upsetting pressure, a proving ring 
having a 3-ton capacity was us^, which was constructed 
by the firm of Dr. G. Wazau. The installation and de¬ 
sign are shown in Fig. 63. The proving ring was made 
from a solid piece of high-grade spring steel and has an 
attachment to transmit the pressure at the center of the 
long sides of the ring. On the inside of the ring along the 
pressure axis, hardened sockets were made into which 
the ball joints of a U-shaped auxiliary stirrup were in¬ 
serted which recorded any small deflection of the proving 
ring in a ratio of 5 to 1. For the actual measurement, a 
dial gage is attached on one leg of the stirrup while an 
adjusting screw with a ground and hardened surface is 
attached on the other leg. Before each test, the adjust- 



Fi 0 . 64—Calibration Curre for the Proving Ring 


ing screw is adjusted against the feeler pin of the dial 
until the dial is in the starting position. The auxiliary 
stirrup is held in the vertical position by a fork. The es¬ 
timated tenth of one scale division on the dial (£), corre¬ 
sponds to a deflection of 0.0001 mm. measured at the 
ball joints of the proving ring. At a maximum operating 
load of 3200 kg. (7000 lb.), a maximum spring deflection 
of 0.491 mm. (0.02* in.) is obtained. The proving ring 
reacts without hysteresis as shown by the calibration 
curve in Fig. 64. 

The clamping jaws on the stationary platen were re¬ 
placed by profile rolls on the WS 6 flash wdder. Two b^ 
bearing rolls were mounted on the lower clamp, and one 
roll was mounted on the upper clamp. Consequently, 
the work can be moved in the direction of the upsetting 
forces. The applied upsetting pressure is thus trans¬ 
mitted to the measuring stirrup of the proving ring which 
is located between the work and a fixed counter stop. 
The counter stop consists of a large carefully machined 
surface on which the pressure block of the proving ring 
can be moved about in order to bring the measuring stir¬ 
rup in line with the axis of the work. The upsetting 
forces are transmitted through balls to the proving ring 
to eliminate any additional stresses. The welding current 
is conducted to the work through a flexible copper bus 
^hich is connected crosswise in front of and b ehin d the 
rolls. These rolls are insulated to protect the bearings 
from burning. The flexible conductors give the necessary 
freedom of movement to the work for pressure measure¬ 
ments. Since, during welding (preheating), tensile 
forces arise upon separating the abutting surfaces, provi¬ 
sion had to be made to limit the movement of the work 


under these conditions. In order to protect the proving 
ring from impacts, it was prestressed to 26 kg. (55 lb.), 
and the work was held in this position by a ring opposing 
any movement toward the weld position. The asbestos 
shield, shown in Fig. 63, is removable and is only used to 
protect the measuring equipment from heat radiation 
and the flash particles. 

The errors of the proving ring, which are given by the 
manufacturer as 2 to 3 units, are of no significance to the 
installation as a whole. In addition to the errors en¬ 
countered in lining up, the precision of the pressure meas¬ 
urement is further impaired by the friction at the clamp¬ 
ing rolls as well as by errors in reading the dial. In order 
to overcome the friction of the clamping rolls, a force of 
about 30 kg. (66 lb.) is required. Consequently, the 
measured pressures were 30 kg. (66 lb.) low. At 350 
(770 lb.) upset pressure, this gives an error of about 8 %, 
which drops to 1% at 30(X) kg. ( 66 (X) lb.). The total error 
Fig. 63—Apparatus for Measuring Upsetting Pressures \^per unit of cross-sectional area, even at very low Upsetting 
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pressures, is so small that it could be neglected for all 
practical purposes. This is also not changed if a rela¬ 
tively large reading error of ^ 1.5 dial divisions is taken 
into consideration. 

During welding, the dial is continuously observed and 
is read at the instant of the greatest deflection which oc¬ 
curs just before the end of welding. Since the i^essure 
drops immediately after upset, a certain amount of 
practice is required for obteining this reading. After 
installing the proving ring, the welding is done under 
somewhat different conditions than in &e earlier tests. 
On accotmt of connecting in the flexible copper conduc¬ 
tor, and of the somewhat less favorable contact conditions 
to the work, the resistance of the welding circuit is in¬ 
creased. These losses can be approximately compensated 
for by using a higher transformer tap setting. Another 
inconvenient factor was that the bar, which was formerly 
rigidly clamped, springs during upset which reduces the 
actual force of the upsetting blow. Since the maximum 
deflection of the proving ring is 0.5 mm. (0.02 in.), 
whereas the amotmt of upset is 4 to 5 mm. (0.16 to 0.20 
in.), this will not seriously affect the upsetting action. 

After each weld, the upsetting pressure which was 
attained was compared graphically with the value 
aimed at, and in this way the operator acquired a feeling 


for the upsetting forces. After littk 
practice the desii^ upsetting pressure 
was obtained with good approxima¬ 
tion. Since the specimens were not 
selected for the different tests until 
after welding, there was an opportun¬ 
ity to obtain a uniform distribution 
of the upset pressures in the different 
experimental series. In order to 
evaluate the joints independently of 
the characteristics of individual types 
of tests, tension, bending, notch-bar 
impact and repeated-impact tests 
were used in addition to fatigue tests. 
A series of joints welded on Taps 6 and 
9 were prepared for each of these tests 
except for tension and bending. Tltt 
specifications of the test specimens 
are shown in Fig. 65 and the test 
results of all the series are compared 
in Fig. 66.* 

(a) Tensile Strength—Table 10.— 
As previously determined, the tensile 
test is not very suitable for evaluating 
the joints. This test wds used only to 
determine how low the upsetting pres¬ 
sures had to be so that the joints 
would fail at the weld line. The test 
results of the joints welded at Tap 6 
show that this value is less than O.So 
kg./mm.* (1200 psi.). It should also 
be noted that the single specimen 
that failed in the weld line (of the 
series), welded with an upsetting pres¬ 
sure of 1.2 kg./mm.* (1700 psi.), had 
almost the same strength as the other 
joints. Under these circumstances 
further tensile tests of joints welded 
on Tap 9 were dispens^ with. The 
test specimens which were thus re¬ 
leased were used in the following tests. 

(b) Bend Angle—Table 11 .—The 
bend angle is a measure of toughness, 
or a combination of toughness and 
strength. This test gives good com¬ 
parative values with constant test 
conditions. If the test specimen is 

non-homogeneous at a place which is stretched above the 
yield point, a local and variable deformation occurs as 
in the tension test. Such a nonhomogeneity is the weld 
line of a flash-welded joint. Therefore, in the bend test, 
best results are obtained when the wdd is placed sym¬ 
metrically in the bending jig. 

It has been repeatedly observed that good welds, free 
from defects, are both strong and tough, and can be bent 
180® without failure. In the present case, both the 
welded and unwelded specimens, with dimensions of 200 
X 20 X 20 mm. (7.87 x 0.79 x 0.79 in.), bent to 180® with¬ 
out failure. The problem of determining the differences 
in quality between the base material and the weld, and 
between welds made under different upsetting pressures, 
could not be solved by using the oMinary l^d test. 
Consequently, it was necessary to select some form oi 
notch which restricts the deformation of the base mate¬ 
rial so that failure occurs before bending 180*. The re¬ 
sults of preliminary tests on unwelded specimens notched 
in various ways are given in Table 12. The notch depth 
was kept constant at 5 mm. (0.20 in.). At a notch radius 
of 12 mm. (0.47 in.), which was us^ for the rest of the 
investigation, one specimen failed at an angle of 83® while 


* The weldioK times recorded io Tobies 10 to 14 ere rouadcd off. 


WELDINO RESEARCH SUPPLEMENT 

Digitized by 


Google 


508-t 


OCTOBff 



§ 


60 

60 


No. 


Upsetting 

Pressure, 

Kg./Mm.* 






fig, 66—Influence o! the UpeeWng Preesore on the Strength and Tonghnees of 
naah-Welded Joints Made of Mild Steel 


another did not fail at 180°. A more precise investiga¬ 
tion showed that the square shaped, segregated structure 
of the rolled bars (which comes through from the original 
ingot— Trans.) h^ an influence on the test re^ts. 
A killed steel would have been preferable for these tests. 
However, the scope of the problem covers principally 
commercial, segregated steel. 

The results of the tests on specimens welded at differ¬ 
ent upsetting pressures scatter quite widely as shown in 
Table 11. However, a definite relation was recognized 
between the upsetting pressure and the bend angle, 
which is a measure of ^e toughness of the joints. After 
low results at the start, there is a rapid increase in the 
bend angle to a value of 70° for an upsetting pressure of 
2 kg./mm.* (2800 psi.), which is very close to the values 
of the unwelded mater^. At higher upsetting presstu^, 
the bend angle does not vary. 

(c) Notch Toughness—Table 13 .—Notch toughness 
does not have any obvious relation to other strength 
properties, but it is an infallible measure of structure 
and preceding heat treatment. Therefore, the notch-im¬ 
pact test seems to be appropriate for a critical evaluation 
of welded joints. Because of the small number of welded 
specimens available for this test, the determination of 
the steep drop (when tests are made at various tempera¬ 
tures) was impossible. All tests were made at room tem¬ 
perature. 

Because of the unfavorable ratio of the cross section of 



the specimen to the cross section of the weld (50:700), 
small weld-line defects influenced the test restilts out of 
proportion to their influence in the original full-sized 


Fig. 67—Radiographs of Joints Flash Welded at Tap 6 on the 
^th Increasing Upset Pressure 
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T«bl« K^Tezision T«Bts yu. UpMt Pressure of Flaah>Weld«d Joints of 30*Mm. (1.18*In.) Round Bajr. Using Tap 6 of th« 

WS6. Material M 


Number 

Welding Time 

In Seconds 


Upset 

Pressure 


Bum-off 

Peak 

Load, 

Aiapl 

Tensile Strength 

Preheat 1 

THE 

Postheat 

Total 


Lds. 

Kg./lBD.^ 

p.s.i. 

m. 

In7 

Kg*/mm.^ 

p.s.i. 

1 

52 

25 

1.6 

79 

610 

1340 

0.66 

1200 

10 ' 

•39 

65 

44.5|;2J 

63,000j) 

2 

58.5 

25.5 

1.8 

86 

730 

1610 

1.03 

1500 

13 

.51 

70 


, 63,600W 

5 

49 

19.5 

i.e 

70 

850 

1870 

1.20 

1700 

9 

.85 

70 

43.6U; W 62.400Vi; 

4 

46.5 

55 

1.5 

85 

1140 

2510 

1.61 

2500 

10 

•39 

70 

44.5 

63,300 

5 

109 

40.5 

1.6 

161 

1320 

2900 

1.87 

2700 

18 

.71 

50 

44.2(3) 

62,900(3} 

6 

49 

36 

1.4 

87 

1560 

2990 

1.95 

2750 

12 

.47 

TO 

44.5 

63,300 

7 

46.5 

25 

1.5 

73 

1460 

3260 

2.10 

5000 

14 

•55 

70 

44.6 

63,500 

8 

52 

17.8 

1.4 

71 

1650 

3590 

2.31 

3500 

11 

.43 

70 

44.5 

63,300 

9 

42 

25.5 

1.3 

69 

1970 

4330 

2.79 

4000 

12 

.47 

70 

44.5 

63,500 

10 

48 

25.8 

2.4 

76 

2050 

4470 

2.68 

4100 

12 

.47 

70 

44.3 

63,000 


Table 11-^Influenoe of the Upsetting Pressure on the Bend Angle of Joints Welded at Tap 9 on the WS6, Material M. See 

Table 12, Series No. o for Notch Form 


Number 

Weldi 

n^ Time 

in Seconds 

Upset Pressure 

Burn 

-off 

Peak 

Load 

Amp. 

Bend 

Angle 

Deg. 

Preheat 

Flash 

Postheat 

total 

Kg. Lbs. 

Kg./nmi.^ 

S•X • 

mm. 

In. 

1 

18.5 

15.3 

1.3 

35 

310 680 

0.44 

625 

15 

.59* 

100 

73 

2 

IS 

15.5 

1.5 

35 

630 1390 

0.89 

1300 

15 

.59 

105 

15* 

3 

25 

21,5 

2.2 

49 

1070 2350 

1.51 

2150 

2p 

.79 

95 

41 

4 

23.5 

16.5 

1.5 

44 

1210 2660 

1.71 

2400 

24 

.95 

95 

43 

6 

23 

16.5 

2.0 

42 

1380 3040 

1.9S 

2800 

14 

.55 

100 

69 

6 

21.5 

14.5 

1.6 

38 

1440 3170 

1.04 

1400 

14 

.55 

105 

77 

7 

17.5 

16.5 

1.8 

36 

1450 3190 

2.05 

2900 

17 

.67 

100 

16 

8 

16 

14.5 

2.8 

33 

1600 3960 

2.55 

3600 

16 

.63 

100 

16 

9 

24 

8.5 

l.S 

34 

2020 4440 

2.86 

4100 

IS 

.59 

105 

78 

10 

23.5 

13 

1.5 

38 

2070 4550 

2.93 

4200 

18 

.71 

110 

68 

11 

19 

1S.3 

1.7 

36 

2200 4840 

3.12 

4400 

14 

.55 

100 

57 

12 

20 

19.5 

2.0 

42 

2250 4950 

3.19 

4500 

21 

.83 

95 

70 


Table 12—Tests of Notch Form for Bend Tests of Flash' 
Welded Joints. Tests with Unwelded Sj>ecimens 


luabdr 

H.teh 

Koteh R^lus 

p 

». In. 

iACl. .t 

First Cr.«k, 

0.cr.* BMArki 

1 

• 

. 

. 


180 

lo milur. 

2 

ft 

.20 

2 

.06 

44 


3 

ft 

.20 

2 

.08 

46 


« 

ft 

.20 

6 

.20 

S6 


ft 

ft 

.20 

8 

.20 

4« 


ft 

ft 

.20 

10 

.39 

62 


7 

ft 

.20 

10 

.39 

92 


a 

ft 

.20 

12 

.47 

83 

S.l«ct.d for 







furth.r t««t. 

9 

6 

.20 

16 

.69 

leo 

lo foilw. 


weld. Since the notch-impact test itself is very sensitive, 
a scatter of results must be expected from these tests. 
Figure 66 shows this variation; however, both experi¬ 
mental scries show a definite trend upward in notch 
toughness with increase in upsetting pressure, which be- 
pns at 0.9 kg./mm.* (1300 psi.) and ends at an upsetting 
pressure of 2.3 kg./mm.* (3300 psi.). The impact values 
of the unwelded base material of 10.8 to 11.2 mkg./cm.* 
are still far from being reached at an upset pressure of 
3 kg./mm.* (4300 psi.). The joints wdded at Tap 6, 
which were known to have slag inclusions and porosity, 
determined the lower values on the curve. Sound joints 
free from defects, such as Specimen 2, have a Ugher 
notch toughness and, therefore, deviate considerably 
from the plotted curve. In the higher upsetting pressure 


range, only very small defects were visible and a closer 
agreement with the plotted curve could be seen. From 
these results it is to be concluded that the characteristic 
rise is largely determined by slag inclusions and porosit}.' 
and less by the type of structure. The increase of notch 
toughness of upsetting pressmes above 2.3 kg./mm.* 
(3300 psi.) seems to due to an improvement in the 
quality of the structure, because writh higher upsetting 
pressures, lower temperature cross sections enter into 
the welding and a better forging action is obtained. 

The results of the specimens welded at Tap 9 var>’ 
still more (then those welded at Tap 6) esi>ecially in 
the region of lower upsetting pressures. Consequently 
the av^age curve is not as definitive. It lies somewhat 
higher than the average curve of specimens made at Tap 
6, and, in general, shows the same characteristic in¬ 
crease. At higher upsetting pressures, the curves are 
identical. 

(d) Repeated-Impact Strength—Table 14 .—The tests 
were made on a Krupp repeated-impact testing machine. 
The weld line is at die most critical section. After each 
blow the specimen was turned 180®. The strength of the 
specimen was evaluated by the number of blows it with¬ 
stood before breaking. Although the ratio betwreen the 
cross section of the specimen to that of the welded joint 
is low in this test (133/700), the variation of the test re¬ 
sults is relatively small so that a fairly clear picture wa> 
obtained. The two curves given, which show the nuir 
ber of blows to failure in Fig. 66, differ from the notch 
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Tabl* 13"Notoh>Imp«ot TmI on Flash^Woldod Joints of 30-Mm. (1.18>In.) Round Stool Bars, Matorial M. Typo of Spool* 

mon Shown In Fig. 6S 



U56, Tap 6 


I 

42.5 

22 

2.7 

67 

220 

460 

0.31 

440 

11 

.43 

65 

1.84 (1) 

2 

43 

28 

1.2 

72 

235 

520 

0.33 

470 

11 

•43 

70 ■ 

5.70 

3 

43 

IS 

0.8 

59 

500 

1100 

0.71 

1000- 

11 

.43 

70 

2.44 (1) 

4 

44 

31 

1.8 

77 

780 

1720 

1.10 

1600 

10 

.39 

65 

1.90 (1) 

S 

46.5 

20.5 

2.2 

69 

870 

1910 

1.23 

1750 

13 

.51 

65 

2.14 (1) 

6 

59 

22.5 

1.2 

83 

1050 

2310 

1.49 

2100 

11 

.43 

70 

3.10 

7 

40 

24 

2.0 

66 

1420 

3120 

2.01 

2900 

12 

.47 

65 

4.66 ('2) 

8 

60.5 

16 

1.0 

78 

1500 

3300 

2*12 

3000 

12 

.47 

65 

7.34 

9 

46.5 

26.5 

2.0 

75 

1620 

3560 

2.29 

3300 

12 

.47 

65 

5.88 

10 

48 

24 

1.8 

74 

2000 

4400 

2.83 

4000 

14 

.55 

70 

5.98 

11 

42 

18.5 

l.S 

62 

2090 

4600 

1B6, 

2.96 

Tap 9 

4200 

14 

• 55 

70 

7.38 

12 

24 

28.4 

0.5 

53 

240 

530 

0.34 

480 

22 

.87 

105 

2.74 (1) 

13 

21 

28 

0.4 

50 

360 

790 

0.51 

726 

20 

.79 

110 

3.20 (1) 

14 

20 

26.5 

0.7 

47 

540 

1190 

0.76 

1100 

16 

.63 

110 

1.74 (2) 

IS 

24.5 

24.5 

0.5 

so 

680 

1490 

0.96 

1400 

21 

.65 

105 

6.74 (2) 

16 

16.5 

31.5 

0.4 

51 

840 

1850 

1.19 

1700 

19 

.75 

110 

4.68 (2) 

17 

17 

24.2 

0.4 

42 

960 

2110 

1.36 

1900 

18 

.71 

105 

4.00 (1) 

18 

IB.S 

14.5 

0.5 

34 

1140 

2610 

1.62 

2500 

16 

•63 

105 

5.18 (2) 

19 



• 

53 

1360 

2990 

1.93 

2750 

19 

•75 

- 

4.58 

20 

32 

14.5 

2.0 

49 

1460 

3210 

2.07 

2950 

23 

.91 

100 

2.28 

21 

17 

19.5 

1.5 

38 

1820 

4000 

2.58 

3700 

20 

.79 

115 

6.64 

22 

26.5 

13.5 

1.7 

42 

' 1960 

4310 

2.78 

4000 

15 

•59 

95 

5.52 

23 

28.6 

11.3 

1.3 

41 

2190 

4820 3.10 

4400 

20 

.79 

110 

2.64 



(2) 

Porosity visible on the fiidshod aaohinetf 
asoll slag inolusions. 







impact curves (uincipally by the abrupt transition to the 
high level, and differ among each other by the position 
of the transition at different upsetting pressures. For 
specimens welded at Tap 6, this rise was between 1.8-* 
2 kg./mm.* (2600 and 2800 psi.); while the rise for spe¬ 
cimens weld^ at Tap 9 was between an upsetting pres¬ 
sure of 0.9 and 1.1 kg./mm.’ (1300 and 1600 psi.). The 
joints made at low upsetting presstues gave test bars 
which contained larger or sm^er defects that were vis¬ 
ible in the weld. Evaluation of the quality of the speci¬ 
mens from their external appearance is consistent with 
the impact values. From this it may be concluded, as 
above, that the drop in the curve is caused by impurities 
remaining in the weld. 

(s) Fatigue Strength—Table 8, ExperimenkU Series 14 
and 15 .—Before the specimens were tested in fatigue, 
the welds were given a thorough preliminary examina¬ 
tion. The specimens that had visible defects at the weld 
line, either scattered or continuous, are specially desig¬ 
nated in Table 8. The specimens were then X-rayed to 
see if additional defects were present. The findings were 
completed with the results of the fatigue tests and an ex¬ 
amination of the fractured siu^aces. In this, distinction 
was made between inclusions with oxidized surfaces and 
metallic-appearing surfaces. The specimens having 
scale-like irregularities on the fractured surfaces or 
specially coarse residual fractures were also indicated in 
Table 8. 

The welding times of the specimens welded at Tap 6 
range between 62 and 87 sec., with most of the times 
coming between 70 and 75 sec. In one exceptional case, 
the welding time was 2 min . From the slight variations 
in the maximtim energy input of the machine, it can be 
concluded that the welds were made imder closely uni¬ 


form conditions. The amount of bum-off was between 
14 and 23 mm. (0.55 and 0.91 in.). 

A large portion of the parts li^ visible defects which 
could be seen immediately after welding and especially 
after the test specimens were machined, and which were 
undoubtedly due to too small an upset. The structme of 
the individual specimens can be easily followed by the 
data of Table 8. The welds of Specimens 100 and 101 
can be seen to have small defects almost all around the 
test bars. The following two specimens show relatively 
few defects. With the exception of Specimen 109, the 

i 'oints that were welded at an upset pressure of over 1.7 
:g./mm.’ (2400 psi.) showed no external defects. Speci¬ 
men 109 showed a small cavity. The reason for this de¬ 
fect was undetermined as the welding proceeded norm¬ 
ally and the welding data showed no irregularities. 

Difficulty was encountered during the X-ray examina¬ 
tion of the cylindrical test specimens because of the vari¬ 
ation in thickness from the center to the edges. In or¬ 
der to equalize the thickness, the specimens were placed 
in a stannous chloride bath to increase the possibility of 
detecting defects at the edge of the test specimen. 
Figure 67 shows the radiographs of the various joints. 
Unfortimately, much of the detail is lost when the radio¬ 
graph is printed. By means of the X-ray examination, 
two more specimens were found to contain defects, one 
welded at an upset pressure of 1.71 kg./mm.* (2400 psi.) 
and the other at 3.4 kg./mm.* (4800 psi.). The first spe¬ 
cimen was probably preheated insufficiently and did not 
have enough bum-off. In any event, the total welding 
time of 58 sec. is tmusually short, and the bum-off was 
only 14 mm. (0.55 in.). For the second joint there was 
no apparent cause for the defect. 

Wi^ one exception, all specimens failed in the weld. 
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156, 

Tap 6 







1 

45 

26 

1.8 

71 

210 

460 

0.30 

430 

10 

.39 

70 


345 (1) 

2 

5i«6 

25 

l.S 

82 

270 

590 

0.38 

540 

14 

.55 

65 

1405 (1) 

9 

59 

22 

2.0 

65 

470 

1050 

0.67 

950 

12 

.47 

70 

3615 (2) 

4 

42«S 

33.5 

2.0 

78 

550 

1170 

0.75 

1060 

12 

.47 

65 

1914 (2) 

5 

41.5 

21 

0.8 

65 

770 

1690 

1.09 

1500 

12 

.47 

70 

2456 (1) 

6 

42 

14 

2.0 

58 

930 

2050 

1.32 

1900 

9 

•35 

70 


439 (1) 

7 

49.5 

20.5 

0.8 

71 

1210 

2660 

1.71 

2400 

IS 

.55 

86 

2698 (2) 

8 


• 

• 

64 

1480 

3210 

2.07 

2900 

12 

.47 

• 

7275 

9 

59.5 

24 

1.5 

65 

1570 

3450 

2.22 

8200 

14 

.55 

55 

7259 

10 

43 

25.5 

1.5 

70 

1970 

4330 

2.79 

4000 

13 

.51 

75 

6775 

11 

46.5 

17 

1.2 

65 

2050 

4470 

2.87 

4100 

13 

.51 

65 

7825 

12 

58 

19 

1.6 

59 

2260 

4970 

3,20 

4500 

14 

•55 

65 

8697 







186, 

Tap 9 







IS 

19 

24.1 

0.4 

44 

160 

350 

0.28 

280 

21 

.83 

105 


285 (1) 

14 

21.5 

16.5 

0.7 

89' 

240 

530 

0.34 

480 

15 

.59 

110 

1749 (1) 

15 

22.5 

26 

0.5 

49 

410 

900 

0.58 

820 

20 

.79 

100 

1609 (1) 

16 

26.5 

14.7 

0,6 

42 

600 

1320 

0.85 

1200 

18 

.71 

105 


817 (1) 

17 

14 

25.5 

0.7 

40 

730 

1610 

1.03 

1500 

20 

.79 

105 

7540 

18 

25 

18.7 

0.7 

44 

920 

2020 

1.30 

2000 

17 

.67 

100 

5385 

19 

24 

16.2 

1.4 

42 

1080 

2580 

1.53 

2200 

16 

.63 

110 

6879 

20 

26 

12 

1.4 

39 

1450 

3190 

2.06 

2900 

20 

•79 

100 


8173 

21 

25 

15 

1.7 

42 

1600 

3520 

2,27 

5200 

20 

.79 

100 


7537 

22 

32 

15 

2.0 

49 

1830 

4030 

2.59 

5700 

19 

.75 

96 


ssss__. 

25 

« 
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4050 

2.61 
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IS 

.71 
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V 


24 

52 

18.7 

2.0 

53 

1970 

4330 

2.79 

4000 

24 

.96 
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21.5 

16 

2.0 

40 
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Porosity visible on ths finished 
Sasll slag inclusions 
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action of the pressure measuring equipm^t, which tends 
to soften the force of the upset. The test specimens that 
had been examined both visually and by X-ray, and 
found to be free of defects, are specifically marked in Fig 
68. In general, they are located in the upper part of the 
zone of scatter. On the other hand, it was found for the 
specimens in which defects were observed before testing, 
that there was less deviation than would be expect^ 
from the curve for the other tests on the basis of the sin 
of the defects. The greatest deviations in fatigue 
strength are found at upset pressures above 1.7 kg./mm.* 
(2400 psi.). 

If a strengthening effect, such as occurs in the base ma¬ 
terial, is taken into consideration during the evaluatioc 
of the results, there is no change in the character of the 
fatigue strength curve and the strength is only sHgbtly 
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Tig. 68—Influence of Upsetting Pretsuze on Endurance Limit of 
nash'Welded loints. Materiu Type M. 30 Mm. (1.18 In.) 
Diameter, Tap 6 on WS6 


As shown in Fig. 68, the fatigue strength increases 
markedly with the upsetting pressures. This increase is 
quite rapid at the lower pressures but tapers off to the 
fatigue strength of the base material. The transition 
may be expected at an upsetting pressure of about 3.5 
kg./mm.* (50(X) psi.). Weld failure of specimens made at 
high upsetting pressures is probably caused by the spring 
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Tig. 70—Fractures of Specimens Welded at Tap 6 with Increasing Upset Pressure 


lower, as shown in Fig. 69. Therefore, the results have 
not been affected through a possible strengthening of the 
joints. 

It is also possible to correlate the improvement of the 
welded joints with increase in the upsetting pressure by 
examination of the fractured surfaces, as shown in Fig. 
70. All of the specimens that bad been considered de¬ 
fective before testing had fractured surfaces containing 
oxidized or metallic-appearing craters. Specimens 100 
and 103 had a rough, fissured, residual fracture in addi¬ 
tion to the craters. Specimen 106 contained a small cav¬ 
ity with a blank metallic surface despite the fact that the 


Fig. 71—Radlographf d Fatigue Specbuena Flaah Welded at 
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weld was considered satisfactory both from external ap¬ 
pearance and the radiographs. The fatigue strength of 
this specimen comes at the upper limits of the scatter 
zone. This indicates that the defect did not have a harm¬ 
ful influence (on the joint strength). Specimen 107 also 
contained a crater with oxidized walls which was not de¬ 
tected by X-ray examination. The fatigue strength of 
this joint is also in close agreement with the results 
of the other joints. 

The welding times of joints made at Tap 9 are shorter 
because of the higher energy inputs applied. The average 
time was 41 sec. The shortest time was 32 sec. and the 
longest was 49 sec. The maximum current input varied 
between 102 and 118 amp. According to this, the weld¬ 
ing cycle is not as uniform as the specimens welded at 
Tap 6. The bum-off averages between 18 and 20 mm. 
(0.71 and 0.79 in.), the sm^est amotmt being 16 mm. 
(0.63 in.). This experimental series includes upsetting 
pressures ranging from 240 to 2310 kg. (520 and 5100 lb.), 
which correspond to a pressure of from 0.34 to 3.27 kg./ 
mm.* (500 to 4600 psi.) on the nominal cross section. 

The first glance at Table 8 shows that the welds in this 
series were exceptionally bad. Specimen 115 broke dur¬ 
ing machining and could not be ^ted. The weld line is 
usually apparent on most of the machined test specimens. 
The two specimens welded at upsetting pressures of 
over 3 kg./mm.* (4300 psi.) and Specimens 121, 124 and 
128 were the only satisfactory defect-free joints. How¬ 
ever, after X-raying joint 121, welded at an upsetting 
pressure of 1.63 kg./mm.* (2300 psi.), it was found to 
contain defects. In the remaining specimens the X-ray 
photographs confirmed the visu^ examination of the 
surface. Fig. 71. In spite of a visible weld-line defect 
in Specimen 125, the X-ray showed none. This speci¬ 
men was probably X-rayed adjacent to the weld because 
of an imintentional movement of the specimen. The 
X-ray examination was not repeated. 

All of the welded test specimens failed at the weld 
line. The endurance limit increases with the upsetting 
pressure in the same way as the earlier experimental ser¬ 
ies, though the results are widely scattered as shown in 
Fig. 72. The scatter band is sharply delimited both 



above and below, so that an upper and lower limit can 
be considered. Although the lower curve is based on 
several values, its exact location is doubtful, because 
most of the specimens failed during the first load incre¬ 
ment and consequently had no opportunity to fail ai 
lower values. The specimens that were considered fret 
of defects, by X-ray and visual examination, are again 
specifically indicated on the graph. Most of them are in 
^e top part of the scatter band. Furthermore, the speci¬ 
mens in the upper portion of the scatter band had only 
small defects. Despite the fact that Specimens 116 and 
117 showed large defects, both by visual and X-ray ex¬ 
aminations and on the surface after fracturing, the joints 
had endurance limits of * 12.8 and 13.0 kg./mm.- 
(18,200 and 18,500 psi.) and failed only after the eighth 
load increment. Joints 118,119,122,127 and 130, located 
in the lower range of the graph, contained large weld-line 
defects as shown in Fig. 73. 

The upper limit reaches the fatigue strength of the base 
material at an upset pressure of about 3 kg./mm.* (4300 
psi.), which is somewhat earlier than with the specimens 
welded at Tap 6. The lower limit reaches a fatigue 
strength of only 14 kg./mm.* (19,900 psi.), at the upset 
pressure of 3 kg./mm.* (4300 psi.). The continuation of 
the curve is uncertain. Upon t^ing into account the 
possible strengthening effect corresponding to that of the 
base material, there was no appreciable ch^ge in the 
curve, and resulted in lowering the upper limit by a small 
amount. Fig. 72. 

Oxidized and metallic craters were found on fractiued 
surfaces of specimens welded at the highest upsetting 
pressures. A greater number of these specimens had a 
more or less pronounced scale-like formation at the weld 
line, as compared to the specimens welded at Tap 6. The 
residual fractures were unsatisfactory only for the welds 
made at low upsetting pressures. In general, the fm- 
tured surfaces of the specimens in this series show joints 
of considerably poorer quality. Here also, the fatigue 
strength, upsetting pressme and the appearance of the 
fractured surface are closely correlated the same as for 
specimens welded at Tap 6. The assumption previously 
stated that an inadequate weld strength is caused by in¬ 
sufficient upsetting, has been confirmed. As shown in 
Fig. 66, the fatigue strength curve does not show an 
abrupt increase in strength as the upsetting pressure in¬ 
creases, such as observed for other test methods. The 
fatigue strength curves for specimens welded at Taps 
and 9 run in about the same way, but they differ from 
each other in their strength and in their amount of scat¬ 
ter. 


Relation Between the Welding Procedure and the 
Properties of the loinb 

Esser has conducted fundamental research on the ques 
tion of (pressure) weldability of electrolytic iron and pure 
iron-carbon alloys, bearing on the relation between tem¬ 
perature, upsetting pressure and strength. Since the 
object is to determine weldability as a property of the 
material, special precautions were taken to eliminate any 
disturbing factors. In order to prevent oxidation, the 
cylindric^ test specimens were machined with rounded 
conical ends and heated in a vacuum with a carbon cc^ 
and welded by static pressure. After slow cooling, these 
test bars were broken in tension. The weldability, judged 
by the results of the tension test, increased but little at 
lower temperatures with increasing pressure, but ai 
higher temperatures there was a marked increase 
The higher the welding temperature, the lower the 
sure at which consistent-strength values were obtained 
with increasing pressure. The maximum weldaWit) 
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due is practically reached at about 1000® C. (1800® F.) 
a pressure of 1.5 kg./mm.’ (2100 psi.). 

In flash welding many conditions exist which are 
ndamentally different from Esser's experiments so 
lat it is impossible to apply his results directly to this 
ethod of welding. In particular, oxidation is not pre- 
:nted, temperature of the abutting surfaces is materially 
)Ove 1000® C. (1800® F.), and during upsetting displace- 
ent of the material takes place particularly in the weld 
ine. Because of the high temperatures, very low upset- 
ig pressures will be sufficient in flash welding. It was 
und that the tensile strength of the joint, even with 


upsetting pressures of 0.85 kg./mm.* 
(1200 psi.), was still higher tl^ that 
of the adjacent material. Actually, 
however, other test methods show 
that at upsetting pressures of 1.5 
kg./pim.* (2100 psi.), the maximum 
tensile strength is far from reached 
in some cases. In spite of the high 
temperatures, the inherent good weld¬ 
ability of the material is not effect¬ 
ively utilized. On the basis of these 
considerations, it can be seen that 
slag inclusions and porosity must be 
the reason for the low strength of the 
weld, which agrees with the observa¬ 
tions on the fractured surfaces of 
the fatigue specimens. However, if 
the quality of flash-welded joints 
depends upon oxidation products 
that remain, it then becomes clear 
that the strength of the joint depends 
not only upon the upsetting pressure 
but also upon all other factors which 
influence, either directly or indirectly, 
the condition of the cross section of 
the weld after welding. The factors of 
primary importance are the ones 
which affect slag formation and slag 
expulsion: the welding current is the 
factor which determines the amount 
of heat and the flashing intensity, 
while upsetting is the final effect for 
removing all foreign material from 
the abutting surfaces. Finally, the 
welding time exerts an indirect in¬ 
fluence since it helps to control the 
temperature variations in the work, 
and hence influences the distribution 
of the upsetting work in the weld 
line and the material adjacent to it. 
These factors are so closely related 
to each other that they must be 
carefully regulated so that there is a 
minimum of impurities and porosity 
in the weld. 

It was these considerations which 
gave rise to the investigation of de¬ 
tailed behavior during preheating 
and flashing previously reported in 
Section 5. If the information there 
obtained, together with the observa¬ 
tions on upsetting, is analyzed from 
the standpoint that slag elimination 
is the crux of the flash-welding prob¬ 
lem, it is posrible to explain the 
apparently confplicated relations be¬ 
tween the flash-welding processes 
and the strength properties of the 
welded joints. 

Under the influence of the upsetting pressure, the 
endurance limit of joints welded at Tap 6 in 30 mm. (1.18 
in.) round steel bars increases according to Fig. 66, so 
that it reaches the stated percentages of the strength of 
the starting material at upset pressures of about: 

0.9 kg./mm.* (1300 psi.)—50% 

1.8 kg./mm.* (2600 psi.)—70% 

2.9 kg./mm.* (4100 psi.)—90% 

Since it is the entire weld cross section that is tested, it is 
permissible to refer simply to the strength of the weld. 
When the joints are made at Tap 9 of the WS6, the re- 
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lation between the upsetting pressiu’e and fatigue 
strength still has the same characteristics; however, the 
results are scattered more and the maximum values and 
the upper limit, that is, the attainable strength, are 
higher. The increased scatter is due to the more profuse 
gas and slag formations which are unavoidably associated 
with high flashing current. The individual flashes during 
the biuTi-off period cause deeper penetration at the point 
of attachment of the molten current bridges and result 
in local overheating. As previously explained, the energy 
input could be so Ugh that gas bubbles will form on the 
abutting surfaces which are almost impossible to elimi¬ 
nate during upsetting. Therefore, with higher energy 
input, the possibility of overheated metal, gas and slag 
inclusions in the wdd line increases. The fatigue frac¬ 
tures of the specimens welded at Tap 9 are noticeably 
worse, in agreement with the above. With large defects, 
the location of the defects as well as the reduced area 
are important. For these reasons it is possible to under¬ 
stand the cause for the wider variation between the re¬ 
sults of specimens welded at Tap 9. 

It is noteworthy that the strength of specimens welded 
at Tap 9 may be higher than those welded at Tap 6. 
Since the measured welding temperatures were so high 
that minor differences could be neglected, the above 1^- 
havior could not be explained by the flashing and oxida¬ 
tion phenomena. Here again, the reason is to be found 
in the slag behavior. The temperature gradient in the 
material on both sides of the weld is more abrupt when 
welding at Tap 9 than it is for welds made at lower cur¬ 
rent settings. Consequently, when a high energy input 
is used, the upsetting force is greater at the weld line than 
it would be for the highly plastic, easily deformable ends 
of the work obtained with more slowly made welds with 
lower currents. This also gives a smaller increase in 
cross section. The joints made at short welding times 
eliminate the slag proportionately better from the weld 
and should show higher strengths. As previously men¬ 
tioned, the soundness of the joints would be questionable 
because oxidation is rapidly accelerated with increasing 
energy. Up to a certain point the upsetting force will 
act as an equalizer. At higher energy levels, the quality 
of the welds is lowered by the product (resultant) of 
these two influences. This may also be seen by the 
strength values of the defective welds which were unin¬ 
tentionally made. It is obviously not an accident that 
these values decrease with a decrease in welding time, 
that is, with increased energy. This also clarifies the 
scattered results of the specimens welded at Tap 9 of the 
WS7. 

Since the impurities are forced from the center toward 
the outside edge of the weld, the center section of the 
weld line will be satisfactory at an upset pressiu'e which 
is still insufficient to force the impurities from the outer 
zone. Since the slag is expelled from the weld line sym¬ 
metrically in all dir^tions, there is a circular slag-free 
area for each upsetting pressure, whose diameter increases 
with increasing upsetting effect. Therefore, if only a 
portion of the welded cross section is tested, the observed 
strength depends upon the size and location of the test 
section in the weld. The streng^th of welded test bars, 
which is variable with the pressitre, must increase 
abruptly as soon as the applied upset pressiue is suffi¬ 
ciently high to remove the impurities from the section 
that is tested later. The sudden increase was observed 
during the notch-impact and repeated-impact tests. 
In the impact test, the section tested is comparatively 
small and rectangular and lies unsymmetrical in the 
weld, due to notdhing. In spite of this, the irregular 
variation in strength can be recognized. These condi¬ 
tions are more favorable for the repeated-impact test 
because the cross section of the specimen is circular and 


concentric to the weld line. They are also larger, conse ^ 
quently the individual defects do not have su<ffi a strong : 
influence on the strength of the joint. As expected, the I 
repeated-impact results increase sharply at the critical' 
upset pressimes to values which lie more than twice as, 
high. 

The question why the jump in strength occurs sooner 
in welds made at Tap 9 still remains. In this connectioc 
it must be recalled that the pressure distribution at 
the weld line during upsetting is less uniform the less 
the ends are heated. For specimens welded at Tapf 
the pressure equalization is facilitated because the abut 
ting ends will deform more easily. The welds made at 
Tap 9 upset only near the outer surface of the joint sc 
that most of the upsetting force is carried by the center 
of the cross section. This restilts in a better and quicke 
elimination of the slag from the center of the wdd sec 
tion. 

Influence of the Size and Shape of the Welded Cios 
Section 

In welding the 30-nim. (1.18-in.) round steel bars it ■ 
foimd that the strength of the joint increases with th 
cleanliness of the weld. Thus, it is justifiable to assim 
that all factors which help this condition are favorable, 
whereas all others are detrimental. Therefore, the size 
and shape of the sections should be judged on the bas' 
of their influence on the formation of oxidation product 
and their removal during upsetting. It is easy to stx 
that the elimination of the deposits on the abutting sur 
faces depends largely on the size and shape of the sectioi 
The shorter the slag paths and the larger the perimetf- 
of the weld with respect to the cross section, the quicke 
and easier it is to eliminate the undesirable constituent- 
from the weld, and thus the greater the assurance of ^ 
perfect joint. Therefore, sm^ sections have an adva;- 
tage over large ones, and broken sections over solid one- 
In applying tiie data obtained from the investigation : 
the 30-mm. (1.18-in.) round bars, it should not be over 
looked that the changed heating and cooling condition>' 
influence the upsetting action. 

In order to test these ideas with resp^t to small crosi 
sections, a series of joints was made with C 10.61 sietl 
15 mm. (0.59 in.) in diameter at Taps 3, 5 and 9 on thr 
WS6 and tested in a Schenck fatigue testing machir^ 
according to Wohler's method. Cross sections 15 nur 
(0.59 in.) in diameter, should be welded at Tap 4 in U t 
20 sec., according to the rating tables. Tap 9 was i: 
eluded in order to find out the behavior of joints lb- 
were welded with extra high energy input. Under iht 
condition the total welding time was only 5 sec. Tl 
diameter of the test bars made from these joints was ^ 
mm. (0.37 in.) at the section tested, so that the outc' 
zones of the weld were not included in the test. Furtbfr 
test data are given in Table 15, and the result is ai- 
shown in Figs. 74 and 75. 

All specimens that failed broke at the weld line. Tb- 
high strength of the specimens welded at Tap 9 is notr 
worthy. In spite of the high current used, considerable 
slag was expelled. Several circumstances were probab 
resjxnisible for this result. There was a considerable ti • 
ference found during the burn-off period compared to t - 
30-mm. (1.18-in.) round bar, for the explosion of the cs 
rent bridges cleaned the entire flashing surfaces becats 
they were in the immediate vicinity of the point of 
tachment of the bridge. In addition, the high flash;' * 
energy applied causes a sharp drop in temperature • 
both sides of the weld, which is further increased by l 
fast bum-off. Therefore, it is largely the cross secu 
closest to the flashing surfaces that are the most invim 
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Table IS^Fatigue Strength of Flash>Welded Joints ol St C10.61 Steel Bars. IS Mm. (0.89 In.) In Diameter. Welded at Taps 

3. 8 and 9 

Burn-off,, 10-12 mm. (0.39-0.47 In.) Test Specimens, 0.5 Mm. (0.37 In.) in Diameter 
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Fdtigua Teat 



Sat- 

tine 

Wsldina Tiaa In Saoonda 
Pra- Post- 

hsat PUah hsat Total 

■mH 
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Stress 

Kg 

Load 

p.a.i. 

lUaKdP 
of Cyolaa 
to Vnilura 

Looation 

of 

Fraotura 

Ranarka 

1 

9 

1.6 

3.2 

0.6 

5.8 

37.5 

22.0 

31,300 

849,800 

Bald 


2 

9 

2.8 

8.1 

0.6 

6.9 

34.6 

20.0 

28,500 

>25,645,000 

(1) 


5 

9 

4.1 

8.6 

0.8 

8.0 

86.6 

22.0 

31,300 

1,481,900 

Bold 


4 

9 

2.6 

3.0 

0.3 

5.9 

86.0 

21.0, 

29,900 

1,363,200 

m 


5 

9 

1.8 

8.8 

0.4 

5.0 

37.0 

20.0 

28,500 

821,800 

m 


« 

9 

2.0 

8.0 

0.4 

5.4 

37.0 

19.0| 

27,000 

>23,913,400 



T 

9 

1*2 

3.5 

0.8 

6.0 

89*0 

20.0 

28,500 

>28,257,000 



e 

9 

1.6 

3*1 

0.2 

6.1 

89.6 

2U0 

29,900 

1,223,500 

Bild 


9 

9 

1*2 

8*0 

0*8 

4.5 

88*6 

20*5 

29,200 

640,200 

m 


10 

5 

6*9 

16.0 

0.4 

22.8 

19.0 

26.0 

89,800 

187,700 



11 

5 

la 

9.2 

0.8 

18.7 

17*6 

24*0 

84,100 

200,300 

m 


12 

5 

9*0 

10.4 

0.5 

19.9 

22*0 

20.0 

28,500 

625,400 

m 


IS 

5 

12.0 

7.0 

0.8 

19.8 

16*0 

12*0 

17,100 

>11,654,900 



14 

5 

4*6 

18.2 

0.8 

18.6 

21.3 

16.0 

22,800 

>24,708,900 



15 

5 

6*8 

11.0 

0*8 

17.6 

19.6 

18.0 

25,600 

>16.881,000 



15 

5 

6.1 

11.6 

0.2 

16.9 

16.0 

20.0 

26,600 

>26,795,000 



IT 

5 

2.7 

14.2 

0.8 

17.2 

19.0 

22.0 

81,300 

>86,469,000 



18 

5 

12*3 

S.l 

1.4 

18.8 

18.0 

20.0 

26,500 

364,600 

Bald 


19 

3 

46*3 

10.8 

1.5 

60.8 

7.5 

20.0 

28,500 

51,600 

Bald 


90 

3 

27*6 

21.4 

1.9 

50.9 

10.2 

16.0 

22,800 

1,952,500 



21 

8 

8*1 

87.7 

0.4 

46.2 

18.6 

14.0 

19,900 

>24,667,300 

(2) 

Flaahlng 

22 

2 

18*6 

27.6 

0.6 

46.8 

13.6 

24.0 

34,100 

26,200 

Bald 

aaa 

2S 

3 

6*1 

89.6 

0.9 

46.6 

15.5 

16.0 

22,600 

565,700 

a 

often 

24 

3 

10*9 

88.6 

0.8 

45.8 

12.5 

15.0 

21,400 

15,488,300 

II 

inter* 

25 

8 

14.8 

29.4 

l.O 

45.2 

12.4 

16.0 

22,800 

596,400 

a 

ruptad 

26 

8 

9.6 

85.4 

0.7 

45.6 

15.6 

14.5 

20,600 

>22,844,600 


with abort 

27 

8 

6.2 

31.8 

O.B 

40.3 

14.2 

15.0 

21,400 

1,296,200 

Bald 

olroults 


(1) Broke in the weld at 23 kg./mm * (32,700 psi.) after 690,400 cycles. 

(2) Specimen did not fail at a stress of 18 kg./mm * (25,600 psi.) ^ter 17,830,000 cycles at a stress of 22 kg./mm.* (31,200 psi) and 
673,000 cycles, specimen failed at weld. 
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Fig. 74—Wohler's Curves for Joints Made in St C10.61 Steel 15 Mm. (0.59 In.) in Diameter 
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Fig. 7S—Endurance limit of Flaih-Walded Jointi in St C 10.61 
Steel 


The conditions that would prevail for cross sections 
having an area greater than 700 sq. mm. (1.09 sq. in.) 
cannot be obtained directly from the experimental work 
to date, although, the fund^ental deductions would be 
the same. Open sections will be more favorable than 
closed ones b^ause of the shorter distances for slag re¬ 
moval and the better area ratio. Since considerably 
larger amounts of slag must be expelled through the 
periphery, and since the circumference per imit of area 
decreases with an increase in cross-sectional area for a 
given form, the influence of the area ratio will probably 
be of increasing importance. The time of upsetting will 
also have a bearing on the process because of the neces¬ 
sary movement of the slag and the limitations of the ve¬ 
locity. 


during upsetting, thus causing intense squeezing at the 
surface with litde upsetting (increase in diameter). It 
should also be taken into consideration that there is al¬ 
ways excessive up>setting energy when the smaller weld¬ 
able cross sections are being made on a given machine. 
This is because the upsetting capacity of the machine is 
designed for larger cross sections. Consequently, there 
is always a comparatively higher upsetting pressure when 
welding small cross sections. The good results obtained 
from joints welded at Tap 9 were ^so made possible by 
the short distance required to expel the slag and the large 
ratio of the circumference to the cross-sectional area. 
The ratio UIQ, for round cross sections is VIQ = 4/d 
(where Q is the cross-sectional area). For a diameter (d) 
of 30 mm. (1.18 in.) the ratio is 0.133, for a diameter(d) 
of 15 mm. (0.59 in.) the ratio is 0.266, which is twice as 
high and, therefore, more favorable. An equally favor¬ 
able cross section {U/Q = 0.266) from the upsetting 
standpoint can be calculated having the same cross sec¬ 
tion as the 30-mm. (1.18-in.) roimd bar (with an area of 
707 sq. ram.—1 sq. in.), by selecting a rectangtilar cross 
section with the sides, c and b, by using the following 
formulas; 


Q = a b ^ 707 


U 

Q 


20 + 26 
707 


= 0.266 


The solution gives a rectangular cross section with side a 
= 85.85 mm. (3.38 in.) and b— 8.22 mm . (0.32 in.). On 
a similar basis, a tub^er cross section with an outside 
diameter of 37.5 mm. (1.48 in.) and an inside diameter of 
22.4 mm. (0.88 in.) has an equally favorable relationship 
for upsetting. If steel strip 85.8 x 8.2 mm. (3.38 x 0.32 
in.), or tubing with a 37.5 mm. (1.48 in.) O.D. and 22.4 
mm. (0.88 in.) I.D., is welded, the upsetting conditions 
would correspond to those of the 15-mm. (0.59-m.) 
rotmd bar, instead of the 30-mm. (1.18-in.) Since a cir¬ 
cular cross section represents the smallest possible area of 
a given surface, it is impossible to make a specimen com¬ 
parable in size with an area ratio of 0.133 with smaller 
cross-sectional areas than 707 sq. ram. (1.09 sq. in.). 

The joints in 15-mm. (0.59 in.) round bars welded at 
Taps 3 and 5 have a lower endurance limit than those 
welded at Tap 9. The available upsetting energy 
obviously could not be used to its full advantage because 
of the intense heating of the ends of the work and the re¬ 
sulting high plasticity. Since the upsetting mechanism 
has a fixed gear ratio which permits only a limited upset¬ 
ting speed, the upsetting force under the above condi¬ 
tions could be considered a minimum. A large amount 
of upset (increase in cross section) resulted without a 
corresponding stuface pressure, as a result of which the 
slag inclusions and gas remained in the weld line. The 
fatigue strength must therefore be correspondingly tm- 
favorable. 


Conclusions 

Because of the close relation between welding tech¬ 
nique and the quality of the joints, strength data are fully 
useful only when the material and the welding and test¬ 
ing conditions are known to the smallest detail. The 
wdding schedule is adequately described by the size and 
shape of the weld cross section, the welding times, the 
amount of bum-off the maximum energy output from 
the transformer and the upsetting pressures. The elec¬ 
trical characteristics are augmented by the mechanical 
characteristics of the flash-welding marine. However, 
it is usually sufficient to know just the open-circuit volt¬ 
age and the maximum current load of the original cross 
section during upsetting. A good understanding of the 
flash-welding cycle may be obtained by the input and 
current vs. time graphs and the records of the rate of 
platen advance. The question as to whether the pres¬ 
sure-travel curve should be used in place of the upsetting 
pressure for large cross sections, is left imanswei^. On 
the basis of the required data, reproducibility of the 
joints is insured. 

Since the foregoing experience on the reciprocal rela¬ 
tions between the welding conditions and their effects wi 
the quality of the joints was obtained solely on mild 
steels, the conclusions, strictly speaking, can be applied 
only to this material. However, it is certain that high 
quality steels, particularly those which are sensitive to 
heat and notch effects, would place greater emphasis oc 
the welding details. Therefore, it is expedient that the 
data for each production setup be as complete as possible, 
and that they be supplemented with other information 
such as the length of work projecting from the dies. 

For evaluating the joints, in addition to the type of 
test and design of the test bar, the size, shape and posi¬ 
tion of the test section in the weld joint are importaDt. 
Since slag expulsion proceeds from inside to outside, the 
properties are best at the center. Conversely, an insuffi¬ 
cient upsetting effect shows up first around the outside 
The rotating-^am fatigue test was found to be the most 
appropriate test method, because it detects slight vana- 
tions in strength as well as shows mnall details of tb^ 
quality of the joint on the fractured surfaces when a spca- 
men fails at die weld line. This is also true for the 
notched and repeated-impact tests. In any test method, 
however, provision should be made for the test spedmeD 
to be as large as possible, and to correspond appron- 
mately to the size of the original joint. It is well to use 
the simple bend test with notched and tmnotched test 
bars. The unwelded base material serves as a basis ctf 
comparison. The usual tension test is unsuitable, as 
many times the results lead to erroneous conclusions. 
The conditions for judging the joints are more favorable 
when notched test specimens are used. 

The energy load during {ineheating and flashing most 
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be regulated with respect to the cross-sectional area of the 
material so that the capacity of the upsetting mecha¬ 
nism can be used to best advantage. From the standpoint 
of heating the abutting surfaces and the effectiveness of 
the upset due to the resistance to deformation which is 
thus established, the highest possible energy should be 
used during welding. If the conditions for slag removal 
are favorable, as in tests for 15-mm. (0.59-in.) round 
bars, this requirement can be practically met without en¬ 
dangering the strength of the joint. The opportunity 
for doing this is given by the smaller sizes of materi^ 
on a given machine. The maximum electrical loading 
for the parts to be yrelded is determined by the adapta¬ 
bility of the upsetting mechanism to produce the neces¬ 
sary upsetting force and speed for complete elimination 
of the oxidation products. If slag removal is made less 
favorable by the size and shape of the cross section, the 
energy load must be selected with caution. It was be¬ 
cause of this fact that the 30-mm. (1.18-in.) round steel 
bars welded at Tap 9 of the WS7 failed prematurely dur¬ 
ing the fatigue test. 

The same considerations apply in principle to deter¬ 
mine whether it is permissible to start flashing without 
preheating. Because of the exaggerated energy loads, 
overheating and gas pockets on the abutting stufaces are 
to be feared, and it cannot be certain that they will be 
eliminated by upsetting. The large temperature varia¬ 
tion between neighboring areas and the stresses which 
are thereby produced during and after welding g^ve cause 
for concern. Some failures have also occurred. In spite 
of that, flash welding in this form is practiced in the mass 
production of small sections with very favorable deslag- 
ging conditions to obtain the highest possible output with 
the greatest economy. However, this goal can be ap- 
proa^ed by other methods without involving the in¬ 
tegrity of the joints. Actually, the high electrical energy 
is a disturbing factor only toward the end of the flashing 
period. For this it is only necessary that, as the welding 
proceeds, the current should be decreased by steps or 
continuously to the proper level depending upon the 
amount of bum-off or platen advance. This al^ g^ves 
the advantage that the limitation to definite cross sec¬ 
tions is eliminated (German patent applied for). 

If pieces are to be flash welded winch exceed the me¬ 
chanical capacity of the machine, the maximum strength 
of weld that could be expected would correspond to the 
pressure obtained at the siu^aces of the material during 
upsetting. Welding oversized open sections is frequently 
unsatisfactory because of the high heat losses which 
hinder the establishment of welding temperatures on the 
abutting surfaces. The electrical energy is most likely 
sufficient for heating solid cross sections. A long pre¬ 
heating and flashing period causes the work beyond the 
abutting surfaces to be heated to such an extent that 
the already insufficient upsetting effect will be further 
lowered by the easy deformation of the ends of the work. 
Welding under such conditions should be avoided as 
much as possible. 

After emphasizing the importance of slag removal from 
the abutting surfaces during upsetting, it is not neces¬ 
sary to elalyjrate on how important it is that the work 
be properly aligned and that is should not )neld during 
upsetting. It is advisable to use clamping dies that pre¬ 
vent any movement of the work after ^justment has 
been made. 

Cutting the current off before or after upsetting has 
no influence on the strength of the joints provided that 
the temperature does not drop at the abutting surfaces 
before upsetting and that the joint is protected from un¬ 
necessary heating immediately after welding. Within 
these limits, the instant of current cut-off should be se¬ 
lected in so far as it is necessary to make such a decision, 


according to expediency. Early current cut-off is 
economic and ^ suited to solid sections and heat-sensi¬ 
tive materials, whereas a later cut-off would be advisaUe 
for open sections with larger exposed surfaces and corre¬ 
spondingly high heat losses. 

The unavoidable variations encountered during the 
preheating and flashing periods on manually operated 
flash welders do not have as much influence on the qual¬ 
ity of the joint as variations in the upsetting pressures. 
Therefore, the upsetting pressure should be closely con¬ 
trolled, whereas the wel^ng time and amount of bum-off 
need only be considered to improve further the uniform¬ 
ity of the product. A pressure indicator is preferred 
which permits reading after each weld, to avoid unnec¬ 
essary attention of the operator. 

In order to obtain perfectly uniform welding conditions 
which according to Eschelbach are particularly essential 
for high quality steels, all individual defects must be 
eliminated. With large machines, development has al¬ 
ready proceeded ^ong these lines, having been forced 
by ^e fact that the high upsetting capacity requires a 
motor drive and, with this method of operating tiie ma¬ 
chine, it was also obviously desirable to ^d to the motor¬ 
ization of upsetting a control mechanism for the platen 
travel during preheating and flashing. By now it ^ould 
be apparent that the main advantage of automatic weld¬ 
ing nmchines lies in their establishment and precise con¬ 
trol of all important welding conditions and that it, 
therefore, is not only advantageous but in many cases is 
even necessary to mechanize the smaller machines. The 
control of the upsetting pressure with suitable instru¬ 
ments is also necessary on autcmiatic machines. An in¬ 
dicator showing the clamping force of the dies on the work 
may be dispensed with even in large machines because 
poor clamping of the work is indicated by a deficient 
upsetting pressme. However, clamping pressure indi¬ 
cators are desirable as an added precaution for knowing 
that the welding operation will proceed properly. 

Summary 

Small differences in fatigue strength gave rise to stud¬ 
ies of the various phases of flash welding, e.g., preheating, 
flashing and upsetting. Flashing is the predominant 
factor for heating the work. Directly after one another 
come: a short circuit, a current bridge of molten metal, 
explosion of the current bridge by vaporization of the 
metal, and expulsion of the molten metal leaving craters 
in the abutting surfaces. Then the cycle of events re¬ 
peats. From this picture which has been experimentally 
determined, the lifting conditions for energy input and* 
rate of bum-off were deduced. The finding is noteworthy 
that when high energy inputs are used, pits are left at 
the bottom of the flashing craters which tmder some cir- 
ctimstances cannot be eliminated from the weld even 
by using a powerful upset. 

Temperature measurements and microexaminations 
clearly show the influence of the energy input and weld¬ 
ing time on the structure and the heat-affected zones. 
As the energy input increases with a corr&ponding de¬ 
crease in welding time, the heating effect on ^e work de¬ 
creases until the conditions at the abutting surfaces are 
reversed and rapidly become unfavorable. By means of 
hardness and tension tests on notched and unnotched 
test bars, the location of fracture is explained. The 
conversion factor between tensile strength and hardness 
varies only slightly as the distance from the weld de¬ 
creases. 

Comparative fatigue tests showed that joints made in 
mild steels having precipitation-hardening properties 
had a higher strength when polished than ^e unwelded 
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base material. Also, rough-machined joints broke out¬ 
side the weld in the rolled surface, v^ose effect is greater. 
The surface factor for the rolled surface was found to 
have a value of Ot 1.20, which agrees closely with 
other investigations. The welding time and energy in¬ 
put have an influence on the strength to the extent that 
at excessively high flashing currents the strength of the 
weld becomes tmcertain without any external indication 
being present. 

In order to determine the effect of upsetting, a large 
number of welds were made on Taps 6 and 9 of the WS6 
using various upsetting pressures, and were tested for 
fatigue strength, repeated-impact strength, notdi tough¬ 
ness, bend angle and tensile strength. The endurance 
limit increases slowly as the upsetting pressure increases 
until, at about the endurance limit of the starting ma¬ 
terial, it becomes uniform. An upsetting pressure of 
about 2.9 kg./sq. mm. (4100 psi.) was requir^ for weld- 
iitg 30-mm. (1.18-in.) round steel bars at Tap 6 of the 
WS6 in order to obtain 90% of the endurance limit of the 
unwelded material. Higher flashing currents increased 
the scattering of the strength results over the entire 
range of upsetting pressures. 

From the examination of the fractured surfaces and 
radiographs, the results of the various test methods, and 
the proportion of the tested cross section to that of the 
welded cross section, it is concluded that the quality of 
the joints depends upon the amotmt of imptuities in the 
weld such as porosity, slag and overheated material, al¬ 
though these impurities do not have the same effect as 
sharp notches or similar defects. Therefore, all condi¬ 
tions which influence the formation and expulsion of 
oxidation products, primarily welding current, welding 
time and upsetting pressure, are critical with respect to 
the strength of the joint. The sire and shape of the parts 
arc also important factors because slag removal becomes 
more favorable the more easily all undesired constituents 
can be eliminated from the abutting surfaces. The ex¬ 
periments on Steel C 10.61 confirm this assumption with 
respect to smaller cross sections. 

In the conclusion to the report a number of questions 
are discussed relative to the testing and characteristics 
of the joints, the operation of the machines and the pos¬ 
sibilities for future development. 
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The Spot Welding of NE 8715, NE 8630 

and SAE 4340 in the 
0.125-In. Thickness* 

By W. F. Hes8,+ W. D. Dotyt and W. J. ChUdst 
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Mallory & Co., Inc.; G. S. Mikhalapov, War Metallurgy Com¬ 
mittee; V. V. Whitmer, Republic St€*l Corp. 


Summary 

T his report describes work done in establishing 
optimum conditions for making tempered spot 
welds in three different type steels in the 0.125- 
in. thickness. This work is a continuation of similar 
investigations on steels of various grades mainly in the 
0.040 in. thickness.^"* 

It is shown that great improvements in the mechanical 
properties of the welds are obtained through tempering 
in the welding machine. The greater the hardenability 
of the steel, the more will the mechanical properties be 
improved. For example, in the case of SAE 4340, the 
shear strength is more than doubled, the normal tension 
strength almost tripled and the normal impact strength 
increased twelve times. This process consequently makes 
it possible to spot weld steels which would ^ unweldable 
using conventional methods of spot welding. 

Introduction 

The feasibility of making tempered spot welds in a 
variety of different steels in the thinner gages had al¬ 
ready been established in this laboratory prior to the 
present investigation. However, it was felt that before 
the process could have a wide adoption in industry, more 
data on additional steels and thicknesses were necessary. 
This is the first report on a program established at the 
Rensselaer Polytechnic Institute to supply such addi¬ 
tional data. It covers the sjwt welding of NE 8715, NE 
8630 and SAE 4340 in the 0.125-in. thickness. The steel 
NE 8715 was chosen as a general substitute for the 
proprietary low-alloy steels. The steel NE 8630 was 
selected as being most representative of the medium 


* Propes* Report on The Spot Welding of High Tensile Carbon and Low- 
Alloy Steels to the Office of Production Research and Development, War 
Production Board. WPB-193. 

t Welding Lab., Rensselaer Polytecbnic Institute, Troy, N. Y. 


alloy steel group, and SAE 4340 as t 3 rpical of the alloy 
steels in the 0.40% carbon range. When these steels are 
spot welded the subsequent rapid cooling results in a 
brittle martensitic structure with poor mechanical proper¬ 
ties. Tough, ductile welds may be obtained by passing a 
short postheat current after the weld has cooled to 
martensite. This raises the temperature to a value just 
below the austenitization range producing a tempered 
structure. 

Material 

The chemical analyses and mechanical properties of 
the steels used are given in Tables 1 and 2. The ma¬ 
terial was supplied in the hot rolled, normalized and 
drawn condition. The surface of the SAE 4340 was 
unsatisfactory for spot welding, and thus necessitated 
alundum grit blasting. Inconsistencies in the heat 
treatment of welds made in the NE 8715 were also cor¬ 
rected by grit blasting. In the case of the NE 8630 the 
surface was better and a trichloroethylene vapor de¬ 
greasing treatment was sufficient. However, some work 
was done on this steel using blasted stock for com¬ 
parison purposes. 

Equipment 


Electronic control equipment provided accurate tim¬ 
ing of the duration of the weld current, cool period and 



Tabu l-"Chaxnieal Analyaaa 


Element 


NE 8715 

NE8630 

SAE 4340 

Carbon 


0.165 

0.30 

0.38 

Manganese 


0.80 

0.83 

0.60 

Phosphorus 


0.023 

0.017 

0.016 

Sulfur 


0.026 

0.020 

0.018 

Silicon 


0.31 

0.24 

0.22 

Nickel 


0.50 

0.53 

1.77 

Chromium 


Os 53 

0.52 

0.77 

Molybdenum 

0.23 

0.21 

0.23 



Tabu 2— Maehanieal Propartiaa 



Yield 

Ultimate 




Strength, 

Strength, 

Elongatioti 

Hardness 

Grade 

Psi. 

Psi. 

in 2 In., % 

Rockwell B 

NE 8715 

61,600 

81,700 

25,0 

87 

NE8630 

83,700 

103.300 

19.5 

97 

SAE 4340 

83,800 

102,100 

23.5 

95 
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temper cturent. The magnitudes of the weld and temper 
currents were v^ed by means of phase shifting. An 
electric timer utilizing a pair of precision synchronous 
clocks w^ employed to check the timing periods. The 
current times were sufficiently long to permit the use of 
an EstCTline-Angus strip chart recording ammeter for 
measuring the currents. This meter was connected by 
means of a current transformer into the primary circuit 
of the welding machine. In order to prevent variations 
in cimnt resulting from changes in the line voltage or in 
the impedance of the welding circuit, an automatic cur¬ 
rent regulator was used. Details of the construction and 
operation of this Equipment are described in the liter¬ 
ature.® 

Dome-shaped electrode contact surfaces of restricted 
diameter, with a 30® conical approach to the contact 
surface, were used throughout the investigation. It was 
found that for the 0.125 in. thickness of material, the 
dome-shaped electrodes caused less distortion and gave 
better current distribution than flat electrodes. The 




^ 9 - 1—SptdiDMi and Fixtuxa Uiad for Normal Tanaion Teat 



electrodes were cooled by water maintained at 38® F 
and flowing at 6 gal./min. to each electrode. 

Testing 

In determining the optimum welding conditions for 
each steel three mechanical tests were employed, namely, 
the normal tension, shear, and normal impact tests. 
The normal tension and normal impact tests were very 
sensitive to slight changes in structure. The normal 
tension test was used for the major portion of the work 
since the specimens were simpler to prepare and the re¬ 
sults were somewhat more consistent. Since the 
plates were too thick to be bent a$ required in the U- 
test, a new test for normal tension was developed. The 
specimen for this test, as shown in Fig. 1, consists of two 
plates 2 X 6 in. welded together at the center of an over¬ 
lapping cross. A */ 4 -in. hole drilled 1 in. from the endoi 
each piece, permitted bolting the specimen in the jig 
shown. The jig is pulled in a standard tensile testing 
machine, using a self-aligning fixture. The jig was de¬ 
signed to prevent excessive Ending of the plates 
applying a tension force normal to the weld interface. 

The shear strength was measured on a specimen made 
from two 2- x 6-in. plates welded together with a 2-ni. 
overlap. In order to more thoroughly investigate the 
weld properties, the normal impact test was also used. 
For this test two 2- x 6-in. pieces were welded in the fom 
of an overlapping cross. To minimize bending of the 
specimen, reinforcing plates were attached, as ^own in 
Fig. 2. A modified Fremont impact tester, shown in 
Fig. 3, was used to test these wdds. A falling fenked 
weight was designed to apply an impact load simultane¬ 
ously to both ends of one plate of the specimen. The 
other plate was clamped rigidly in the jig. Excess energy 
was absorbed by two calibrated steel springs. The 
maximum deflection of the springs was indicate by an 
aluminum push rod. The actual deflection could then 
be measured with a steel scale or dial gage and the cor¬ 
responding residual energy obtained from a caltlxation 
curve. The height from which the 37.5-lb. ^^ght was 
dropped could be varied, providing a maximum impact 
energy of 450 ft.-lb. when dropped from a height of 12 ft 

Procedure—Selection ^ Welding Condittoni 

Weld Diameter .—Previous spot-welding experience in 
this laboratory indicated that a spot-weld diameter of at 
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Fi 9 * 3 (o)—Modmad Fremont Impact Tatting Machina Uaad for Normal 

Impact Tatt 


Fig. 3 {b) —Cloaa-up View ol Impact Tatter Snowing 
Spadman Bolted in Place 


Electrode Contour .—For the initial experiments, lO-in. 
radius dome-shaped electrodes, having contact surfaces 
restricted to ‘/g in. diameter, were used for making both 
size welds. In order to secure consistent heat treatment 
for the smaller welds, it was later found necessary to 
limit the diameter to Vs in. 

Electrode Force .—From the standpoint of welding 
equipment, sheet distortion and electrode deformation, 
the lowest possible electrode force should be selected. 
However, a sufficiently high electrode force must be 
chosen to give reasonable freedom from porosity and to 
permit the shortest possible weld time without danger of 
expulsion. The tendency toward expulsion may be 
counteracted by an increase in weld force. However, a 
raaximmn limit on electrode force is reached when sheet 
distortion or electrode deformation become excessive. 
Radiographs were taken of both diameter welds to 
determine the welding pressme which practically 
eliminated all porosity. 

Cool Time .—The cool time which was just sufficient to 
allow the weld to transform to martensite was de¬ 
termined independently for each weld size. The proper 
cool time was estimated from data on 0.040-in. material 
to be about 180 cycles. This approximation was based 


least three times the sheet thickness would be required 
to obtain satisfactory consistency. The work on harden- 
able steels indicated that a diameter of at least four 
times the sheet thickness might be required for these 
hi^er strength steels. Weld diameters of 0.40 and 0.55 
in. were therefore investi^ted for the NE 8630. 

Weld and Temper Times .—When it is planned to make 
use of a tempering cycle in connection with the spot weld¬ 
ing of hardenable steels, the shortest possible weld time 
should be selected. This will require the minimum 
energy input for welding and will therefore insure the 
shortest total time for the welding and tempering opera¬ 
tion. For the 0.40-in. diameter welds, a wdd time of 30 
cycles and a temper time of 60 cycles were selected. 
Shorter weld times than 30 cycles required such a high 
power level during welding as to result in inconsistency 
and the possibility of expulsion. Although a temper time 
equal to the weld time was fotmd satisfactory in previous 
investigations for the 0.040-in. sheet, more uniform 
tempering could be produced in the 0.125-in. material 
by making the temper time twice the weld time. For 
the larger 0.55-in. diameter welds, an increase of the weld 
and temper times to 45 and 90 cycles, respectively, was 
found preferable. 
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on the fact that cool time varies directly as the square of 
the thickness of the material. It was realized that this 
was a rough appro.'cimation owing to differences in rela¬ 
tive weld size and energy input. To determine more 
precisely the proper cool time, several values of time were 
selected and welds made with varying temper c^ent. 
In this way welds were obtained for a ntunber of different 
cool times in which the structure varied from partly 
tempered to rehardened martensite. The welds were 
sectioned and hardness surveys made parallel to the 
plate interface. Tempering across the whole weld was 
possible only if complete transformation had occurred. 
Therefore the minimum cool time could readily be de¬ 
termined from these hardness surve)rs. 

Temper Current .—Having found tihe cool time, normal 
tension specimens were made at various temper currents 
to find the optimum value of postheat current. The 
normal tension test results were supplemented t y shear 
and normal impact tests. This completed the determi¬ 
nation of optimum welding conditions. 

To determine the ability of the electrodes to make a 
large number of tempered spot welds, tip life studies were 
made for both the 0.40- and 0.55-in. diameter welds. 
Specimens were tested at intervals during these studies. 



Tig. 4—Electronic Control Equipment Ueed for Meking Tem¬ 
pered Spot Welds 


For comparison purposes, work was done both on ma¬ 
terial that had b^n grit blasted and on some that had 
been degreased but was otherwise in the as-received 
pickled condition. In determining the conditions for 
welding the SAE 4340 and NE 8715 steels, the same 
procedure was followed. 

Results emd Discussion 

NE 86S0 .—The correct cool time was selected princi¬ 
pally from examination of the hardness surveys. If in¬ 
sufficient cooling occurs, the center of the weld will not 
transform prior to tempering and consequently will not 
be affected by the tempering operation. This is true at 
180 cycles for a 0.55-in. weld as shown in Fig. 5. The 
best mechanical properties with this cool time were ob¬ 
tained with the 68% temper current. The center of the 
weld in this case is hard because it did not transform to 
martensite during the cool time and thus was not tem¬ 
pered. The edges of the weld cooled sufficiently to be¬ 
come martensitic before tempering. With the 76. 0% 
temper current the weld was almost completely re- 



Fig. 5—Har<ln«M Surveys of Welds Made with NE 8630 Steel 
U^g a 180 Cycle Cool Time, Illustrating the Effect of Incom¬ 
plete Transformation 


hardened. With a 240 cycle cool time the hardness level 
was reduced across the whole weld indicating complete 
transformation. This is illustrated in Fig. 6. Macro¬ 
graphs of these and of other welds in the same series are 
shown in Fig. 7. The nontransformed areas of the welds 
having a 180 cycle cool are visible as broad oval-shaped 
areas in the center of the weld. Thus, it is possible by 
examining a series of specimens to tell whether trans¬ 
formation is complete. The threshold of reaustenitiza¬ 
tion and consequent rehardening, resulting from too high 
a temper current, can be recognized by the cigar-shaped 
envelope present in the center of the weld. This is evi¬ 
dent in Fig. 7 (g) and 7 (A). The lifter area within the 
envelope has rehardened. 

Normal tension strengths are plotted as a function of 
the temper current in Fig. 8. The average value is given 
by the solid line through the points. The maximum and 
minimum strengths obtained at each temper current 
value are indicated by the ends of the vertical line 
drawn through each point. This curve shows results 
obtained for material that was grit blasted. It is 
apparent that the maximum improvement is obtained 
at a value of 83-85% of the weld current. Corresponding 
shear and normal impact strengths are shown in Fig. 9. 

Using 10-in. radius domes with the spherical surface 
restricted to ‘/s in. diameter, it was found impossible to 
secure consistency in the heat treatment of 0.40-in. welds, 
in spite of uniform weld size. Consistency, however, was 
obtained when the spherical surface was restricted to 
Vj in. diameter with either 6- or 10-in. radius domes. An 
electrode tip diameter closer to the diameter of the weld 



Fig. 6—HardndM Surveya of W«lda Mad* with NE 8630 Sl**i 
Unng a -240 Cycle Cool Time Showing Complete TranatonDa- 
tion 
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allowed better current distribution during the tempering 
operation. 

Tempered spot welds of 0.40 in. diameter showed a 
somewhat greater percentage improvement in mechanical 
properties than was obtained with welds of 0.55 in. 
diameter. Tip life studies were made for both the 0.40- 
and 0.55-in. diameter welds. In the case of the 0.40-in. 
welds electrodes having 6- and 10-in. radius domes were 
tried. The results are given in Table 3. The normal 
tension strength of the smaller welds dropped from 3600 
lb. when made with freshly machined tips to 1900 lb. 
after 200 welds. However, the 0.55-in. diameter welds 
maintained their strength even after 450 welds. Profile 
examination of the smaller electrodes showed that their 
contour had changed appreciably after only 200 welds, 
whereas the larger size electrodes were not materially 
distorted even ^ter 450 welds. It is possible to make 


Table 3—The ESeot of Tip Life on Normal Tenaion Strength 

Normal Tension Strength, Lb. 


Electrode 

Weld 

Dia¬ 

As-Ma¬ 

After 

After 

After 

Electrode Tip 

Force, 

meter, 

chined 

200 

350 

450 

Contour 

Lb. 

In. 

Tips 

Welds 

Welds 

Welds 

6-in. radius 

3500 

0.40 

3600 

1900 



Vi-in. diameter 
10-in. radius 

3500 

0.40 

3930 

1970 



‘A-in. diameter 
10-in. radius 

4600 

0.56 

4900 

6000 

4750 

5080 


* 'i-in. diameter 


sound welds 0.55 in. in diameter at a considerably lower 
average unit pressure over the contact surface ttum that 
required for 0.40-in. diameter welds. This is the prindpal 


160 CYCLES BETVEEH 
VELD AMD TEMPER 



. 68.0^ ten^er/weld current 



IZ.0% temper/weld current 



74.05^ temper/weld current 



70.0^ temper/weld current 




87.9^ temper/vreld current 


91.5^ temper/weld current 


240 CYCLES BETWEEK 
WELD AND TEMPER 


86.2^ temper/weld current 


84.4^ temper/weld current 


Fig. 7—Photomacrographs of Welds Made in NE 8630 Steel Using 180 and 240 Cycle Cool Times. 4 X 


1945 


SPOT WELDING HARDENABLE STEELS 


525-8 
















«o 

dc 9 
wo 
a.& 


S.OOO 


o 

«S 

X 

w 

*-2,600 

< 

i 

O 


a 




z 








0 70 80 90 

TEMPER CURRENT, % OF WELD CURRENT 

Fig. 8—Variation ol Normal Tenaion Strength with Temper 
Current for Welda Made on Grit-Blasted N£ 6S30 Steel 


reason for the better life of the larger electrodes. On the 
basis of these studies, the smaller welds were abandoned 
in favor of the larger ones. 

For comparison purposes, check runs were made on 
material in the as-received pickled condition and also on 
some that had been alundum grit blasted. Normal ten¬ 
sion strengths previously shown in Fig. 8 were for grit 
blasted material. The corresponding curve for the 
pickled surface is shown in Fig. 10. The temper current 
resulting in maximum strength is considerably lower 
than that found when using blasted material. The 
probable explanation for this difference is that faster 
heat loss to the electrodes in the case of the blasted sur¬ 
face results in a lower temperature being reached in the 
same cooling time. Consequently a higher temper cur¬ 
rent is needed to reach the same tempering temperature. 
Furthermore tests showed that transformation was com¬ 
plete in 210 cycles for the blasted material as contrasted 
with 240 cycles needed for the unblasted siu^ace. 

As a result of tempering, the shear strength is im¬ 
proved 15%, the normal tension strength tripled and the 
normal impact strength increased sixteen times. 

SAE 4340 .—Based on the work with NE 8630 steel, 



TEMPER CURRENT, % OF WELO CURRENT 

Fig. 9--Sbear and Normal Impact Strengths Corresponding to 
Normal Tension Strengths Shown in Fig. 6 

Surface of material grit-blasted 



Fig. 10—Variation of Normal Tension Strength with Temper 
Current for Welds Made on Pickled NE 8630 Steel 


Surface of material not grid-blasted 



TEMPER CURRENT, % OF WELO CURRENT 

Fig. 11—Normal Tension Strength Curve for Various Temper 
Currents. SAE 4340 



Fig. 12->-Shear and Normal Impact Strengths for SAE 4340 
Corresponding to Normal Tension Strengths Shown in Rg- H 


a weld size of 0.55 in. diameter was chosen for the S.4E 
4340 steel. This alloy was received with a thin scale 
adhering to a considerable portion of the surface. Tbe 
surface contact resistance was high and erratic, to 
extent causing inconsistency in the strength of tempo^ 
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welds. Difficulty was experienced in attempting to re¬ 
move the remaining scale by pickling. Alundum grit 
blasting was therefore adopt^ as a method of preparing 
the surface for spot welding. It was found that a cool 
time of 240 cycles allowed complete transformation. A 
temper current of 87% of the wdd current gave optimimi 
weld properties as shown in Figs. 11 and 12. Correspond¬ 
ing hardness surveys are plotted in Fig. 13. It will be 
noted that although 82% of the welding current gives the 
best appearing hardness survey, it does not give the 
greatest mechanical improvement. The survey for a 
temper current of 86.5% of the weld ciurent shows re¬ 
hardening over most of the center of the weld. However, 
the hardness level at the edges is reduced slightly below 
that for the 82% temper current. Since practically all 
the stress in a spot weld occurs at the periphery, the re¬ 
hardening of the center portion does ^ot affect ^e weld 
strength. Furthermore, the slight decrease in hardness 
in the critical region at the weld edge results in increased 



TEMPER CURRENT, % OP WELD CURRENT ■ 

Fig. 14—Normal Tension Strength as a Function of Tempering 
Current for NE 8715 



TEMPER CURRENT, % OP WELD CURRENT 

Fig. IS—Shear and Normal Impact Strengths Corresponding to 
Normal Tension Strengths Shown in Fig. 14. NE 8713 . 


toughness at this most highly stressed portion. Conse¬ 
quently for this steel the b^t tempering condition re¬ 
sults in some rehardening. It is important to note that 
the hardness level at the edges is reduced from 650^ 
VPN to less than 400 VPN. By tempering, the shear 
strength of the welds was raised to 17,100 lb. as con¬ 
trasted with 7400 lb. for the untempered condition. 
The normal tension strength was increased from 2400 lb. 
to an average of 6400 lb. and a maximum of 8500 lb. 
The normal impact strength was raised from about 20 
ft.-lb. to an average of 250 ft.-lb. 

NE 8715 .—Inconsistency was encountered when 
welding as-received or wire-brushed material so that the 
NE 8715 was also alundum grit blasted. Since the carbon 
content in the NE 8715 steel is much lower than in 
either of the other two steels investigated, the martensite 
formation temperature range is higher. Consequently 
transformation can be obtained in a shorter length of 
time. Tests showed that for a 0.55-in. diameter weld, a 
180-cycle cool time was sufficient. Maximum improve¬ 
ment in weld moperties occurred at a temper current 
equal to 86-88% of the weld current as shown in Figs. 
14 and 15. Tempering increases the normal tension 
strength from 3400 lb. to an average of 7500 lb. and a 
maximum of 10,000 lb. The shear strength was only 
increased slightly, that is from 15,500 to 16,000 lb. The 
normal impact strength was raised from an average of 
130 ft.-lb. to an average of 360 ft.-lb. Due to its rela¬ 
tively low carbon content, this steel is not exceptionally 
brittle even in the as-welded condition. Consequently 
not as much improvement can be obtained as in the 
more hardenable steels. This is especially true in the 
shear test where very high values are secured without 


0 O.X8 0.80 0.78 1.0 

DI8TAN0E ACR088 WEL0 - WICWC8 

Fig. 16—Hordnoff SurvoyB Corresponding to Points in Fig. 14 
and IS Showing the Effect of the Magnitude of Temper Current. 
NE8715 




SPOT WELDING HARDENABLE STEELS 


Digitized by 


Google 


1843 


S27-S 




I 



SAS 4340 > As welded 


3A£ 4340 - Tempered 


Fig. 17—Photomacrographs of Weld Structures Before and ^er Tempering. 4 X 


tempering. Normal tension and normal impact strengths 
being more susceptible to slight changes in ductility 
show considerable improvement. The hardness level is 
reduced from 450 VPN to about 350 VPN as shown in 
Fig. 16. 

Siunmary of Results 

The test results of all the work are siunmarized in 
Table 4. The greatest improvement is shown of course 
in the more hardenable NE 8630 and SAE 4340 steels. 
The most striking change is the great improvement in 
the impact strength for these two steels. Tempering is 
evidently of great value in improving the shock resistance 
of spot-welded structmes. For the more ductile NE 
8715, practically no improvement is obtained in shear 
strength but considerable increase results in the normal 
tension and impact values. Recommended welding 


conditions for all three steels are presented in Table •). 
Photomacrographs of the welds before and after temper¬ 
ing are shown in Fig. 17. Photomicrographs of the same 
welds are illustrated in Fig. 18. Only slight changes in 
appearance have been produced. 

The most critical of the welding variables involved 
in the production of tempered spot welds is the magnitude 
of temper current. The narrow range in which optimum 
properties are obtained shows the necessity of very close 
control. This is evident from the curves of normal ten¬ 
sion strength plotted as a function of temper current. 
See Figs. 8, 11 and 14. The maximum improvement in 
normal tension strength is so critically sensitive to 
temper current as to be impracticable of attainment in 
production. However, it may be observed that sub¬ 
stantial improvement may be obtained over a reason 
ably wide range of temper current. Referring to the 
values of normal tension strength presented in Table 4. 
the lower value is that which may readily be achieved in 


Tabu 4—Summary of Toot XUatiits for Spot Walding NE 8713, NE 8630 and SAE 4340 StoaU, 0.125 In. Thicknaaa 

«■-As-Welded-. -Temptered-- 




Normal 

Normal 


Normal 

NcvmaJ 


Shear 

Tension 

Impact 

Shear 

Tension 

Impact 


Strength 

Strength 

Strength 

Strength 

Strength 

Strength 


Per Spot, 

Per Spot, 

Per Spot, 

Per Spot, 

Per Spot, 

Per S^t, 

Grade 

Lb. 

Lb. 

Ft.-Lb. 

Lb. 

Lb.* 

Ft.-Lb 

NE 8715 

15,400-15.500 

3,250-3,550 

110-150 

15,900-16.000 

5,000-10,000 

265-45" 

NE 8630 

12.000-16.700 

2,000-2,100 

5-15 

16,000-17,000 

5,000- 7,500 

13(>-2t>i 

SAE 4340 

7.200- 7,500 

2,300-2,400 

10-30 

17.000-17,200 

4,600- 8,500 

2OO-30it 


* Minimum value readily exceeded over range of temper current. Maximum value shown is critically sensitive to temper curreoi. 
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8715 - As welded 


NE 8630 - Ten^jered 


ns 8630 - As welded 


3AE 4340 - As welded 


3AS 4340 


1000 X 
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Tabu 5—Raoemmandad Conditiona lor Spot Walding NE 
8715, NE 8630 and SAE 4340 StaaU, 0.125 In. Thicknaaa 


Electrode shape 

XE 8715 

NE 8630 

SAE 4340 

Dome radius, in. 

10 

10 

10 

Limiting diam.. in. 

*/. 

‘/s 

V, 

Conical approach, deg. 

30 

30 

.30 

Electrode force, lb. 

4.500 

4,500 

5,500 

Weld time, cycles 

45 

46 

45 

Weld current, amp. 

Time between weld and 

22,700 

21.800 

21,8(K) 

temper, cycles 

180 

240 

240 

Time of temper, cycles 
Temper current, % of weld 

90 

90 

90 

current 

82-88 

82-86 

84-88 

Spot diam., in. 

0.55 

0.55 

0.55 


production since it will be exceeded over a considerable 
range of temper current. The higher value is critically 
sensitive to temper current, as may be seen from the 
above-mentioned curves. The range of recommended 
temper current given in Table 5 is that over which the 
lower value of normal tension strength shown in Table 4 
will be exceeded. Lengthening the time of the tempering 
operation does not lessen its criticalness. 

The alloy steels which are the subject of this report are 
more resistant to tempering than plain carbon steels. 
The roaximtun improvement in mechanical properties 
occurs at the highest possible temperature bdow that 
which produces reaustenitization and consequent re¬ 
hardening. Since the normal tension strength of a weld' 
is principally detennined by the toughness of the metal 
at the outer edge of the weld, this region must have 
the best possible tdnpering. Since the center of the weld 
tends to be heated to a slightly higher temperature than 
the periphery, the center tends to be rehardened when 
the edge of &e weld has been given the optimiun tem¬ 
pering treatment. The darkened area in the center of 
Fig. 17d is evidence that this region has been raised to the 
th^hold of reaustenitization. A slight trace of this 
effect is evident in the other tempered specimens of Fig. 17. 

The shear strength of tempered spot welds, i^ike 
the normal tension strength, is not very sensitive to 
changes in temper current. The considerable improve¬ 
ment in shear strength, fotmd in the case of the more 
hardenable of these alloy steels, is obtained over a very 



M, TEMPERATURE — ‘F 

Fig. 19—Curve Showing Relationship Between the Minimum 
Cooling Time Between Weld and Temper and the Martensite 
Formation Temperature of the Steel 


broad range of temper current. For this thickness of 
material the normal impact strength appears to be some¬ 
what less critical than the normal tension strength to 
changes in temper current. 

The temperature of the start of martensite formation, 
M., was calculated from the formula developed by 
Pa 3 rson and Savage,* for the steels used in this investiga¬ 
tion. These temperatures were plotted against the 
minimum cooling time between weld and temper as 
shown in Fig. 19. This report recommends a minimum 
cooling time of 240 cycles for the NE 8630. This was 
found necessary for an unblasted surface and was also 
used for determining the recommended conditions for 
grit-blasted stock. However, it was later found that 
a 210 cycle cool time was sufficient for grit blasted NE 
8630. This figure is more in harmony with the values 
recommended for NE 8715 and SAE 4340, and was used 
in plotting the curve of Fig. 19. Minimum cool times 
for steels in the 0.040-in. thickness as determined in 
previous reports *•* were also plotted. With the log 
scale used for plotting cool time, all points for each thick¬ 
ness fall on a straight line. This linear relationship is 
very important, since it permits finding the cool time for 
any other steel of the same thickness merely by calculat¬ 
ing its M, temperature and then referring to the curve. 
This cool time will be correct for a weld of the same 
diameter made in the same length of time. 


Conclusions 

1. Tempering in the welding machine is very ad¬ 
vantageous in improving the mechanical properties of 
spot welds. 

2. For NE 8715 the normal tension strength can be 
more than doubled and the normal impact strength 
almost tripled. 

3. In the Steel NE 8630 the shear strength may be 
improved by 15%, the normal tension strength tripled 
and the normal impact strength increased 16 times. 

4. In the steel SAE 4340 the shear strength can be 
more than doubled, the normal tension strength almost 
tripled and the normal impact strength increased 12 
times. 

5. The minimum cool time after welding and before 
tempering increases with the hardenability of the steel. 
A definite relationship between chemical compositioD 
and minimum cool time has been found. 

6. A great many more properly tempered sound wekis 
of 0.55 in. diameter can be pr^uced without attention to 
the electrodes, than can be made with the smaller 0.40- 
in. size. 

7. It is difficult to temper welds consistently if the 
electrode tip diameter is very much larger than the ireld 
diameter. 

8. A clean scale-free surface is necessary for the con¬ 
sistent heat treatment of spot welds. 
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Instrumentation of the Spot Welder and 
Investigation of the Spot Welding of 
0.09I-In,-0.09I-In. 24S-T Alclad Sheet* 


By R. C. McMaster^ and N. A. Begovich* 


Abstraot 

This report presents preliminary results of a study of the spot 
welding of wire-brushed 0.091-in. 24S-T Alclad aluminum alloy 
sheet. Results are typical of those obtained for 0.080 to 0.125-in. 
sheets. A description is given of a toroid-integrator system used 
to measure welder secondary current without the loss in energy 
inherent in a manganin shunt system. A technique is presented for 
producing sound welds of 2900-lb. shear strength in 0.001-in. ma¬ 
terial. S^ndary currents of the order of 80 kiloamp. were used 
to produce weld nuggets with a diameter equal to approximately 
four times the sheet thickness. Large tip radii (9 in^ to 18 in.) 
were found advantageous. Weld tip force near 3000 lb. and forge 
tip force above 6500 lb. improved the strength consistency and 
widened the range of conditions under which sound acceptable 
welds were produced. Single spot tension strengths were near 
800 lb. A reasonable numt^ of welds between tip cleanings was 
found to be from 15 to 30. Tip sticking proved to be a problem 
with the high secondary currents and welder tip forces. 


Introduction 

T his report presents preliminary results of a study 
of the spot welding of aluminum alloy sheets in 
gages heavier than those commonly spot welded in 
industry. The purposes of this investigation are: (1) 

* ReMarcb licTOrt, Office of Production, Resenrch and Development of the 
War Production Boa^, WPB Contract 161, Report No. 1, Peb. 1, 1945. 

t Dr. McMaater, formerly miperviaor of aircralt welding and X-ray research 
projects at the California Institute of Technology, is now research engineer 
with Battelie Memorial Institute of Columbus, Ohio. Mr. Begovich is in¬ 
structor in electrical engineering and electronics engineer at California In¬ 
stitute of Technology. 



Fig. 1—Federal Welder and Westinghouse Control Used in 
Thig Research 


Rated 60 Kva., 7500 >if, 3000 volts d.c., 9000-lb. maximum tip 
force. 



Fig. 2—Electrode Holder with Manganin Alloy Current Shunt 


Introduction of the resistance shunt lowered secondary current 
by as much as 16%, as shown in Fig. 3. 

To establish the welding machine properties and kilo¬ 
volt ampere capacities required, (2) To develop tech¬ 
niques of welding, and (3) To determine the physical 
properties of the welds and welded joints, in these heavier 
gages. 

Included in this report is a description qf the equip¬ 
ment and instrumentation developed for this research, 
and a summary of results of tests of spot welding 0.091- 
in. 24S-T Alclad aluminum alloy sheets. Results ob¬ 
tained with the 0.091-in. gage are typical of those ob¬ 
tained through the range of thicknesses from 0.081 in. 
to 0.125 in., for which detailed test results will be pre¬ 
sented in a later report. 

Experimental Work 

A. Welding Equipment and Instrumentation 

The Laboratory Spot Wdder .—This research has been 
carried out on a 60-kva., 7500-/:^., 3000-v., d.-c., press 
type, condenser discharge, aluminum spot welder pro¬ 
vided for this research t^DUgh the courtesy of The Fed- 
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Fig. 3—Welder Current OscUlograms 

Peak current was reduced from 90 kiloamp. wlttiout die shunt to 
75 kiloamp. when the shunt was Introdu<^, although primary 
transformer voltage was unchanged. 


eral Machine and Welder Co. This machine is equipped 
with Westinghouse Electric and Manufacturing Co. Type 
CD-3 Condenser Control Discharge Panel and electronic 
forge timer. Welder and control are shown in Fig. 1 of 
this report. 

The welder was equipped originally with a cylinder 
capable of producing a maximum force of 5400 lb. on the 
electrodes. Preliminary welding experience indicated 
that additional forge force was desirable in the welding 
of thicker aluminum alloy sheets. Therefore a larger 
cylinder, capable of exerting 9000 lb. force on the elec¬ 
trodes, was furnished by the Federal Welder and Ma¬ 
chine Co. The original capacitance bank of 5520 ^f- 
was also increased to 7560 fd. by the addition of capaci¬ 
tors supplied by the Westinghouse Electric and Manu¬ 
facturing Co. 

Measurement of Welding Current .—Early in the re¬ 
search a manganin alloy shunt of the type widely recom¬ 
mended in welding literature* was placed in the dectrode 
holder to measure the magnitude and wave shape of the 
welding current. This shunt is shown in Fig. 2. The 
voltage drop across the shunt was applied directly to one 
element of a six-dement General Electric PM-lOA re¬ 
cording oscillograph. Analysis demonstrated, however, 
that calibrations dther by direct currents or by single 
frequency alternating currents were in error, f^ng to 
account for the actual distribution of the pulse welding 
current. In the spot wdding of thick sheets requiring 
nearly all the available energy storage capacity of the 
spot wdder, the effect of the manganin shunt in reduc- 

* See list of rcferenctt at the ead of the report. 


ing the secondary wdding current was far more serious 
than the error in calibration. For example, certain set¬ 
tings of voltage and capacitance produced oversize spot- 
weld nuggets in 0.091-in. 24S-T Aldad sheet when the 
regular electrode holders were used. The same settings 
produced only “stuck” welds, with no nuggets whatso¬ 
ever, when the shunt was inserted in the secondary cir¬ 
cuit of the spot wdder. Because the shimt reduced the 
energy ddivered by the spot wdder, as shown in Fig. 3, 
other methods of current measurement were devdoped. 

A test was made of the usefulness of a shunt in the pri¬ 
mary circuit of the welding transformer. It produced a 
voltage adequate for operation of the oscillograph de¬ 
ment, but, introduced an error with high energy dis¬ 
charges when the magnetizing current of the wdding 
tranrformer became large. Another test showed that 
the use of a section of the copper alloy dectrode holder 
as a secondary current shunt also had disadvantages. 
The low resistance per unit length of the copper alloy 
dectrode holder devdoped voltage drops too low to 
actuate the available os^ograph elements except whea 
very long paths were induded between the terminals of 




Fig. 4—Toroid Pickup Assembly Which Slips Over Wsldst 
Electrode Holder in Secondary Current Measurement 

Cover removed in lower right-hand photograph to show cbo& 
coils arranged as toroid. 
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All coils are connected in series. The end connection returns 
through the center of the coils to cancel fte loop Inductive effect 
of ttie toroid. The grounded center tap is connected between the 
sixth and seventh coils, roltts to encircle die welder dectrode, and 
is ccnneoted to the sheath of the cable to the amplifier. 


the shunt. Spacing the ends of the pickup leads at 
widely separated points on the electrode holders intro¬ 
duced the possibility of inductive pickup in the measur¬ 
ing circuit. Calibration was difficidt because the current 
distribution in the electrode holders could not be made 
the same during calibration with steady currents as dur¬ 
ing measurement of the transient welding currents. 

A toroid pickup coil and a simple integrating circuit were 


then designed to measure the welder secondary currents 
accurately without affecting the performance of the spot 
welder and without the necessity of changing electrode 
holders. 

The toroid pickup is shown in Fig. 4. It consists of 
small cylindrical radio frequency choke coils, commer¬ 
cially available at low cost, grouped in the form of a 
toroid in a bakelite case, which supports and protects 
the coils. Each coil has 3140 turns, and is approximately 
1 in. in diameter and •/« high. Twelve coils are 
connected in series. One of the toroid connections re¬ 
turns through the center of the coils so that the inductive 
effect of the toroid as a loop is cancelled. (See Fig. 5.) 
The toroid may be slipped over the electrode of any spot 
welder almost instantly, without removal of electrode 
holders, and with no effect upon the performance of the 
welder. The only voltage induced in the toroid is that 
produced by current flowing through the welder elec¬ 
trode along the axis of the toroid, i.e., current flow which 
is encircled by the toroid. 

The integrating circuit of the toroid consists of two 
resistors connect^ to the ends of the toroid winding, and 
two S-nf. capacitors connected as shown in Fig. 6.t The 
output voltage of the integ^rating circuit is applied to the 
toroid amplifier, whose circuit is also shown in Fig. 6. 
For this application, a current amplifier feeds the os¬ 
cillograph elements. A reversing switch causes alternate 
polarities of welding ciurent to produce deflections in 
the same direction on the oscillograph. 

Simultaneous measurements of welder current were 
made with the secondary current shunt and with the 
toroid unit. The results are identical, as shown in the 
oscillogram of Fig. 7. With .the toroid, the scale of the 
oscillograph deflections can be adjusted as desired, with 
no reduction in welder energy delivered to the weld. 
The simplicity and advantages of the toroid led to its 
use throughout the remainder of the research. 

Measurement of Welder Tip Force .—Welder tip force 
magnitude and timing are measured and record^ by a 
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strain gage bridge mounted in the electrode holder, in 
connection with a suitable oscillator, amplifier, demodu¬ 
lator, ciurent amplifier and oscillograph. This method 
is the conventional force instrumentation presented in 
welding literature, t modified to produce a single line 
trace of the force cycle on the film. The specially woimd 
noninductive strain gages were provided through the 
courtesy of Mr. Fred Bowden of the Lockheed Aircraft 
Corp. The strain gage bridge installed on the electrode 
holder is shown in Fig. 8. The associated electronic 
equipment is shown in Fig. 9, and the circuit diagram in 
Fig. 10. This method of tip force measurement has 
been found to be adequate for the purposes of this re¬ 
search. 

B. The Technique of Spot Welding OWl-In.-OWl-In. 

24S-T Aldad Aluminum Alloy 

Procedure. —Exploratory welding was carried out to 
determine approximately the tip forces and energy set¬ 
tings requir^ to obtain suitable spot welds in each gage 
from 0.081-in. through 0.156-in, thickness with wire- 
brushed material. During this period, tip radius and 
diameter, transformer turns ratio, capacitance, voltage, 
weld force, forge force and forge delay time were varied 
to obtain reasonable welding conditions. Radiography, 
quick sectioning and static shear tests of single spot 
coupons were used to evaluate weld quality. The ap¬ 
proximate optimum adjustment of each variable was 
determined with the other variables fixed at assumed 
optimum conditions. After varying the chosen variable 
throughout the range of acceptable welds and carefully 
inspecting the welds, the nuddle of the range of perfect 
welds was selected as the optimum adjustment for that 
particular variable. Acceptable welds were expected to 
have a diameter of 3 to 4.5 times the sheet thickness, 40 

t The method of calibratioD and the theory of operation of the toroid and 
integrator will be presented in a later report. 

I See list of references at the end of the report. 


Power supply 



Amplifier 

Fig. 6 (h)—Equipmant Usad with the Toroid to Maaaure Waldar 
Sacondary Currant 



The wave shapes are identical throughout the significant reqicc 
when the weld is being formed. 


to 75% penetration, shear strength above available 
recommendations, symmetric shape and position with 
respect to the faying plane, and to be free from defect' 
such as cracking, porosity, extrusion or expulsion of the 
nugget. 

When the approximate optimum settings and range 
of the variables had been determined by the exploratory 
welding, the following tests were carried out in sequence 

1. TTie optimum peak secondary tvelding current re¬ 
quired to produce the desired nugget diameter was es¬ 
tablished by making a series of spot welds with one o: 
two reasonable current wave shapes, by varying the 
condenser voltage to coverthe range from "stuck” wdds 
to oversize welds with severe spitting. Other welding 
conditions were fixed at the assumed optimum values 
Oscillograms were made at each setting. Radiographi 
were made of the welds, and the weld properties wm 
noted. The welds were either sectioned or pulled ic 
static shear or in static tension. Penetration and 
strength were recorded. Curves relating nugget diameter 
and static strengths to maximum secondary welding 
current were plotted. 

2. The optimum wave shape of weldor secondary cur¬ 
rent was determined by varying the welder transfonner 
turns ratio and capacitance through the reasonabit 
range, and by comparing resultant weld properties with 
oscillograms of the welder current. The smallest turns 
ratio permitting spot welds to be made without expulsion 
throughout a wide range of energies was selected as 
optimum, since the selected peak current could be ob¬ 
tained with less stored energy with the steeper wa« 
fronts corresponding to smaller turns ratios. 

3. The optimum tip force during welding was deter¬ 
mined by varying the weld force through a reasonable 
range with previously selected optimum peak current 
and current wave shape. Oscillographic measuremeats 
of weld force were compared with spot-weld sections to 
determine the force required to obtain approximately 
50% nugget penetration at the desired nugget diameter. 
A series of welds was made with varying energies at 
several weld forces to determine the range of enei^es 
in which welds could be made without expulsion, porosity 
or cracking. The weld force which gave optimus 
strength consistency and permitted the widest range 
weld sizes without these d^ects was selected as optimurn 

4. The optimum tip force during forging and 
optimum forge force delay time were determined by mat 
ing a series of welds of five sizes with each of four forge 
pressures in the reasonable range. The forge force tiw 
delay was varied through the available range for eaci 
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* Maximum tip force of 5400 Ib., maximum 
capacitance 5520 id. 


Jig. 9—Electronic Equipment XJied with the Strain Gage Bridge 


SPOT WQiDINO AIiCLAD SHEET 


fig. 8—Strain Gage Bridge AHemhly Mounted on Electrode Holder 


by adjusting the piston with the 
minimum possible clearance from the 
bottom of the cylinder for each gage 
welded and by reducing the amount 
of air stored in the pipes connected 
to the bottom chamber’ of the 
cylinder. 

This preliminary investigation re¬ 
vealed also that, with the thicker 
gages, the maximum available forge 
force of 5400 Ib. was inadequate to 
produce sound spot welds when high 
welding energies were used. To 
obtain crack-free spot welds, tests 
were made at lower energy settings 
and with electrodes of various tip 
radii. The lower energy settings 
produced spot welds which were 
sound and perfect, but of diameter too small for the 
sheet thickness. Tips with 4-in. radius applied suf¬ 
ficient pressiu-e at 5(XX)-Ib. forge force to produce sound 
welds of small and medium diameter, but expulsion 
(“spit”), porosity and cracking resulted when the energy 
was increased sufficiently to produce weld nuggets with 
diameters three times ^be sheet thickness. These de¬ 
fects probably occurred with the larger weld nuggets 
because the area of contact of the 4-in. radius tip with 
the sheet surface was very little larger than the weld 
nugget. This permitted expulsion because no “hold- 


(«) Balancing network 

(b) Oscillator 

(c) Demodulator 

(d) Amplifier 

(e) Power supply 


(d) 


combination of weld size and forge force. Weld nugget 
size and the presence of cracking, porosity and other de¬ 
fects were plotted against forge force time delay. The 
region of crack-free welds of acceptable size was deter¬ 
mined from these graphs. The optimum forge force 
time delay was selected as the mid-point of the accept¬ 
able weld range at the given forge force. The forge force 
which gave the widest range of acceptable welds without 
causing excessive sheet indentation or other defects was 
select^ as optimum. 

5. The validity of the optimum machine settings was 
then checked by strength consist- 
erfcy runs of 25 or more consecu¬ 
tive welds made tmder identical 
conditions. These specimens were 
subjected to radiography and to 
static shear pull tests or static 
tension tests. The coefficient of 
variation of nugget diameter 
and of shear strength was de¬ 
termined. If defects were re¬ 
vealed by radiography, the type 
and degree were noted. 

6. The tension strength and 
the ratio of tension to shear 
strengths of the spot weld were 
checked by pulling a series of 
specimens in tension with the 
^ttme shown in Fig. 11. 

Test Data and Discussion of 
Results: (a) Results of Explora¬ 
tory Welding. —Preliminary in¬ 
vestigation of the technique of 
spot welding Alclad 24S-T alumi¬ 
num alloy in thicknesses from 
0.081 in. through 0.156 in. was 
carried out on the original form 
of welder and control* before 
the instrumentation of the spot 
welder was complete. When in¬ 
strumentation was completed, 
the oscillograms revealed that the 
welder forge force was rising much 
too slowly and that, to obtain 
soimd welds, the forge force time 
delay had been shortened ex¬ 
cessively in compensation. As a 
result, the welds, being formed 
during the period of rising force, 
were inconsistent. The oscillo¬ 
gram of Fig. 12 illustrates this 
condition. Correction was made 
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Fig. 10—Circuit Diagram of Strain Gage Bridge, Balancing Network, Amplifier and Demodulator 
The tip force is represented by a single line trace on the oscillogram. 


down” ring of pressure existed around the periphery of 
the weld nugget. 

With tips of 9-m., 12-in. and 18-in. radius, it was 
found possible to obtain larger spot-weld nuggets through 
the use of higher energies, without expulsion during 
welding. The sheet separation decreased rapidly as 
electrode radius was increased in this range. Tip force 
during welding had to be increased with the larger radius 
tips to obtain optimum performance. The range of 


conditions under which full-size spot welds could be 
obtained was greatly widened with the larger radius tip? 
and increased weld force. To make possible the pro¬ 
duction of sound welds of adequate size, the cylinder« 
the welder was replaced with a larger unit capable d 
exerting 9000 lb. tip force. The head and lower arm d 
the welder were yoked together to prevent excessive de 
flection and tip skid under these loads. Holders for I-in 
diameter tips were provided. An auxiliary air com- 



(b) Fixture for pulling spotweld in static tension (c) Fixture in place in testio? 

machine 


(a) Cross strip tension coupon 

Fig. 11—Fixture for Pulling Spot Welds in Tension 
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UAX. FORGE PRZSSORS 
6073 psi. 


OSCILLOGRAH HO. 82 


%EU} PRESSORS 
1964 PSI. 



PRESSURE AT CURRENT MAX. 
2655 PSI. 

.SSC. nLO>AHPS 44.99 
TIHB TO CURRENT MAX. 


UACmNE CONSTANTS 
3000 MPDS. 2200 VOLTS 
TURN RATIO 525>1 
FORGE TIME DELAY 50-LCriT 



23.92 ULLISSCS. 
TUK TO 10 % of CURRENT MAX. 108.4 

IdLLISSCS. 


Fig. 12—Oscillogram Showing the Slow Rate of Rise of Forge Force Under the Preliminary Welding Condi¬ 
tions 

When this condition was revealed by instrumentatipn, corrections were made, and improved consistency in 
operation was obtained. 


pressor was installed to provide adequate air pressure at 
all times. The remainder of this report summarizes the 
results of tests made under these conditions in 0.091-in. 
' 24S-T Alclad aluminum alloy sheets. These results are 
typical of the thickness range from 0.081 in. to 0.125 in. 

The approximate optimum welder settings for 0.091- 
in. 24S-T Alclad aluminum alloy wire-brushed sheets 
«were found in the exploratory welding to be: 

Tip radius = 9 in. or larger 
‘ Tip diameter = */« o*" larger. 

Tip force during welding = 3000 lb. (not critical). 

Tip force during forging = above 6000 lb. 

Maximum average rate of current rise without exces¬ 
sive expulsion = 3.5 kiloamp./millisec. 

For 28-42 current wave shape: 

Turns ratio = 400:1. 

Capacitance ~ 4080 fJ. 

Voltage = 2200-2700 v., variable depending upon the 
nugget diameter desired. 

Peak secondary current = 80,000 to 85,000 amp., 
variable depending upon the nugget diameter de¬ 
sired. 

Time delay from start of current rise until start of 
forge force rise = 78 millisec. 

For 38-70 current wave shape: 

Turns ratio = 525:1. 

Capacitance = 5520 td. 

Voltage = 2200-2700 v., variable depending upon the 
nugget diameter desired. 

Peak secondary current = 65,000 to 75,000 amp., 
variable, depending upon the nugget diameter de¬ 
sired. 

I Time delay from start of current rise until start of 
I forge force rise = 134 millisec. 

I (5) Effect of Welding Variables Upon Secondary Cur¬ 
rent .—^The effect upon welder current of varying the 
condenser voltage, with all other conditions fix^ at the 
values listed above, was foimd to be a variation in the 
value of the peak secondary current. No significant 
change occurr^ in the current wave shape or the time 
from start of current rise until peak ciurent was ob¬ 
tained. Figure 13, traced from oscillograms of secondary 
current at successively higher voltage settings, is typic^ 
• of this condition. The average rate of rise of secondary 
current, defined as the ratio of peak secondary current 


to time from zero to peak current, is directly fMOpor- 
tional to the peak current in this case. 

The effect upon welder current of increasing the capaci¬ 
tance, while maintaining other conditions fixed as listed 
above, is shown in Fig. 14. Both peak current and the 
time from zero to peak cturent changed in such a way as 
to keep the average rate of current rise approximately 
constant. Both tended to increase the duration of the 
wave. Here, again, the rate of current rise was not a 
significant variable. 

Increasing the welder turns ratio lengthened the cur- 



28-42 Current wave shape does not change significantly. 



Fig. 13 (h)—Variation of Peak Secondary Current with Increat* 
ing Condenser Voltage. 5530 liL 525:1 Toma Ratio 

38-70 Current wav© is longer ftian the 28-42 wave of Fig. 13 (a), 
but again does not change significantly with voltage. 
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ng. 14 (a)—Variation of Peak Secondary Current and Wave 
SMpe with Increasing C^^citance. 400:1 Turns Ratio. 


Wave lengthens and peak rises with increase in capacitance. 
Average rate of current rise changes very slowly. 



Higher turns ratio produces longer current wave than lower 
turns ratio above. Peak current and average rate of rise of current 
change very little. 


rent wave and rapidly decreased the average rate of 
current rise, as shown in Fig. 15. Additional stored 
energy was required to maintain the same magnitude of 
peak current with the longer current waves. The time 
from zero to peak current increased with increasing turns 
ratio. At any fixed capacitance and given turns ratio 
wave shape did not vary with voltage, as shown in Fig. 
14 (b). The rate of current rise was significantly re¬ 
lated to the transformer turns ratio, but did not give new 
information in the case of changes in voltage or capaci¬ 
tance at a fixed turns ratio. 

The significant variables in the secondary welding cur¬ 
rent are illustrated in Fig. 16 and defined in this report 
as: 

1. The peak current, I„, in kiloamperes. 

2. The time interval, T\, from start of current rise 

until peak current is obtained, in milliseconds. 

3. The time interval, Tt, from the instant of peak 

current until the instant at which the current 
has decayed to half of its peak value, also meas¬ 
ured in milliseconds. 

The wave shape is designated, in so far as its effects 
upon spot welding are concerned, by the values of T\ 
and Tt. The portion of the current wave occurring 
after the end of the interval Tj contributes no apparent 
effect upon the spot weld, which is ordinarily completely 
formed by the end of Tt. The current wave will be de¬ 
scribed in the remainder of this report as “a T\-Ti wave 
of Ip kiloamp. peak amplitude,” where the appropriate 
numerical values are substituted for T\, Ti and Ip. 


Figure 17 presents the values of Ti and Ti obtained with! 
the turns ratio and capacitance settings available on the | 
laboratory spot welder. Figure 18 shows the relation | 
between I, and the voltage settings of the welder for j 
typical wave shapes found useful in welding 0.091-in. j 
aluminum alloy. For any wave shape, the average rate 
of current rise is obtained directly from the ratio of /. to 
Ti. 

The data presented in Figs. 14 through 18 were all ob- i 
tained with two-layer single-weld coupons of wire-; 
brushed 0.091-in. 24^T Alclad aluminum alloy. The tip 
force during welding was 3000 lb. 

The secondary current would be slightly decreased 
under the given conditions by any of the following 
changes: 



Wave lengthens and peak current is lovfered with increase is 
turns ratio. 



Fig. 15 {b )—Variation of Peak Secondary Cunnxt and Wave 
Shape with Increasing Transformer Toms Ratio. 3960 ^ 
2000 V. 


Added capacitance raises peak and lengthens wave in cent- 
parison with corresponding wave of Fig. 15 (a). 



Fig. 15 (c)—Variation of Peak Secondary Current and Wavs 
Shape with Increasing Transformer Turns Ratio. 6000 bL 
2000 V. 
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Fig. 16—Illustration of the Significant Variables in tiie Welder 
Secondary Current Wave 

The wave is described by 1,. the peak current in kiloamperes, Ti, 
the time in milliseconds fnm zero to peak current, and Ti, the time 
in milliseconds from peak current to half amplitude. The average 
rate of current rise is Ip/h. 


{a) Increasing the thickness, the number of layers or 
the specific resistivity of the material being 
welded. 

(b) Increasing the surface resistance of the material 

being welded, as by substituting chemical 
cleaning in place of wire brushing, or permit¬ 
ting oxide to form’before welding, t 

(c) Increasing the resistance of the tips or tip hold¬ 

ers, as by lengthening them for offset welding, 
introducing current shimts into the tip holders, 
or changing to higher resistivity electrode ma¬ 
terial. 

(d) Decreasing the tip force during welding, which 

effectivdy increases the initial interface re¬ 
sistance. 

With the large values of capacitance used imder some' 
of the conditions listed, the welder circuit passed the 
point of critical damping, and the current b^ame non- 
oscillatory. The primary voltage of the transformer did 
not reverse to a ^4lue sufficient to fire the shunt ignitron 
tube of the primary welder circuit. This condition did 
not critically affect the operation of the welder or the 
quality of ^e resultant spot welds. However, it did 


t This report ineltides only results of tests on wire-brushed material. This 
method of preparation was found to be simplest and most consistent for labora¬ 
tory tests of welder performance. A few tests conducted with chemically 
cleaned material indicated that some change in optimum welding conditions 
would be required because of the higher sheet surface resistance. 



Fig. 17 (a)—Relation of Ti (Time in Milliseconds from Zero to 
Puk Se<x>ndary Current) to Welder Capacitance and Trans¬ 
former Turns Ratio Setttogs 



7ransformr turns ratio 

Fig. 17 (b)—Relation of Ti (Time in Milliseconds from Peak 
Current to Half Amplitude Current) to Welder Capacitance 
and Transformer Turns Ratio 


cause a change in the shape of the tail of the current 
wave. 

(c) Effeci of Welding Variables Upon Weld Ni^et 
Size and Shape .—The weld nugget size and shape were 
found to depend upon the following variables: peak 
secondary current and current wave shape (determined 
by voltage, capacitance, and turns ratio settings of the 
welder), tip force during welding, tip radius and sheet 
surface preparation. 

The effect of increasing the peak current is illustrated 
for each of two typical wave shapes in Fig. 19. The 
corresponding radiographs, cross-section macrographs 
and oscillograms are shown for typical welds. It is to be 
noted that in all the oscillograms the tip force has a slight 
peak after the initiation of the welding current. This 
was produced by inductive pickup in the strain gage 
bridge and coimecting leads by the secondary welding 
loop. The slight dip in the weld force during the flow of 
welding current was produced by repulsion between the 
lower stationary weld arm and Ae upper movable weld 
arm. The range of currents extends from those low cur¬ 
rents which fail to form a nugget to currents so large 



3000 weld force 4080 /if 5520 /if 

7500 forge force 400:1 turns ratio 525:1 turns ratio 

18 in. tip radius 72 forge force delay 126 forge force delay 

Fig. 18—Relation Between Peak Secondary Current Ip and 
Voltage Settings of the Welder, for Typu^ Current Wave 
Shapes 
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Fig. 19 (a)—Summary o! Effects of Variations in the Magnitude 
of the Peak Welding Current: 28-42 Wave Shape 


diameters four times the sheet thickness are formed by 
only 72 kiloamp. and oversize welds are produced by cur¬ 
rents larger than 78 kiloamp. The nugget diameter is 
plotted against peak kiloamperes for each of these two 
wave shapes in Fig. 20. The nugget penetration is plot¬ 
ted against peak kiloamperes in Fig. 21. It can be sea 
from the radiographs of Fig. 19 that the spot welds are 
sound and free from defects throughout the entire range 
of nugget sizes from 2.8 to 4.9 times the sheet thickness, 
under these conditions of welding. 

The effect of variation in the tip force during weldini 
is illustrated by the corresponding radiographs, se^ 
tion macrographs and oscillograms of Fig. 22. The re¬ 
lation of nugget diameter to tip force during welding is 
shown for each of two current wave shapes in Fig. 23. 
The relation of nugget penetration to tip force durii^ 
welding is shown in Fig. 24. From these curves it is 




The following conditions and welder settings were held constant 
during this run. These apply also to Figs. 19 (6), 19 (c), 19 (d). 
19(e) and 19(0. 

Material: 24S-T Alclad. Gage: 0.091 In.-0.091 In. Preparation: 
wire-brushed. Turns ratio: 4(X):1. Capacitance: 4080^1. Wold 
force: 3000 lb. Forge force: 7500 lb. Forge delay: 72 msec. 
Tip radius: 18 in. 

Variable ^ta: Volts, 1800; L 59; Ip/Ti, 2.1; Weld force, 3(XX); 
Forge force, 7200; Forge force cfolay, 77; Shear strength, 1337 lb.; 
Tension strength, 142 lb. 

that oversize nuggets with excessive penetration are 
formed. With a 28-42 current wave, a peak current of 
66 kiloamp. is required to break the Aldad layer at the 
interface, 81 kiloamp. to produce a nugget with a diam¬ 
eter equd to four times the sheet thickness. Currents 
above 85 kiloamp. produce oversize weld nuggets with 
excessive penetration. However, with the longer 38-70 
wave, larger nuggets are formed at any given value of 
peak kiloamperes because of the longer duration of the 
high current value. The Alclad layer at the interface is 
broken with only 59-kiloamp. peak current, nuggets with 


Section (5 X) 



Fig. 19 (b)—Summary of Effects of Variations in the Magnita^ 
of the Peak Wsdding Current: 28-42 Wave Shapa 

See also Figs. 19 (a), 19 (c), 19 (d), 19 (e) and 19 (/)- 
Variable data: Volte, 20Cib; Ip. W; K/fi. 2.4; Weld force, 
Forge force, 7250; Forge force delay, 74; Shear strengtii, 20i. - 
Tension strength. 171 lb. 
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Fig. 19 {I )—Summary o! Eifecta oi Variatioiu in the Magnitude 
of the Peak Welding Current; 39-70 Wave Shape 

See also Figs. 19 ( 9 ). 19 (h). 19 {,), 19 (/) and 19 (t). 

Variable data: Volts, 2800; Ip. ffi.5; Ip/h, 2.04; Weld force, 
3000; Forge force, 7150; Forge force delay, 131; Shear strength, 
3750 1b. 

evident that variations in the range from 2200 to 3400 
lb. tip force during welding change weld nugget diameter 
almost negligibly. Nugget penetration decreases slowly 
as the tip force during welding is increased in this ran^, 
but remains within the acceptable limits of 70 to 45%. 
With higher energy welds, however, it was found that 
expulsion tended to occur more frequently with the 
lower tip forces, while higher tip forces eliminated the 
expulsion and widened the range of variation in other 
welding variables which could be tolerated without pro¬ 
ducing defective spot welds. A welding tip force of 3000 
lb. was found to be reasonably optimum under the listed 
welding conditions. 

Tip radii smaller than 4 in. were found to be unsuitable 
for the welding of 0.091-in. 24S-T Alclad aluminum al¬ 
loy. With these small tip radii it was impossible to ob¬ 
tain nuggets with diameters as large as three times the 
sheet thickness without severe expulsion. With 4-in. 
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4-In. tip radius 6-In. tip radius 9-In. tip radius 

Fig. 25 (a)—Effect of Clianging Tip Radius fiom 4 In. to 18 In. with Other Welding Conditions Fixed, Shown 

by Radiographs 

Expulsion consistently present with 4*in. radius tips is eliminated by tip radius above 9 in. * 
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12-In. tip radius IS-In. tip radius 

Fig. 25 (B)—Effect of Changing Tip Radius from 4 In. to 18 In. vnth Other Welding 
Conditions Fixed, Shown by Radiographs 


Expulsion consistently present with 4 in. radius tips is eliminated by tip radius 
above 9 in. 


times the sheet thickness. The radi -- 
graphs and section macrographs of Fig. 'l'> 
show these results with typical welds 
made with all welding conditions fi.\ed 
except tip radius. 

The effect upon nugget diameter d 
changes in tip radius was negligible with 
tips of 6 in. and larger radius, while 4-in. 
radius tips definitely reduced the nug^t 
diameter because of expulsion. (See Fig. 
26.) 

Nugget penetration varied within 
* 10% of a typical value of 65%, as tip 
radius was varied from 4 to 18 in., a- 
shown in Fig. 27. 

(d) Effect of Welding Variables Upc'T. 
the Static Shear and Tension Strengths p; 
the Spot Welds. —The loads required fic 
static shear and tension failure of the 
spot welds were found to depend upon the 
following variables: peak secondai)' cu: 
rent and wave shape, tip force durin.- 
welding, tip radius and sheet surfact 
preparation. 

The effect upon static shear and tension 
strengths of the welds produced by in 
creasing the peak secondary current i< 
illustrated in Fig. 28, for each of tw 
typical current wave shapes. With a 2’* 
42 current wave, the static shear stren^ 
of a “stuck” weld made with SS.o-kBc- 


amp. peak current was 1300 lb., that of j 
radius tips, expulsion occurred consistently when nugget normal weld made with 79 kiloarap. was 2900 lb., while 

diameter was increased to 3.5 or four times the sheet an oversize weld made with 91.5 kiloamp. failed it 

thickness. W'ith 6-in. tip radii, expulsion occurred in 36001b. With a longer 38-70 wave, static shear stren^ 

about 25% of the welds of diameter equal to four times increased from 1430 Ib. in a weld, with Alclad bondiru 

the sheet thickness. With radii from 9 to 18 in., no ex¬ 
pulsions occurred with nuggets of diameter equal to four 
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only, made with 52.5-kiIoamp. peak current, to 2900 lb. 
with a normal weld made at 70 kiloamp., and to 3750 lb. 
with 82.5 peak kiloamp.} 

The tension strength was near 800 lb. for welds with 
nuggets. The static shear strength increased steadily 
with increasing current, whereas tension strength re¬ 
mained almost constant for all current values producing 
spot-weld nuggets. 

Changing the tip force during welding had little effect 
upon static shear and tension streng^, as shown in F^. 
30. The static shear streng^ varied less than =**7% 
as tip force was increased from 2000 to 3600 lb., decreas¬ 
ing slightly as tip force increased from 2600 to 3600 lb. 
Expulsion was eliminated with tip forces above 2600 lb. 
The strength was found to be more consistent at 3000-lb. 

t Figure 29, hu been omitted. 



tip force than at any other setting. The static tensioc 
strength varied negligibly with changes in tip forct 
during welding. 

Variations in tip force during forging, and variations 
in the acceptable range of forge force delay time pro¬ 
duced no significant changes in static strength. 

The effect of tip radius upon static shear strength is 
shown in Fig. 31. Since nugget diameter did not changf 
appreciably with changes in tip radius, as shown in Fig 
26, the changes in static strength may be correlated with 
nugget penetration or other factors. 

(c) Effect of Welding Variables Upon Nugget Ejdn- 
sion, Expulsion, Cracking, Porosity and Sheet Indenlalion. 
—Nugget extrusion and the resultant excessive shee: 
separation of 0.012 in. were present with tip radii of 4 in. 
and smaller, particularly with higher energy welds. Nc 
combination of tip forces was foimd which would lessee 
the nugget extrusion and sheet separation with the smal- 
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er tip radii. As tip radius was increased, sheet separa- 
ion decreased steady to a value of 0.003 or 0.004 in. 
.t radii of 15 to 18 in., as shown in Fig. 32. Nugget ex- 
rusion disappeared with tip radii of 9 in. and larger. 

Nugget expulsion occurr^ regularly with normd diam- 
ter nuggets when 4-in. radius tips were used, regardless 
f tip force during welding, because of the inadequate 
iameter of the hold-down ring of pressure. Exptdsion 



0 20 40 60 80 100 120 140 160 180 200 

Rg. 34 (a) —Effect Upon Nugget Diameter and Cracking of 
Varying Forge Time Delay. 38-70 Wave. 6000*Lb. Forge 
Force 



0 20 4 0 60 60 100 120 140 160 180 200 

Rg. 34 (i>)—Effect Upon Nugget Diameter and Cracking of 
Varying Forge Time Delay. 38-70 Wave. 6500-lj}. Forge 
Force 



Rg. 34 (c)—Effect Upon Nugget Diameter and Cracking of 
Varying Forge Time Delay. 38-70 Wave. 7000>Lb. Forge 
Force 



Rg. 34 (d)—Effect Upon Nugget Diameter and Cracking of 
Var 3 ring Forge Time Delay. 38-70 Wave. 7500-0}. Forge 
Force 
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Fig. 34 (e)—Effect Upon Nugget Diameter and Cracking of 

Varying Forge Time Delay. 38-70 Wave. 8000>Lb. Forge 
Force 

occurred less frequently with 6-in. radius tips, and was 
entirely eliminated by the use of adequate force with tips 
of 9 in. and larger radius. Figure 25 illustrates this con¬ 
dition with radiographs of wdds made under conditions 
identical except for the changes in tip radius. Porosity 
often accompanied expulsion. With the 18-in. radius 
tips, nuggets as large as four times the sheet thickness 
could be made with any weld force from 2600 to 3400 lb. 
without expulsion or porosity. 

Nugget cracking was determined radiographically and 
was foimd to depend upon nugget size, forge force and 
forge force time delay. With adequate forge force and 
proper time delay, the cracking could be eliminated from 
any size of weld nugget. To determine the range of 
wdding conditions producing crack-free welds, five sizes 
of nuggets were made at each of several forge forces with 
varying forge force time delays. TTie resiilts of these 
runs are shown in Figs. 33 and 34. 

The lower limit of acceptable forge force delay time 
was selected as that delay time below which the nugget 
diameter was reduced or cracking occiured. From Figs. 
33 and 34 it is seen that the lower limit of acceptable 
forge force delay time was about 50 milhsec. with the 
28-^ current wave, and about 70 mtUisec. with the 38- 
70 current wave. 

The upper limit of acceptable forge force delay time 
was selected as that delay time above which cracking and 
porosity occiured in the weld nugget. The range of ac- 
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the advantages of 3000-lb. tip force 
during welding. The spread of points 
decreased rapidly as 3000 lb. weld 
force was approached. 

The effect of changes in tip force 
during welding upon the stren^h con¬ 
sistency of spot welds loaded in ten¬ 
sion is shown in Fig. 37. Although 
the spread of points is not great at any 
value of tip force during welding, the 
minimum spread occurs at 3000 lb. 
tip force, as in the case of the shear 
coupons. 

Previous exploratory welding 
demonstrated clearly that tip radii 
below 6 in. produced very poor spot- 
weld strength consistency which re¬ 
sulted in a spread much larger than 
that obtained for the IS-in. tips shown 
in Fig. 37. With larger tip radii be¬ 
tween 9 and 18 in., the results of 

Tig. 38 (a)—Tvp cal Section o Strength Conaistency Run with 28-42 Wave tip force were minimized. 

This IS one of the advantages of using 
larger radius tips. 

•ptable time delays widened as the forge force was in- Increasing the magnitude of forge force effectively in- 
tased. With the 38-70 current wave, for example, it creased the weld strength because of the larger size crack- 
as impossible to make crack-free welds of 0.40 in. free nuggets that could be produced. The time of ap- 
iameter at any forge delay setting with forge forces of plication of forge force was found to affect the weld 
100 lb. or less. With 7C00 lb. forge force, crack-free strength if it was applied too soon or too late after the 
rids were produced occasionally in the range from 145 welding current. (See Fig. 33.) The length of time 
»155 milUsec. With 7500 lb. forge force, the crack-free during which the forge force remained applied was not 
oge became 105 to 170 millisec. With 8000 Ib. forge found to be related to the weld strength. 

ICC the crack-free range became 65 to 170 millisec. Final shear strength consistency runs under optimum 
igher forge forces, therefore, permit wider latitude in conditions with the 28-42 current wave (400:1 turns 
ege delay timing. ratio, 4080 ni, 2500 v., 3000-7500 lb. tip forces, 72 milH- 

Sheet indentation was e.xcessive with tip radii of 4 in. sec. forge delay, 18-in. radius tips) resulted in a coef- 
• less, but became insignificant with tip radii above 9 ficient of variation of 2.9%. (See Fig. 38.) Final shear 
., as is evident in the section macrographs of Fig. 25. strength consistency runs under optimum conditions 
ith the larger tip radii, forge forces as large as 80(X) lb. with the 38-70 current wave (525:1 turns ratio, 5520 /if-, 
d not appreciably increase the sheet indentation. 22(X) v., 3000-5400 lb. tip forces, 126 millisec. forge delay, 

(/) Effect of Welding Variables Upon Strength Con- 18-in. radius tips) resulted in coefficients of variation of 
dmy “Extensive strength consistency runs could from 3.7 to 4.2% in groups of 25 spot welds each. These 
It be carried out under all acceptable welding condi- results indicate the advantage of the sharper 28-42 wave, 
ms. because of the large number of variables and the which requires less stored energy than the 38-70 cur- 
de range of conditions under which acceptable spot rent wave for the same maximum current or weld 
dds could be made. Both shear and tension coupons diameter. 

rconsistency tests were made, however, at each of the (g) Effect of Welding Variables Upon Tip Life. 
eful voltage settings for two typical wave shapes, and Conservative practice was folk)wed throughout the tests 



each weld pressure throughout the 
Qge of useful tip forces during 
^ng. 

The effect of peak current varia- 
ns upon the strength consistency of 
Dt welds loaded in shear is shown in 
1^35. W'ith the 28-42 wave, the 
pnum peak current values lie in 
t range from 72 to 80 kiloamp., 
th the minimum spread in strengths 
79 kiloamp. The coefficient of 
nation at this current was only 
%. With the 38-70 wave, the opti- 
dh peak current values lie in the 
ige from 64 to 76 kiloamp., with a 
Dimum coefficient of variation of 
% at 76.5 kiloamp. 

I^e effect of changes in tip force 
ring welding upon the strength con- 
lency of spot welds loaded in shear 
ibown in Fig. 36. Although only 
ee welds were used to establish 
h point on this curve, extensive 
■liminary welding had indicated 

i 



Fig. 38 (i>)—Typical Section of Strength Consistency Run with 38-70 Wave 
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Fig. 39—Summary of Tip Life Studies. Section Macrographs 
and Radiographs of Typical Welds (2 X) 


from 52 to 70 kiloamp., wht 
at higher currents the numbc 
of welds between tip dee 
ings began to decrease. Slkl 
ing often occurred after foo 
welds. On strength const 
tency runs with 64 Idloan:;, 
from 4 to 8 welds were (ib 
tained between tip deanii® 
with first evidences of slid 
ing occurring between tii 
fourth and seventh welds ail; 
tip cleaning. 

With the 28-42 current wai 
and the optimum welding pr: 
cedure suggested, more than 1 
successive welds could benai 
between tip cleanings *:i 
peak secondary currents of ii 
value from 59 to 92 kUoami 
although tip sticking usnal 
started on the seventh wi 
after tip cleaning. From 7 
14 welds were made betwe 
tip cleanings on strength c i 
sistency runs although mi 
welds could have been ma 
between cleanings, witha 
defects. A tip life study ' 
made imder optimum 
conditions with the iv 
wave. The tips had prcvictii 
been used on more than i 
welds, with regular re-cleanu 
The results are summarize: 
the successive radiograph - 
section macrographs of Fir 
and in the curves of Fig. 
Nugget diameters were fn 
.3.8 to 3.9 times the 
thickness, and changed n 
little during the run. Nug 
penetration increased s!:’ 
from 47% with the initials 
to 55% on the 20th w 
reaching a peak of 63ff >:■' 
40th weld. 


with respect to tip cleaning and re¬ 
shaping. Tips* were recleaned as 
quickly as there was any evidence 
that excessiv'e sticking or alloying was 
about to occur. An Aloxite 320 grit 
metal finishing cloth on a rubber 
pad was rotatecl by hand between the 
tips, as is usnal in industry. When 
necessary, the tip faces were re- 
niachined to radius. At no time were 
the tips permitted to get into such 
condition as to produce weld defects. 

With the 3S-7() current wave and 
the optimum welding procedure listed, 
but with only 5400 Ib. forge force, 
more tliaii 12 successive welds could 
be made between tip cleanings with 
peak secondary currents in the range 

* Electrode holder* And tip* tued were tnede 
of Mallory Blkaloy ‘’A.” 
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400:1 turns ratio 
iOaUytf_ 


ItJ In. tip raaius 


Fig. 40—Summary of Tip Life Studies. Variations in Nugoet Diunetex, 
and Displacement from the Faying Plane as a Function cn Number of 

Tip Cleaning 
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The lower tip began to stick to the weld on the 13th 
irdd of the series, while after the 17th weld, test strips 
lad to be pried oflF the tip with a screw driver. The 
lugget was gradually displaced from the faying plane 
toward this tip as a result of heating at the tip contact, 
iS shown in Figs. 39 and 40. Alloying of the tip with 
he aluminum sheet began on the 37th weld and t^ame 
scessive on the 48tb weld. The tips were then cleaned, 
md although they remained slightly pitted, excellent 
velds with 50% penetration were again obtained. 

From this and similar runs, it appears that as many as 
10 welds might be made under optimum welding condi- 
ions between tip cleanings. Tip sticking is a serious 
jroblem with the large currents and tip forces used with 
he heavier gages of ^uminum alloy. 

(A) Effect of Spot Spacing Upon Weld Diameter. 
figure 41 shows the influence of spot spacing upon weld 
lugget diameter in 0.091-in. 24S-T Alclad aluminum 
lOoy sheet. Shunting by adjacent welds reduces the 
lUgget diameter for all spacings smaller than I'A in. 
Vdds spaced more than V/t in. apart are not affected 
ijr other welds. All specimens used in the tests covered 
D this report were single spot coupons or were welded in 
single line with spacing of 1 Vs in. 

(i) Influence of Time D^y Between Wire Brushing 
■nd Welding. Figure 42 shows the effect of time delay 
etween wire brushing and welding. Welds were made 
nder identical welding conditions with time delays vary- 
igfromSOsec. to 5 hr. after wire brushing. Static shear 
trength decreased slowly as the time delay increased, 
robably a result of decreased corona bonding with the 
renter oxidation of the surface of the aluminum. Nug- 
et diameter increased slowly as the time delay in- 
reased. This was probably a result of increased sheet 
urface resistance with more extensive oxidation. 

Conclusions 

Spot welds in wire-brushed 24S-T Alclad aluminum 
Hoy sheets of 0.091-in. thickness can be made with ac- 
jptable strength and strength consistency and free 
om defects under the following welding conditions: 

Tip radius: 9 in. or larger. 

Tip diameter: Vg in. or larger. 

Tip force during welding: 3000 lb. 

Current wave shape: 28-42. 


I^eak current magnitude: 80 Idloamp. 

Tip force during forging: 6500 to 8000 lb. 

Forge force delay time: 72 millisec. 

The properties of welds made under the listed condi¬ 
tions wW be approximately: 

Static shear strength: 29001b. 

Static tension strength (2 in. wide crossed strip speci¬ 
mens) : 800 lb. 

Nugget diameter: 0.35 in. (approximately four times 
the ^eet thic^ess). 

Nugget penetration: approximately 45 to 65%. 

Defects: none. 

Welds between tip cleanings: 15 to 30. 

Coefficient of variation of static shear strength: 3%. 

The effect of increasing the peak welding current is to 
increase the nugget diameter and penetration, to increase 
the static shear streng^, but not appreciably to increase 
the tension strength in the range in which spot weld nug¬ 
gets are formed. 

The effect of increasing the tip force during welding is 
to reduce penetration slowly and to widen the range of 
variation in other welding conditions which can be toler¬ 
ated without the production of defective welds. Opti¬ 
mum strength consistency was obtained at 3000 lb. weld 
force, when 18-in. radius tips were used. 

Increasing tip radii from below 4 in. to above 6 in 
greatly reduces the tendency toward expulsion at the 
faying plane. Consistently good welds arc obtained with 
tip radii of 9 in. or larger. Little difference in weld prop- 
e^es is caused by variations in tip radius from 9 in. to 
18 in. 

Increasing the tip force during forging of the weld from 
5000 toward 8000 lb. widens the range in forge force time 
delay and other welding variables which may be toler¬ 
ated without the production of cracked or porous welds. 

With heavy gages, the number of welds between tip 
cleanings is definitely limited. A conservative estimate 
would allow 15 to 30 welds of normal strength between 
tip cleanings in 0.091-in. wire-brushed 24S-T Alclad 
alumintun alloy, assuming the tips to be cleaned offen 
enough so that no tmdesirable wdd properties occurred. 

The ratio of tension to shear strength in welds pre¬ 
pared by wire brushing is low because excellent corona 
bonding adds appreciably to weld strength in shear, but 
does not contribute to tension strength. With chemical 
cleaning, the shear strength for the same nugget diameter 
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Fig. 41—Relation Between Weld Nugget Diameter and Spacing Between Spots, for 

a Single Row of Welds 
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Fig. 42—Effect Upon Shear Strength and Nugget Diameter of Variations in the Time Delay Between Wire 

Brushing and Welding 


is lower, but the tension strength is not affected, increas¬ 
ing the ratio of tension to shear strength. The welds 
made tmder the conditions recommended above have 
both shear and tension strengths well above m i niTnum 
requirements. 
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on Aircraft Spot-welding Research, "An Investigation of Blectrode-prcswi 
Cycles and Current Wave Forms for Spot-welding Alclad 24S-T," b; W. F 
Hess, R. A. Wyant, B. L. Averbach and F. J. Winsor, Welding LaboratocT 
Rensselaer Polytechnic Institute, April 1943. 


Editors Note: Two subsequent reports will be published in the December issue. 
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Photoelastic Investigation of Stress 
Distribution in Transverse 
Fillet Welds* 

By Dr. C. H. Norris^ 


General 

I N THE Structural Laboratory course last year, it 
was desired to include a comprehensive exercise 
which utilized most of the essential principles in¬ 
volved in the solution of a plane stress problem by the 
photoelastic method. Instead of using a conventional 
problem such as the analysts of a beam or ring, it was 
decided to use a subject having more of a research aspect. 
The scope of such a problem had to be restricted so that, 
by dividing the work among a limited number of students, 
definite results could be obtained in a reasonable amount 
of time. 

For this purpose, it was decided to study the effect 
of cross-sectional shape on the stress distribution in 
transverse fillet welds, restricting the investigation to 
four shapes, namely: the conventional full triangular 
fillet, a convex fillet, a concave fillet and a partial tri¬ 
angular fillet. Similar photoelastic studies have been 
made by several investigators and are reported notably 
in the following references. 

1. Coker, E. G., and Levi, Miss R., “Stress Distribu¬ 
tion in Fusion Joints,’’ Proceedings, Institution 
of Mechanical Engineers, May 1931. 

2. Solakian, A. G., “Stresses in Transverse Fillet 
Welds by Photoelasticity,’’ American Welding 
Society Journal, February 1934. 

3. Coker, E. G., “Stresses in Fusion Joints,” Ameri¬ 
can Welding Society Journal, Jimc 1934. 

4. Solakian, A. G., “Stress Distribution in Fillet 
Welds—A Review of .the Literature,” The 
Welding Journal, May 1937. 

The results which are given here were obtained by 
students in the laboratory course during the 1940-41 
school year and were checked independently by the 
laboratory staff. 


Object and Scope of Investigation 

In this investigation, it was desired to find the effect 
of the shape of the face of a transverse fillet weld on the 
stress distribution and stress concentrations in the weld. 
To study this problem, a double strap butt joint was 
selected as a basis of comparison. Four types of welds 
were investigated for this type of joint, namely: 


* Reprinted from publication 80, Dec. 1041, Dept, of Civil and Sanitary 
Hntiineering, Massachusetts Inst, of Tecbnology. 

t .'Assistant Professor of Structural Engineering, M.l.T. 


Type A —Convex fillet weld 
Type B —Concave fillet weld 
Type C —Full triangular fillet weld 
Type D —Partial triangular fillet weld 

The term, “full triangular” fillet weld, is used to desig¬ 
nate a fillet weld having a straight 45° face and a leg ex¬ 
tending over the entire thickness of the strap plate, 
while the term, “partial triangular” fillet weld, applies 
to a fillet weld, having a straight 45° face with a leg ex¬ 
tending over only part of the thickness of the strap plate. 

Type A and Type B fillets have been selected to study 
the ^ect of “reinforcing” or reducing the throat of a 
standard 45° straight face fillet, such as the Type C 
fillet. The face contours of Types A and B will be made 
extreme to accentuate this effect. It is intended to com¬ 
pare Types C and D to determine how nearly the strength 
of a standard straight fillet is directly proportional to the 
length of its leg. 

It was decided to compare these different shapes on 
the basis of the stress distribution existing on the sec¬ 
tions which coincide with the legs of the ^ets under a 
tensile load on the joint. It was further assum^ that the 
stresses in the transverse fillet welds are of a two- 
dimensional nature and, therefore, imiform along the 
length of the weld. This assumption makes it possible 
to carry out this investigation by studying the stress 
distribution in model which represents a thin slice taken 
from the transverse welds of a double-strap butt joint. 

Description of Tests 

To determine the stress distributions required using 
the photoelastic method, two models were constructed 
out of BT-61-893 Bakelite to the dimensions shown in 
Fig. 1. These models were cut out of a solid sheet (ap¬ 
proximately four tenths of an inch thick) and ap internal 
H-shaped cut was made so that a double strap butt joint 
is reproduced. These models are symmetric^ about the 
longitudinal center lines, but the external contours are 
shaped so that there is a different type weld at each end 
of the strap plates. This dissymmetry does affect the 
stress distribution in the welds, but undoubtedly it is a 
small amoimt. Fiuther, the t)rpes of welds were matched 
in such a way that the models were as nearly symmetrical 
about the horizontal center line as possible. The length 
of the strap plate is probably not important unless it is 
very short and was made three times its width. In these 
models, the width of the strap plates has been made 
approximately equal to that of the main plates. The 
inner edge of the slits was made to coincide with the pro¬ 
longed edge of the main plates. 
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Average thickness of models = 0.395" 


In order to simulate a square comer at the root of the 
welds, the ends of the slits, representing the contacting 
faces of the strap and main plates, were cut as square as 
possible. Previous investigators have -usually used a 
very small radiu at the ends of the slits. Also, they have 
investigates this type of joint with and without pressure 
between the faces of the straps and the main plate— 
contact between these faces having been obtained by 
packing the slits. In these tests, since the effect of dif¬ 
ferent contours of the face of the fillets was desired, it 
was felt that this could be better studied by eliminating 
any possible variation in the manner in which the slits 
were packed and, therefore, these tests were made with¬ 
out pressure between the faces of the plates. In both of 
the models the slits are 0.04 in. wide. 

The difference in the principal stresses, (/>— 5 ), was 
obtained by photographing these models in a standard 
polariscope, using circularly polarized monochromatic 
light. The sum of the principal stresses (P+q), was 
obtained by measuring the change in thickness of the 
model at a ntunber of points using a de Forest-Anderson 
lateral extensoroeter.* The directions of the principal 
stresses were obtained by two methods: first, by trac¬ 
ing the isoclinics obtained in the polariscope using plane- 
polarized white light; and second, by photograpMng the 
stress trajectories obtained by using a meth(^ developed 
by Dr. A. J, Durelli,t in which he paints the model with 
a strain-sensitive lacquer which cracks under load into 
the pattern of one system of stress trajectories. 

Using the test data for (p — g), (P+g) and the directions 
of the principal stresses, the normal and shear stresses 
were computed on the sections coinciding with the legs 
of the fillet welds of these models. These sections, sec¬ 
tions ao\ and co, are indicated in Fig. 1. These stresses 
were computed using the usual equations for two- 
dimension^ stress systems, namely: 


c 


{p-i) 

2 


+ 


(P+g) 

2 


cos 2a 


r 


(p-g) 

2 


sin 2a 


The results are shown on the curves shown in Figs. 2 
and 3, and will be discussed in the next article. 


Discussion of Test ResiUts 



smooth and continuous ctirve does, however, indicate 
that the values are not unreasonable. The followiiii 
tabulation gives the percentage errors found by applyio; 
these statical checks to the various models: 


Statical Check No. 

1 

2 

3 

Type A model 

+3.0% 

-12.0% 

1.4‘^c 

Tsrpe B model 

+1.0% 

• - 9.7% 

6 .1% 

Type C model 

-2.3% 

- 8.1% 

0 .1% 

Type D model 

-0.4% 

-12.0% 

13.2% 


The normal and shear stresses shown in Figs. 2 and 3 
are readily determined except in the vicinity of the points 
of stress concentration. In these regions, the quantita¬ 
tive accuracy of the curves is questionable and therefore 
has been shown by a dashed line. Several statical checks 
have been applied to these results, namely: 

1. The resultant normal stress on section ao\ should 

equal one-half of the tension applied to the 
model. 

2. The resultant shear stress on section co should 

equal one-half of the tension applied to the 
model. 

3. The resultant shear stress on section ao\ should be 

equal and opposite to the resultant normal 
stress on section co. 

These statical checks serve to check the results as a whole, 
but of course do not indicate the accuracy of the indi¬ 
vidual ordinates to the curves. The fact that the ordi¬ 
nates computed from the test measurement do lie on a 


* Proceedinga of Tenth Semi-Annunl Bnatern Photoeluticity Conference 
December 193d, p. 31. 

t Proceedinga of Thirteenth Semi-Annual Eastern Photoelasticity Con¬ 
ference. June 1941, "New Method of Obtaining Isostatica in Photoelasticity,'' 
by A. J. Durelli. 


The errors recorded for Check No. 3 were computed b;- 
taking the difference in the two resultant forces aod di¬ 
viding by one-half of the tension applied to the mode! 
Check No. 1 is quite easy to satisfy, but both Cbecb 
Nos. 2 and 3 are difficult, being particularly seiiati\'( 
to the direction of the principal stresses. 

It should be pointed out that accurate determinatios 
of the stresses in the vicinity of points of stress concentra¬ 
tion is very difficult. Not only are experimental mas- 
tuements inaccurate and approximate, but also inter¬ 
preting this information as a case of two-dimensioiii 
stress is highly questionable. Theoretically, a square r^ 
entrant comer, such as those occurring in ^ese modeb 
is a discontinuity at which the stress is infinite, ac^ 
there must be a plastic flow which relieves the sties 
Of course, the square comers in these models are oc- 
perfectly square, but have fillets of a very minute radi; 
even so, the stresses are very high at these points. In tlx 
neighborhood of a comer, the radius of the comer 
is the representative dimension of the plate, and an-.t 
it is small in comparison with the thickness of the pb- 
the stress distribution approaches a state of plane strair 
Probably, a point which is approximately half the ihi^‘ 
ness of the plate away from the comer approaches ^ 
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state of plane stress. In the region in between the corner 
and sudi a point, the state of stress is somewhere in 
between plane stress and plane strain. It is apparently 
not legitimate, therefore, to interpret the data in this 
region as a case of two-dimensional stress system, as was 
done in these tests. 

The test data indicate that the stresses near point oi 
on section aot are most likely to be in error for the reasons 
just discuss^. Readings on the lateral extensometer 
taken 0.02 in. from point Oi on all types of fillet welds 
indicated relatively small changes in thickness of the 
model whereas the isochromatics indicate a very high 
tensile stress parallel to the inside edge of the strap plate 
as point oi is approached from the strap plate side. In 
these tests, the boundary value of {p-\-q) at point oi on 
section aoi was located consistent with the large tensile 
<r-stress indicated by the isochromatics at this point, 
and the results given here have been computed on this 
basis. Readings taken with the lateral extensometer 
very close to points c and o on all types of welds were 
consistent with the change of thickness indicated by the 
isochromatics for a state of plane stress. It is, therefore, 
felt that the stresses found at points c and o are more 
reliable than those given for point 0 \. 

Conclusions 

The results given in Figs. 2 and 3 may be best com¬ 
pared on the basis of the magnitude of the stress concen¬ 
trations. The magnitude of the normal stresses at points 
c and 0 on section co and at point Oi on section aoi and 
the corresponding stress concentration factors are com¬ 
pared for the different types of welds in the following 
tabulation. The stress concentration factors are cora- 


Stress Concentration 


Normal Stress, Psi. Factors 


T)rpe 

of 

Toe 

of Weld 

Root of Weld 

Toe 
of Weld 

Root of Weld, 

Weld 

Point c 
(or Cl) 

Point 0 

Point Oi 

Point c 
(or Cl) 

Point 0 Point o 

A 

-i-2170 

-1870 

4-2310 

5.43 

4.68 

5.78 

B 

0 

-3.330 

4-3180 

0 

8.33 

7.95 

C 


• -17.32 

4-2470 

2,53 

4.33 

6.18 

D 

-M443 

-2000 

4-3040 

3.61 

6.50 

7,60 


puted on the basis of the average stress in the strap 
plates. 

Comparing Types A and C, it is seen that “reinforce 
ment” of the throat of a standard 45° straight face fiUei 
weld does reduce the maximum stress concentration (at 
point a slight amount—but only 6.5% as compared 
with a 42.5% increase in the throat dimension. Further, 
the re-entrant comer produced at point c approaches a 
90° corner and causes a stress concentration factor at 
the toe almost as large as that at the root. Comparing 
Types B and C, it is seen that reducing the throat does 
increase the maximum stress concentration factor- 
about 35% as compared with a 41.5% decrease in the 
throat dimension. Making the weld fa^e tangent to the 
main plate at c of course reduces the concentration at this 
point. 

Comparing Types C and D, it is evident that reducing 
the length of the leg of a standard 45° fillet by 25‘rc 
has increased the maximum stress concentration factor 
by 23%. This indicates that the strength of a straight 
45% ^et is almost directly proportional to the len^h 
of its leg as is commonly assumed in design practice 
However, it should be noted that in the Type D fillet the 
stress concentration factor at o is more nearly equal to 
that of o\ than is the case for the Type C fillet. This may 
indicate that as the leg dimension is further decreased 
the strength of the fillet may depart somewhat from a 
linear relationship with the size of the leg. 

The conclusions which may be drawn from this 
investigation may be summarized as follows: 

1. Reinforcement of the throat of a standard 45‘ 

straight face fillet by a convex face is not efiec- 
tive in increasing its strength and, if anything 
may be harmful, because it increases the stress 
concentration at the toe of the fillet. 

2. On the other hand, concavity in the throat of a 

standard 45° straight face fillet decreases its 
strength almost proportional to the reduction in 
the throat dimension. 

3. The stress concentration at the toe of a fillet may 

be reduced by fading the face of the fillet intc 
the main plate with a smooth curve. 

4. These tests indicate that within certain Itmiu 

(which have not been determined) the strength 
of a standard 45° straight face fillet is practic^y 
directly proportional to the length of its leg. 
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The Straining of Deposited Weld 
Metal During Cooling* 

By E. Paul DeGanno^ 


Introduction 

T he failure of certain welded structures, wherein 
almost no ductility was observable, has raised 
many theories' as to the possible causes. Since 
these failures nearly always originate in weld metal, 
which in normal tension tests exhibits excellent ductility, 
it was natural that much speculation should exist as to 
the reasons why this same metal did not behave in a duc¬ 
tile manner in these cases. Several persons have ex¬ 
pressed the belief that some of the inherently available 
ductility of the weld metal might have been consumed by 
the straining that takes pla^ during its cooling when 
it is deposited in a structure wherein tUh plates being 
welded offer considerable restraint. 

Because it is extremely difficult to make measurements 
at the elevated temperatures which exist during the depo¬ 
sition of weld metal and its subsequent cooling, relatively 
little work has been done toward determining what occurs 
during this process. It was to obtain a measure of the 
plastic flow that takes place in a weld as the result of cool¬ 
ing that this investigation was undertaken. 

Theoreticed Consideratioiu 

When a weld is made a relatively small amount of the 
base metal is heated and melted and a small quantity of 

* Scheduled for the Twentf-sizUi Annual Meeting, A.W.S.. October 1046. 
t AModa'te Profeseor of Mechanical Engineering, Uoivct^jr of California, 
Berkeley. 
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DISTANCE along WELD LENGTH 

Hg. 2—Relation oi Strain Along Weld Length 

molten* metal is deposited. There is thus the necessity 
for the molten metal to cool, solidify and further cool 
while bonded to a large mass of metal at, or slightly 
above, ambient temperature. When the weld deposit 
solidi^s it assumes the dimensions dictated by the geom¬ 
etry of the base metal at that time. 

The greater part of the base metal does not undergo 
any great temperature change (perhaps less than 1(X)° F. 
ch^ge for the most part) during the entire process and 
its physical dimensions do not change appreciably. 
Also, since it has its full strength, it offers great resistance 
to dimensional changes. 

The weld metal, on the other hand, undergoes a tem¬ 
perature change of around 1400® F. in cooling from the 
solidification point to ambient temperature. During 
this cooling the weld metal would Hke to contract approxi¬ 
mately 0.000006 in. per inch of length per' degree F., 
or a total on this basis of 0.008 in. per inch. If the weld 
metal were, in effect, given a plastic strain of this amount 
the effects would not be great. Moreover, when it is ap¬ 
preciated that during much of the coohng (or straining) 
period the mechanical properties of the wdd metal are 
very low, as indicated in Fig. 1, and the plastic flow oc¬ 
curs easily,and further, that metallurgical transformation 
takes place during the cooling, it appears doubtful if the 
effective strain is as great as 0.008 in. per inch. Also, since 
the temperature of the base metal varies from ambient 
up to the melting point over a few inches adjacent to the 
weld deposit, some of the restraining metal immediately 
adjacent to the weld deposit is expanded and also con- 
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tracts during cooling. Thus it is probable that the effects 
of straining during cooling should not be as great as those 
caused by a cold strain of 0.008 in. per inch. 

Since this complex set of conditions regarding tem¬ 
perature, streng^ and metallurgical transformations 
exist, it is extremely difficult, if not impossible, to make a 
direct determination of the effective plastic strain that 
takes place. However, it appears that the answer can 
be obtained by an indirect method. 

It has been foimd that the longitudinal strain in a butt 
fusion weld is essentially as shown in Fig. 2.* The weld 
metal at points A, B and C is subjected to different 
amounts of strain during cooling. The metal at A has 
had no plastic strain. At C a stress equal to the yield 
point is found indicating that the metal at this point at 
least has been strained elastically to the yield point.* 
Because of the shape of the stress-strain curve just be¬ 
yond the yield point, it is possible that the metal might 
have been strained plastically to an appreciable extent 
beyond the strain corresponding to the yield point and 
still not indicate greater than yield point residual stress 
when measured by relaxation methods. 

If tensile specimens were taken from a weld at points 
A, B' and C', these should reflect in their tensile proper¬ 
ties the amounts of plastic strain which they experienced 
during cooling. If the tensile properties of these speci¬ 
mens were then compared with those of other speci¬ 
mens which had been subjected to known amounts of 
plastic strain, a measure of the effective plastic strain of 
the weld metal due to cooling could be obtained. 

Experimented Procedure 

Two Unionraelt welds were prepared as shown in Fig. 
3. The size of the plates was sufficient to assure at the 
mid-length* of the weld maximum possible longitudinal 
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Fig. 4—Teniiile Specimeiu 
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Fig. S—Location of Test Specimens in Butt Weld 


Strain due to cooling. The plates were tack welded using 
2-in. tacks on 12-in. centers. Run-off tabs were pro¬ 
vided at each end of the joint. Both passes were depos¬ 
ited at 35 V., 1050 amp., with a machine speed of 13 in. per 
minute. Linde No. 36—V4-in. electrode was used with 
Unionmelt No. 20—200 flux. After the first pass was 
deposited the plates were turned, flame gouged, and the 
second pass nm. 

The following day tensile specimens, as shown 

in Fig. 4, were cut from each weld, being taken from the 
locations indicated in Fig. 5. Thus, as shown in Fig. -5. 
ten specimens were cut from each weld. Specimens 1, 2. 
3, 4, 5 and 6 had received no plastic strain during cooling 
Specimens 9 and 10 had been strained a maximum 
amount while Specimens 7 and 8 had been strained sonx 
intermediate ^ount. 

In order to obtain a calibration curve of tensile prop¬ 
erties vs. known amounts of plastic strain Specimens 1,2. 
3 and 4, which had not been strained plastically during 
cooling, were strained plastically the following amounts 
Specimen 1, Vj%; 2,1%; 3, 3%; 4, 5%. Since Speci¬ 
mens 5 and 6 had been subjected to practically zen’ 
strain during cooling, they were used to give results cor¬ 
responding to 0% strain. 

In order to measure the strains a special "clip gage 
was used. This gage has been developed at the Univer¬ 
sity of California for making very acciuate strain meas¬ 
urements where considerable extension occurs. As show:i 
in Fig. 6, it consists of a phosphor-bronze "clip" on which 
are mounted two SR-4 electrical resistance strain gages 
The ends of the clip can be fitted between pins solderec 
to the specimen or into nicks in the specimen. In this 
case a small amoimt of solder was deposited on the 
specimen where each end of the clip gage was to rest 
Small nicks were then made in the solder and the gagt 
fitted into these nicks. In this way it was not necessary' 
toput nicks in the bodyof the specimen to support the gaet 



Fig. 6—Special Clip Type Strain Gage Mounted on Tensile Speoa* 
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Fig. 7 


ends. The clip gage was held in position by means of rub¬ 
ber bands, as shown in Fig. 6. 

After Specimens 1, 2, 3 and 4 had been strained plas¬ 
tically, all of the specimens were heated for 2 hr. at 212® 
F. in order to accelerate strain-age embrittlement prior to 
testing. 

On the following day all of the specimens were tested 
in tension to destruction. The tests were conducted with 
extreme care so as to obtain precise readings at the yield, 
ultimate and breaking loads. After fracture the total 
elongation over the 1-in. gage length was determined. 


Results 

The results obtained from the tests of the two welds 
are shown in Fig. 7. In each case a curve of yield point 
stress vs. plastic strain was drawn. The yield point 
stresses for Specimens 7, 8, 9 and 10, having tmknown 
amounts of strain, were then located on the curves. The 
locations of these points upon the curves give the cor-* 
responding effective plastic strains to which these speci¬ 
mens were subjected during cooling of the deposited 
metal. Since Plate II was the second one made and 
tested, it is probable that the results obtained were 
slightly more reliable than those for Plate I. 

It may be seen in Fig. 7 that the maximum effective 
plastic strain was less than V8%. This is in agreement 
with the statement made previously that the effective 
strain should be less than the 0.008 in. per inch due to sim¬ 
ple thermal contraction. On the curve for Plate I it 
nvill be noted that the four specimens, 7, 8, 9 and 10, fall 
nto two groups. The two Specimens 7 and 9 from one 
ade of the weld form one group, while the other is com- 
>osed of Specimens 8 and 10 from the other side of the 
>late. This phenomenon was not observed in Plate II. 

It is thus apparent that the yield point stress which is 
neasured by relaxation methods at the mid-length of such 
I weld does not indicate all of the strain to which the 
veld metal has been subjected However, it is equally 


apparent that the maximum amount of strain which oc¬ 
curs is not at all serious. 

As might be expected, the yield point values gave 
more significant differences than the ultimate or breaking 
stresses. In general, the latter showed the same relative 
results but the effects of small differences in strain .were 
not so pronounced. 

While the tests were conducted on Unionraelt welds 
the results apply also to manual welds since the strain 
condition indicated in Fig. 2 is the same for both types. 

Conclusions 

From the tests conducted the following conclusions 
were drawn: 

1. In a butt Unionmelt weld greater than 20 in. in 
length the weld metal at the mid-length is subjected dur¬ 
ing cooling to a plastic strain greater than that corre¬ 
sponding to the yield point of the material. 

2. The maximum effect of such straining upon the 
tensile properties of the weld metal is less th^ Uiat of a 
Vi% plastic strain at room temperature. 
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Spectroscopy Applied to Ferrous and 
Nonferrous Materials* 


By Wm. J. Poehlman^ 


Abstract 

This presentation is to acquaint those in the welding field with 
the great commerciai value of the spectrograph in controlling weld¬ 
ing and weld materials. By the use of the spectrograph, non¬ 
destructive analyses of metals, castings and forgings, and plate 
stock, weldrod wire and weld metal are procured accurately, with 
great economy and speed. The necessity of these factors for an 
inspection tool in the present great demand for increased production 
with the simplicity of their procedures is discussed. A brief re¬ 
view of the origin and history is given. The spectrograph and other 
equipment us^ in a modem laboiatm’y, along with some typical 
r^ults obtained are illustrated. 


Introduction 

S PECTROGRAPHY provides a means of carrying 
out quickly and accurately an analysis by the 
application of a spectrograph, which employs the 
combined principles of physics, optics and photography 
to investigate the chemical composition and atomic 
structure of ferrous and nonferrous metals and non- 
metallic materials. 

For the benefit of those unfamiliar with spectrography, 
it is pertinent to refer briefly to the factors leading to 
modem spectroscopy; namely, (^4) origin and history; 
(B) principles involved and (C) significance to science 
and industry. 

(A) Origin and History 

The most common example of a spectrum is the rain¬ 
bow which had been observed for years, yet the disper¬ 
sion of light was not discovered until 1666 by Sir Isaac 
Newton.^ He demonstrated that white light could be 
resolved into its component colors by passing the beam 
of light through a glass prism. By doing this he obtained, 
on a screen, a series of colored bands resembling those ob- 

* Scheduled for the Twenty-Sixth Annual Meeting. A.W.S., October 1945. 
t Chief Spectrographer. A. O. Smith Corporation. Milwaukee, Wis. 
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fig. 1—Schamatic Diagram Showino White Light Dimreed 
into Rainbow Color Spectnun, by Meana of a Glaaa Priam 
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Fig. 2—Schematic Diagram lllaatraiing the Sun's Many line 
Spectrum Compared ^th Laborato^ Produced Spectra d 
Cimarent Elementa. The Remaining Unmatched Liaea of tho 
Son'a Spectre Are Due to Other Elementa 


served in the rainbow and illustrated in Fig. 1. This 
series of colored bands became known as a spectrum. 

It was not until the beginning of the nineteenth cen¬ 
tury that further experiments were made. Wollaston in 
1802 observed that the sun’s spectrum was crossed with 
black lines parallel to the slit tluough which the sunlight 
passed before entering the prism. It also showed ab¬ 
sorption regions and a discontinuous emission spectrum. 
A reproduction of the sun’s spectrum is illustrated in 
Fig. 2. 

In 1817, the first spectroscope was constructed by 
Fraunhofer. He placed a convex lens between the iMism 
and the slit using a telescope to examine the refined 
lines more clearly. By this means he was able to prove 
that the lines obtained from a given source of light, 
alwa}^ occupied the same relative positions. He also 
invented the diffraction grating, the second method of 
producing spectra and was able to measure the wave 
lengths of the solar lines, thereafter known as the Fraun¬ 
hofer lines. 

J. F. W. Herschel, in 1823, made the first systematic 
observations of metallic emission spectra. He investh 
gated the spectra of colored flames, particularly tho^ 
charged with copper and strontium and attempted to 
record their position graphically, thus laying the founda¬ 
tion of spectrum analysis. 

Kirchhoff and Bunsen’ later placed spectrum analysis 
on a firmer basis by their discovery of new lines repn- 
senting various unknown elements including, caesium 
and rubidium. They also established the fact that eaca 
element had its own distinctive spectrum. This ap¬ 
proach provided a new method by which the compositior 
of the imiverse could be determined. Bunsen and 
Kirchhoff were responsible for the first spectrometer a-id 
the first use of the collimator. By the middle of the nine¬ 
teenth century many new workers in the field began the 
study of the spectrochemical composition of the stars 
the sun and the earth. Of special interest is the specin- 
graphic discovery of helium, in the solar spectrum lore 
before it was known to exist on the earth. The 
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fig. 3—Schamatic Diagram oi th« Completo Wave-Length and 
Frequency Chart the Electromagnetic Spectrum 


paper on spectrographic analysis was written in 1860, by 
Kirchhc^ and Bunsen entitled, ''Chemical Analysis by 
Means of Spectral Observations.”* After the beginning 
of the twentieth century the emphasis has been on the 
qualitative and quantitative analysis rather than on the 
mere identification of spectra. 

As late as 1910, H. Kayser wrote in his monumental 
“Handbuch der Spectrosckopie” as follows: “Summariz¬ 
ing, I come to the conclusion that quantitative spectro¬ 
scopic analysis has shown itself as impractical.” Spec¬ 
troscopic progress was shelved universally during the 
first world war era, except for the continu^ research of 
de Gramont in France and Bums in the United States. 
Not until 1925, was this “forgotten method” exhumed 
(ausgegraben), by the physicists of the Zeiss Works. 
Since then physicists from practically every nation have 
contributed to the research and development of spectro¬ 
graphic analysis. 


(B) Principles Involved 

The principles of spectrochemicaF analysis are based 
upon the fact that the atoms in each chemical element in 



Pur© Fe 


Specimen a 
with 0.25% Si 


Specimen b 
witti 0.37% Si 


Specimen x 


Specimen c 

with 0.85% Si 


Fig. 4 —An Enlarged Portion of a Spectrographic Plate Showing 
Five Spectrum* of Iron with Varying Silicon Content 

At the too is a millimeter scale, below it the spectrum of pure 
iron, then me spectra of specimen's a, o, x and c, respectively. 
At the bottom identified are the line pairs of silicon and iron wave 
lengths in angstrcxns (Harrison, Massachusetts Institute of Tech¬ 
nology Wave-Length Tables, John Wiley and Sons, Inc., New York 
(1939)). Before the advent of microphotaneters diese elmnent lines 
were evaluated visually with an average accuracy of less than 5 
to 10% of the amount present, by comparisons with known stand¬ 
ards. With the present development of the internal standard 
methods, choice of proper spectral line pairs, microphotometers, 
photographic materials and processes, precisions of 3 to 5% 
standard deviation are obtainable. The specimen marked x, 
contains 0.56% of silicon. 


a vapor state, under suitable thermal or electrical excita¬ 
tion, vibrates with its characteristic frequency. The 
complete frequency and wave-length chart of the electro¬ 
magnetic spectrum, as it is now known, is illustrated in 
Fig. 3. This complete spectnim covers a range from the 
longest wireless waves, several miles long, to the X-ray 
waves of one million-millionth of a centimeter in length. 



Fig. 5—Diagram of the Optical System of a Littrow Type Spectrograph 


SPECTROSCOPY APPLIED TO META1£ 


Digitized by 


Google 


1948 


866-0 





























Fig ^-Diagram of a Concave Grating Spectrograph 


usually obtained by metallic arcs and 
sparks, carbon arc flames or discharge 
tubes. 

The wave lengths* of the spectral 
lines emitted by each element are dif 
ferent from those emitted by any other 
element, each having a definite pattern, 
as reproduced in Fig. 2. These patterns 
when recorded on photographic ma¬ 
terials are called spectrogr ams and are 
the basis of spectrographic analj'sis. 
The line emission spectra emitted by 



Fig. 7—Sample Preparation Room: Comer Showing Briquetting 
Machine, Grinder and an Assortment of S*tnpln« to Be Prepared 
for Spectrochemical Analysis 


Only a very small portion of this known spectrum is 
visible. Spectrographic analyses are made in this 
visible and the invisible ultraviolet and infrared ranges. 
Chemical analysis can also be accomplished by the X- 
ray spectrometer, which produces the characteristic 
X-ray emission lines. 

A spectrum may be described as a wave-length analy¬ 
sis of a source of light. All spectra may be grouped into 
four main classes: 

(o) Continuous emission spectra. 

(b) Line emission spectra. 

(c) Continuous absorption spectra. 

(d) Line absorption' spectra. 

The line emission spectra, to which this paper is limited, 
are the most important in spectrochemical analysis and 
are characterized by sharply defined bright lines, caused 
by the gaswus atoms or ions in a suitable state of excita¬ 
tion, illuminating the slit. This means of excitation is 



Hg. 8—Opposite Comer of Sample Preparation Room, Showing 
Belt Sander Where the Surfacea of the Various Types, Sixes, 
Shapes and Forms of Samples Are ^epared. This tioom Also 
Contains a Cut-off Wheel and Dome Surface Grinder 



Fig. 9—General View of the Excitation Room Where, Depend¬ 
ing on the Analyses Required, Spectrographic Photographi 
Are Taken of the Spectra Produced by the Various Electilcal 
Discharges 



Fig. 10 Dark Room: Here, the Exposed Photographic Spec 
trum Plates Are Processed Under Controlled Conditions 


each element in a sample, under controlled conditions of 
excitation manifest Uiemselves at their characteristic 
wave lengths. The darkness of the photographic images 
of the spectral lines is proportional to the concentration 
of that element present. As illustrated in Fig. 4, for the 
element silicon, a dark line represents a high concentra¬ 
tion, while a faint line, a low concentration. The com¬ 
parison of these line intensities with those of knovm 
standards is the basis of quantitative analysis. Gerlach's 
and Schweitzer’s* Internal Standard Me^od and line in¬ 
tensity measurements by photometers further increased 
the accuracy of quantitative analysis. 

There are two types of spectrographs, known as the 
Prism and the Grating, illustrated diagranunatically in 
Figs. 5 and 6, respectively, whose basic components are 
the slit, the lenses, the dispersing and the recording 
systems. The spectrograph is an optical instrument de 
signed to refract or diffract the light produced at a source 
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Rg* ^ Calculating Room, Micrc^hotomater Density 
RMding* of the Unknown Elemental and Reference Lines ol 
the Spectrums on the Pro c e s s e d Plates Are Trannoeed Over 
Plate4^haracteristic Curves to Their Respective Loaaritlunic 
Intensity Ratios. These Logarithmic Intensity Ratios Are Then 
Transformed to Their Proper Per Cent Concentration Values, 
Posted and Reported 

into its constituent wave lengths which are recorded on 
photographic plates or films. The spectrogram thus pro¬ 
duced may be interpreted for either qualitative or 
quantitative analysis, thereby accomplishing physically 
what the chemist does chemically. There is no standard 
kind or size of spectrograph available for all types of 
analytical work. The type of instrument select^ for a 
particular analysis should be governed by the character 
of the analysis required. 

(C) Significance to Science and Industry 

It was not until recent years that the findings of the 
early pioneers of spectrography have been put to any im¬ 
portant use in industry. The first systematic practical 
use of spectrography in the western hemisphere was in¬ 
troduced in 1913, by K. Bums,' of the United States 
Bureau of Standards. W. F. Meggers, also of the Bureau 
of Standards later published in 1922, the first complete 
paper on “Applied Spectrographic Analysis of Practically 
Pure Metal.” The spectrograph has since been applied 
to almost all fields of industry and science. The inter¬ 
national standardization of wave-length measurements 
and tables and the constant improvements on spectro- 



Fig. 12—CroM Section of Crack, niustrating the Lack of De- 
caiburixation, and InterOTanular Nature; uiclusion Material 
Identified aa Lead by the Spe^ograph 


On determination of cause the use of lead hammers was sus- 
>ended and defects were eliminated. Penetration occurred in 
lot-forming operation under lead smears on surface. 500 X. 


graphs, excitation methods, photographic materials, the 
development of the microphotometers and spectro- 
chemical methods have greatiy reduced the early limita¬ 
tions of quantitative spectrochemical anal 3 ^is. 

The applications of spectrographic methods are today 
so numerous that to recount them in detail would be alto¬ 
gether beyond the capacity of this discussion. The 
following are a few of the more important fields: Ce¬ 
ramics, Glass, Food, Organic and ‘Inorganic Chemistpr, 
Biology, Agriculture, Criminology, Mining, Medicine 
and dl phases of Metallmgy. Incredible progress has 
been made since 1925, when the horizon of applied 
spectrography became perceptible. 

The principal advantages of spectrographic anal 3 rsis 
are: 

1. Speed of analysis is important in steel manufacture 
and steel fabrication. The time required for spectro¬ 
graphic anal)^is ranges from 8 min. to 1 hr. depending 
upon the nature, size and preparation of sample and the 
number and kind of determinations report^. Under 
routine analysis techniques, eight to ten determinations 
per man-hour can easily be attained. 

2. Accuracy is imperative in analysis. At present 
precisions of 3 to 5% standard deviation are obtainable. 




Rg. 13—Intergranular Penetrator; Incluaion Material Verified 
as Being Beryllium-Copper Alloy by the Spectrograph 

Penetration occurred under dies made of the above material. 
1000 X. 

3. Cost for the same number of determinations per 
sample is less, a saving of approximately ten times over 
the cost of chemical analysis can be attained by the 
spectrographic methods. 

4. Sensitivity is very great, some elements can be de¬ 
tected in amounts lower than 0.0001%, while some 
metallic elements can be identified when their concentra¬ 
tion reaches 0.001%. 

5. Simplicity and ease in determining the 16 rare 
earth elements which are especially difficult and tedious 
to analyze by wet chemical methods. 

6. Sample size need never require more nor exceed 
100 mg. 

7. Permanent checks and records of all elements 
present are obtained in the form of photographic plates 
or films. 

8. Nondestructive test for analysis attained by the 
flat surface sparking technique* can be used on finished 
products without destroying or obtaining drillings for a 
complete determination of all elements except carbon, 
phosphorus and sulphur. 

9. Simultaneous detection of unaware and residual 
elements is very valuable in all anal 3 ^s. The chemist 
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usually reports only those elements or analyses specified, 
while the spectrographo* records all elements present in 
addition to those required or suspected. 

The spectrographic methods are not as satisfactory as 
chemical methods for: 

1. Analysis of certain of the nonmetal elements such 
as oxygen, nitrogen, chlorine or sulphur. 

2. Certain analyses can be carried out more quickly 
and more accurately by chemical or colorimetric methods. 

3. Some quantitative determinations of elements 
that occur in very high concentrations. 

4. There are only a few widely acknowledged spectro¬ 
graphic standard samples available at present. The 
kinds and types are limited and additions to them are a 
slow process. 


Discussion 

In this discussion, spectro-chemical analysis will be 
considered as an improved step in the inspection of all 
raw materials, principally metals in various forms, for 
fabrication, such as castings, foigings, bar and plate 
stock, weldrod wire and weld metal. These analyses are 
made to determine the conformity of their chemical com¬ 
positions with the requirements of purchase and selling 
specifications. Such an inspection step and procedure 
^ould be simple, routine and capable of wide application 
in a manner similar to other physical testing tools. 



Fig. 14—Radiograph oi a Sound Weld Rejected Because oi an 
O^que Occlukon Identified Spectiographically as Tungsten 
Carbide from a Broken Tool Bit. Correctina Type and Shape 
of Bits and Machining Operations Eliminated These Rejections 
and Increased Tool Life 


Let us look at the immensity of the job for a moment: 
according to a recent publication an average of 1,106,850 
tons of various kinds of plate steel are produced and 
fabricated each month in the United States. Probably a 
better measure in line with the present consideration is 
the consumption of welding electrodes which jumped 
fivefold from 200,000,000 lb. in 1940, to 1,000,000,000 lb. 
in 1943. In other words there were approximately 8 lb. 
of welding electrodes and 200 lb. of plate steel pn^uced 
annually for every person in the United States since 
1942, through V-Eday in 1945 (1940 census 131,669,275). 
By comparison, the quantitative spectrochemical de¬ 
terminations made by our laboratory increased threefold, 
over the same period. This does not include the many 
special determinations made for development work. 

The present war has placed a tremendous responsibility 
on all industry. The field of steel fabrication with its 
great variety of weldments has been enlarged to such a 
great extent that the need for controls to assure that the 
weldrods used are consistent with the materials to be 
fabricated has never been more important than today. 



Fig. 15—Intergranular Penetxator; Identified ae Being Lead' 
Tin Solder by the Spectrograph: Also Silicate Inclusiona 

Penetration occurred during soldering OF>eration on low-alloj 
steel. ICXX) X. 

There has been a tendency to discard procedures of in¬ 
spection unless the application of these procedures in no 
way delays production, therefore, to comply with the 
speed of production with less man power and unskilled 
personnel, the analytical procedure necessarily has had ic 
keep in stride. The spectrograph meets the requirements 
of such an analytical inspection tool. Routine spectro¬ 
chemical analysis can be a predetermined "beltline' * 
procedure so simple and mechanical that laboratory 
assistants can safely be entrusted with the routine pro¬ 
cedure leaving the interpretation of the spectrograms to 
be done by the analyst. The simplified mechanical and 
physical methods of spectrography tending toward 
greater si>eed at lower costs make it especially valuable to 
industry. The trend therefore is from wet chemical 
analytical methods to spectrochemical techniques. 

The A. O. Smith Corp. of Milwaukee, Wis., has em¬ 
ployed the use of a spectrograph as a research and 
an^ytical inspection tool continuously since 1928. To 
meet the increasing demand for the analytical control o: 
vital steel products, weldrods and weldments, another 
spectrographic laboratory was equipped and in operation 
by June 1942. The spectrographic applications are 
widening rapidly in conjunction with the close coopera¬ 
tion with the other laboratories. The number of de- 



Fig. 16—Crosa Sectioo of a Silicon Imprognation Dno to CaDtod 
with Silicon Carbide Brick at Forging Temperature*. Verified 
a* High Silicon by the Spectrograph. 100 X 
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Table 1—Conditions of Excitation and Developing 


SOURCB 

I. 

Hi 

III. 

InstruMnt 

Bauseh ft Loab sad the Adaa Silcer Large Littroe Spactrograph 

Source 

Sperk 

A. C. Are 

D. C. Arc 

VoltAfa 

35,000 V. 

2500 Peek 

5000 Peak 

220 V. D.C. 

Po««r 

Induction 

CapaclUne* 

2/3 and 4/3 KVA 

Nil and .045 ah. 

0.007 afd. 

4.0 Aaps, 

2.5 Aaps. 

4-8 -I5 Aaps 

Gap 

2.5 ■«. 

1.5 nr.. 

To aalntaln 


2.0 ica. 

4-8-15 Aap^ 

Upper Blectroda 

90^* inclined 

90® Included 

Pointed 20® angle 

i”Dlaa.R.P. rode 

angle* 

angle* 

Chisel 

Carboe or Graphite 

Cone 

Cone 

Cone 90® angle 

Loeer Electrode 

* Flat Surfeee 

• Flat Surface 

Solids or Powders 

f’Dlaa. H.P. rods 
Carbon or Graphite 

wire ft briquettes 

wire ft briquettes 

In cups 

Slit Width 

0.020 tm. 

0.020 B. 

0.010 nn. 

Source to allt distance 35 ca. 

35 CB. 

70 OBs 

Pre-burn / Brpoaure 

20 / 14 and 

- / 30 and 

Verles 

eeeondt seconds 

30 / 20 

5/90 

5 to 120 seconds 

Beulalen 

8.A. Wo. 1 

S.A. Wo. I 

S.A. No. I 

Davelopar 

Dev. Ilae. Teap. 


D-I9 . 

D-I9 

3 aln. at 70® F. 

3 min. at 70® P. 

3 Bln. 70‘'F. . 

Short step 

Acetic eeld solution 

Acetic eeld solu. 

Aeetlo acid solu. 

Plxar 

X-rey 

X-ray 

X-ray 


Upper end Icwer electrode Interehenceeble dependlDS upon technique. 
A. R. L.-DZSTERT A.C. Sperk end Are Sourcei. 


terminations made, the speed and accuracies obtained 
have fulfilled the production requirements. The problems 
of the fabricators’ laboratory are somewhat more com¬ 
plex than those confronting the metal producer. In the 
metal producers’ laboratories, such as the steel mills, 
ferrous and nonferrous foundries and secondary smelters, 
the control analyses are on metals of close similarity in 


composition. The samples are usually 
of the same size, form and metallurgi¬ 
cal history. The procedure is routine 
with no great changes from hour to 
hour or day to day. However, in the 
spectrographic laboratory of the A. O. 
Smith Corp., the demand for the type 
and kind of analysis varies consider¬ 
ably. The samples are not of the 
same size, form and metallurgical his¬ 
tory. During the course of a day, 
analyses are made on carbon and low- 
alloy steels, having narrow specifica¬ 
tion limits with a considerable num¬ 
ber of elements falling in the higher 
percentage ranges. Stainless steel, 
nonferrous and nonmetallic analyses, 
are also made. Therefore, in com¬ 
parison, the fabricators’ laboratory 
requires greater flexibility. 

The sample preparation equipment, 
illustrated in Figs. 7 and 8 include a 
cut-off wheel, belt sander and motor- 
driven grinders. A special motor- 
driven cutter is employed to prepare 
' -r counter or opposing electrodes of car¬ 

bon, graphite and steel. Milled chips 
of metallic materials and powders of nonmetallic ma¬ 
terials are compressed into briquettes or pellets with the 
aid of hydraulic press. 

The means of sample excitation include a high-voltage 
interrupted spark source of recent design with sealM 
condenser plates; a high-voltage a.-c. arc source and a 
d.-c. arc source. These are illustrated in Fig. 9. 


Tftbl* 2 Spaotral IdnM Zhnplojr*d for Various Elsmsnts with Psrcsntags Rangss and Sourca 


Unknown Reference 

Ranee 


Method 

Unknown 

?\eference 

Range 

Method 

Line Line 

Percent 


Line 

-Line_ 

Percent 


Mn. 

2933.06 Fe 2Q31.60 

.05 - 

.20 

1 

Uo. 

3170.35 

Fe 

3207.09 

.002 - .02 

II 

Kn. 

2933.06 Fe 2<536.91 

.20 - 

.45 

I 

Uo. 

2816.15 

Fe 

2815.51 

.02 - .15 

II 

Mn. 

2933.06 Fe 2897.26 

.45 - 

.65 

I 

Mo. 

2775.40 

Fe 

2776.18 

.15 - 0.60 

I 

?in. 

2558.59 Fe 2553.73 

.65 - 

2.00 

I 

Mo. 

2775.40 

Fe 

2770.51 

.50 - 2.00 

I 

Mn. 

34'0.57 Fe 3488.68 

2.00 - 

5.50 

1 

Uo. 

2644,35 

Fe 

2649.46 

2.00 - 6.50 

I 

SI. 

2381.58 Fe 2885.35 

.002- 

0.015 

II 

Cu. 

3273.96 

Fe 

3277,35 

.04 - .20 

I 

SI. 

2881.58 Fe 2886 .32 

. 015 - 

0.10 

II 

Cu. 

3273.96 

Fe 

3286.76 

.20 - .50 

I 

SI. 

2831.58 Fe 2874.17 

.10 - 

.70 

I 












Sn. 

3175.02 

Fe 

3157.04 

.003 - .01 

II 

Ni. 

3414.77 Fe 3431.81 

.01 - 

.50 

II 

Sn. 

3034.12 

Fe 

3012.45 

.01 - .03 

II 

Ni. 

3414.77 Fe 3476.00 

.50 - 

2.00 

I 

Sn. 

2839.99 

Fe 

2848.72 

.03 - .10 

II 

Nl. 

3515.r5 Fe 3513.82 

2.00 - 

6.00 

I 

Sn. 

3330.59 

Fe 

3331.61 

.10 - .20 

II 

Mi. 

3510.34 Fe 3497.84 

8.00 

20.00 

I 







Ml. 

^ 391.05 Fe 3407.46 

20.00 - 

40.00 

I 

Al. 

3082.16 

Fe 

3080.11 

.004 - .03 

II 






Al. 

3082.16 

Fe 

3053.44 

.03 - .30 

II 

Cr. 

3593.49 Fe 3612.07 

. 005 - 

.40 

II 

Al. 

3082.16 

Fe 

3075.72 

.80 -2.00 

I 

Cr. 

3408.76 Fe 3413.10 

.40 - 

2.00 

I 







Cr. 

3408.76 Fe 3407.46 

2.00 - 

8.00 

I 

W . 

4008.75 

Fe 

3996.97 0.05 -0.10 

II 

Cr. 

3391.43 Fe 3407.46 

8.00 

20.00 

I 

W . 

4008.75 

Fe 

4016.43 

.10 ^ .25 

II 






fi . 

2656.54 

Fe 

2656.15 

.25 -2.00 

II 

V . 

3185.40 Fe 3207.09 

. 005 - 

.02 

II 


2397.09 

Fe 

2415.06 

2.00 - 5.00 

I 

V . 

3119.71 Fe 3106.56 

.02 - 

.10 

I 

w . 

2438.77 

Fe 

2472,43 

5.00 -9.00 

I 

V . 

3110.71 Fe 3075.72 

.10 - 

.40 

I 







V . 

3130.29 Fe 3075.72 

.40 - 

1.50 

I 

Ti. 

3371.45 

Fe 

3389.75 

.004 - .04 

II 


* 




Ti. 

3371.45 

Fe 

3387.41 

0.04 - 0 .O 7 

II 

B . 

2496.78 Fe 2505.01 

.002- 

.008 

II 







B . 

2496.78 Fe 2496.99 

. 008 - 

.04 

II 

Pb. 

2203 . 5 ! 

Fe 

2196.04 

.08 - .40 

III 






Pb. 

2614.10 

Fe 

2698.10 

.01 - .15 

III 

Bl. 

3067.72 Cu 3088.13 

0.0003 

- 0.0007 

III 

Pb. 

2873.32 

Cu 

3088.13 0.02 - .20 

III 

Bl. 

3067.72 Cu 3116.35 

.0007 

- .0015 

III 

Pb. 

2873.32 

Cu 

3073.80 

.20 -1.00 

III 

61. 

3067.72 Cu 3073.80 

.0015 

- .006 

III 












Co. 

2414.46 

Fe 

2422.68 

.03 - .30 

II 

Cb. 

3263.36 Fe 3277.35 

..02 

- 1.30 

I 












Sn. 

2850.62 

Cu 

3038,13 

.02 - .40 

III 

I - 

> Spark, II A.C. 

Arc, III — D.C 

.Arc 

Sn. 

2850.62 

Cu 

3073.80 

.40 1.00 

III 


1945 
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Tabl« 3—Typical Wire Axialyaia 


ing stands are employed to accommo¬ 
date the large variety of spectrographic 


8—Pis So. 

type of inalTplp 

HOft 


SCi. 


dlj. 


Ca. 

samples. 

4597 • 1 

Chmlcal 

.52 

.23 

.53 

1.60 

•028 

.25 

.040 

These spectrograms are processed in 
a special dark room. The equipment. 

• 2 

Spectrogranhle 

.51 

.27 

.55 

1.86 

.025 

.26 

.0375 

illustrated in Fig. 10, consists of a 

- 3 


.51 

.277 

.53 

1«82 

•026 

.2*6 

.036 

mechanically agitated developing ma¬ 

- 4 

« 

.51 

.274 

.53 

1.94 

.0265 

.235 

.0365 

chine, with jacketed trays for developer, 
short stop and fixing solutions in w^d 

- 5 

• 

.505 

.258 

.52 

1.8 

.0255 

.246 

.036 

plates are processed under time and 

. 6 

m 

.51 

.27 

.547 

1.92 

.026 

.2*3 

.03*0 

temperature control. A rapid plate 

- 7 

> 8 

• 

.515 

.27 

.53 

1.86 

.0245 

.246 

.0365 

washer and dryer are used. Unexposed 
spectrographic plates and photographic 

■ 

.495 

.27 

.52 

1.98 

.025 

.2*6 

.036 

materials are stored in a refrigeraioi 

- 9 

H 

.53 

.274 

.50 

1.82 

.026 

.250 

.0325 

at 60° F. 

- 10 

- 11 

II 

.475 

.51 

.258 

.53 

1.85 

.0265 

.243 

.03*0 

The calculating room, illustrated in 
Fig. 11, contains a comparator densi¬ 

■ 

.265 

.53 

1.98 

.026 

.2*6 

.0355 

tometer with an electronic voltage regu¬ 

> 12 

19 

.515 

.248 

.53 

1.90 

.0258 

,2*6 

.0355 

lator, calculating board and machine. 

- 13 

• 

.485 

.282 

.51 

1.80 

.0265 

.250 

.036 

spectrum plate viewing boxes and sepa¬ 

- 14 

« 

.505 

.27* 

.52 

1.82 

.026 

.250 

.0365 

rate spectrum comparator and projec¬ 
tor. 


Two large Littrow spectrographs also shown in Fig. 9, 
with inter^angeable quartz and glass optics covering a 
range from 2000 to 10,000 angstrom imits (10“* cm.) are 
employed. Other accessories include a large spec¬ 
trometer, a lOw-voltage spark source, a magnetic shutter 
and timer and assorted disk sectors. Several illuminat- 


Comprehensive investigations have 
caused the purchase of a separate 
constant power source, and separate air conditioning 
equipment. A s)mchronous motor-driven generator 
now supplies constant power to the excitation units. 
A complete air conditioning unit maintains a dn 
bulb temperature at 74° F. with a 48% relative 
humidity. 


Table 4^Typical Stock and Wald Analyaia, Chamical vs. Spaotrographic Results 


KIND 

LASOHATORY AND WTflOV 

1^. 

21a 

S£j. 


Jjo*. 

Y. 

QU 

Stock 

Ind. Chemical 

0.66 

0.25 

0.75 

1.72 

0.30 

0.17 

0.02 


A. 0. Smith Chemical 

.69 

.27 

.79 

1.80 

.31 

.18 

.03 


A. 0. S. Spectrographic 


.24 

.79 

1.78 

.31 

.19 

.03 


A. 0. S. Spectrographic 

.66 

.24 

.79 

1.77 

.32 

.18 

.03 


Ihg. Spectrographic 

.68 

.25 

.77 

1.89 

.27 



W«ld 

Ind. (Hienilcal 

.53 

.29 

-35 

1.81 

•Z® 

.16 



A. 0. Smith Chemical 

.52 

.24 

.35 

1.7? 


.15 



A. 0. S. Spectrographic 

.53 

.24 

.33 

1.78 

.81 

•15 



A. 0. S. Spectrographic 

.54 

.26 

.32 

1.80 

,82 

.16 



Ihg. Spectrographic 

Not Reported 






Stock 

Ind. Chemical 

.65 

.23 

. 

00 

0 

1.72 

.29 

.16 

.02^ 


A. 0. Smith Chemical 

.67 

.24 

.84 

1.75 

,30 

.17 

,o?5 


A. 0. S. Spectrographic 

.65 

.23 


1.74 

.31 

•^Z 

-.03 


A. 0. S. Spectrographic 


.24 

.85 

1,76 

.32 

.18 

.03 


Igh Spectrographic 

.66 

.24 

.82 

1.74 

.27 



Weld 

Ind. Chemical 

-51 

.28 

.36 

1.78 

.87 

.14 



A« 0. Smith Chemical 

.52 

.24 

.36 

1.78 

.83 




A. 0. S. Spectrograrhlc 

.56 

.25 

.41 

1.78 

.82 

.15 



A. 0. S. Spectrographic 

.58 

,26 

.42 

1.77 

.80 

.14 



Igh. Spectrographic 

.63 

.25 

.44 

1.70 

.67 



Stock 

Ind. Chemical 

.77 

.26 

.73 

1.73 

.30 

.16 

. 03 ^ 


A. 0. Smith Chemical 

.78 

.27 

.84 

1.75 


.18 

.035 


A. 0. S. Spectrographic 

.76 

.25 

.78 

1,72 

.32 

.17 

.04 


A. 0. S. Spectrographic 

.80 

.27 

.84 


.31 

.19 

.03 


Igh. Spectrographic 

.76- 

.26 

-73 

1.80 

.27 



Weld 

Ind. Chemical 

.51 

.29 

.37 

1.78 

.88 

.14 



A. 0. Smith Chemical 

.50 

•2? 


1.77 

.81 

.15 



A. 0. S. Spectrographic 

.60 

.28 

.38 

1.75 

.80 

.15 



A. 0. S. Spectrographic 

.58 


.37 

1.74 

•zz 

.14 



Igh. Speetrog»*aphlc 

.60 

.28 

.40 

1.71 

.69 




Ind. - Independent Chemical Laboratory Results 

Igh, - Independent Spectrographic Laboratory Results (Grating) 
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Tabu S—Typical StaixUasa Staal AnalyaU 


TTPICAT PTftt 


fifpf ffOi 


SamPlt 

Mn. 


Cf. 

in. 


£2^ 


Shj . 

405 


Vender 

.44 

.41 

12.09 

.26 

.27 

.03 

• 

. 


-1 

Chaalnl 

.42 

•3^ 

12.19 

.19 

•25 

.04 

• 



-3 

6p«ctro« 

.4? 

.35 

12.40 

.15 

.26 

.04 

• 



-3 

m 

.43 

.34 

12.60 

.18. 

.24 

.03 

. 

- 



m 

.43 

.3? 

12.28 

.17 

.25 

.04 

- 

- 

347 


Vander 

1.24 

.59 

18.36 

11.12 

.14 

.18 


1.09 


.1 

Chaaleal 

l.?5 

.51 

18.43 

11.16 

.15 

.15 


1.03 



Spectre. 

1.30 

.49 

18.80 

10.90 

.11 

.12 

_ 

.99 


-3 

m 

1.2P 

.52 

18.60 

11.70 

.13 

.13 

. 

1.05 



m 

1.96 

.53 

18.50 

10.70 

.10 

.14 

- 

1.02 

31^ 


Vendor 

1.61 

.43 

17.60 

13.65 

Kll 

2.20 




>1 

Chanieal 

1.81 

.42 

17.58 

13.51 


2.30 


• 


.2 

Spectre. 

1.72 

.39 

18.21 

12.90 

.02 

2.26 


• 


-3 

m 

1.80 

.40 

17.80 

13.42 

.02 

2.30 


• 




1.73 

.41 

16.32 

13.79 

.025 

2.28 

- 

- 

405 ' 


Tender 

.25 

.35 

12.34 

12.60 

.10 

.25 





-1 

CheBleal 

.28 

.30 

.12 

.23 

_ 

.17 

• 


-? 

Spectre. 

•30 

.33 

13.00 

.15 

.25 

.02 




-3 

N 

.28 

.32 

12.81 

.12 

.24 

.02 

• 


•4 


.30 

.33 

13.23 

.13 

.25 

.03 

.16 
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Tabu 6—Typical AnalyaU o£ Haat*Rasiating Staal 


84MPIX 

TTPB CP ANAlXSia Mb. 

Oe. 

Sis. 

Sis... 



# 12442 '▼•ader 

.60 

l.OC 

17.00 

37.00 




Speetro. 

.57 

l.io 

16.89 

34.88 

.19 



Sp*ctro. 


1.08 

16.75 

16.36 

S:ll 

.19 



Ctsaaleal 

.53 

1.01 


- 

1389 

Tpador 






= 

Speetro. 

.58 

■M 

.82 

15.45 

34.20 

.02 

.04 


Speetro. 

CMBleel 


15.52 

16.00 

34.30 

34.80 

.03 

.04 

662 

Teodor 

.55 

1.00 

16.00 

35.00 




Spoctro. 

.52 

1.02 

15.84 

29.50 


.60 


6peetro. 

.54 

1.04 

15.66 

29.10 


.61 


Choaletl 

- 

- 

- 

• 

- 


Line 

Pairs 

Mn.2558 S1.2e92 

rs.jcT? PS.5o75 


Caaa74 1102779 

fSTW Po3575 


graphic laboratories, one employing a 
Grating and the other a Prism instru¬ 
ment, and two separate chemical labo¬ 
ratories. Tables 5, 6, 7, 8 and 9, give 
the spectrographic results in compari¬ 
son with those obtained by our chemi¬ 
cal laboratory and the vendor. These 
analyses were made on several types of 
stainless steel, heat resisting steel, 
chrome nickel bronze, beryllium cop¬ 
per and aluminum bronze. 

Besides the many regular daily rou¬ 
tine spectrochemical an^yses, spectrog- 
raphy is applied to an endless number 
of chemical and metallurgical research 
and production problems. This broad 
utilization is possible by coordination 
through the other laboratories. A r^- 
sum^ of such “trouble shooting” ap¬ 
plications include briefly: 

A. Excessive hardness or softness, 
hot shortness, improper duc¬ 
tility and variations in physi¬ 
cal qualities. 

B. Causes for accelerated corrosion, intergranular 

corrosion and cracking. 

C. Identification of mixed steel, dirty steel, inclu¬ 

sions and residuals and failure to meet or pass 
inspection and specification requirements not 


Tabu 8—Typical Beryllitun-Coppar AnalyaU 


Tabu 7—Tjrpical Chroma-Nickal-Bronaa AnadyaU 


SAUELL TYPE OP JlM/tLYSTS Cp,. 

AU 

Si. 

Cu. 


13527 Vendor 

1.00 

3.80 

.35 

94.85 


Spoctro. 

.92 

3.75 

.34 

94.27 

0.72 

Spoctro. 

.94 

3-72 

.35 

94-30 

0.62 

Choalcol 

.98 

3.75 

.36 

94.91 


13528 Vendor 

1.00 

3.30 

.36 

94.84 


Spoctro. 

1.00 

3.90 

.40 

94.28 

0.42 

Spoctro. 

1.01 


.39 

94.34 

0.32 

Chomlcol 

.98 

3.88 

.39 

94.75 


16791' Vondor 

1.00 

4‘00 

.40 

94.60 


Spoctro. 

1.01 

3.93 

.39 

94.25 

0.37 

Spoctro. 

.<>9 

4.02 

.40 

94.20 

0.39 

Cboalcal 

1.01 

3.90 

.39 

94.80 


Lino Pairs 

cr.t4ao 

ctrfta. 

W 

1 

S12662 Cu2824.^7 



SAglifi] TYPI cr «Mii.vsTS 

6580 Vondor 

Spoctro. 

Spoctro. 

Chonlcal 

fiSb 

.50 

.41 

.41 

.43 

Co. 

2.50 

97.00 

96.60 

96.52 

96.69 

BPIPVAI 

.05 

.06 

Sis 

3075 

Vendor 

Spoctro. 

Spectre. 

Choalcol 


.16 

.18 

.20 

1.00 

1.05 

.99 

98T41 

98.38 

98.81 

It. 

Tr. 

0.40 

0.38 

4094 

Vendor 
Spoctro. 
Spec tro. 
Chonlcal 


.12 

Nil 

Nil 

99.90 

99.40 

99.37 

99.82 

Tr. 

Ir. 

0.45 

6,48 

5833 

Vendor 

Spoctro. 

Spoctro. 

ChoBicol 


.50 

.55 

2.40 

2.75 

2.70 

2.80 

97.10 

96.69 

96.73 

96.65 

tr. 

Tr. 

- 

Line 

Pair* 

Bo 

.2650 C 

n.^*n5 







Tabu 9—Typical Aluminum Bronaa AnalyaU 


Summary 

Some spectrochemical results obtained are illustrated 
herewith. 

The excitation and developing conditions are given in 
Table 1. Spectral lines of various elements with the 
recommended ranges and sources used are given in Table 
2. Table 3 gives the comparative results of chemical and 
sp^trographic determinations obtained on 14 individual 
coils of welding electrode wire, representing the same 
heat. Table 4 shows the comparisons of analyses ob¬ 
tained on the same samples, by two independent spectro- 
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3.60 
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12523 
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Spectre* 
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85,45 

0.49 
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3.70 
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0.43 


Cbealcel 

9.90 

3.35 

86.00 
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10.45 

4.10 

85.45 



Spoctro. 

10.35 

4.36 

85.20 

Tr. 


Speetro. 

Cnoaleal 

10.35 


85.15 

Tr. 


10.70 

86.75 

i 

12525 

Vendor 

10.41 


85.60 


8|)eetro. 

10.31 
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0.19 


Spectre. 

10.40 

4.00 

85.35 
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10.79 
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Spectre. 
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U:l? 



Spectre. 

9.96 

3.89 

Nll/tr 


Spectre. 

10.05 

3.80 

86.20 ■ 

Nll/Tr 


Ctiealeal 

10.10 

3.90 

66.00 


Line Pair* 


By 

dlfforonce 


1945 


SPECTROSCOPY APPLIED TO METAU 

Digitized by 


Google 


871-6 



mentioned above, such as electrical resistivity, 
stress, magnaflux and X-ray. The photographs 
shown in Figs. 12 to 16, indusive, are examples 
of trouble-shooting applications. 

Residual elements and inclusions are on the increase at 
present, and in all probability will continue to increase 
when the close scrutiny of war inspection .departments is 
removed. The contamination of carbon steel scrap with 
alloy scrap is becoming more serious. Dealers and pro¬ 
ducers seem to be unwilling to make prpper segregation 
or maintain large inventories. The pressure to keep alloy 
steel scrap moving back to the steel mills has also re¬ 
sulted in an increase in the mixture of these grades. 
Some alloy sted scrap is marketed below carbon steel 
scrap prices thus losing the incentive of maintaining 
proper segregation. There is a need for regulations in 
listing the residual elements in the vendors’ products. 

The control of such elements as titanium, tantalum, 
arsenic, antimony, zinc, cadmium, bismuth, boron, 
beryllium, zirconium, cobalt, columbium, lead, tin and 
tungsten and others for their effects on welding will re¬ 
quire close observation. The spectrographic methods of 


analysis are admirably fitted to fill these requirements. 
It should be recognized that the spectrograph has appli¬ 
cations other than those associated with war production 
and the conservation of strategic alloys. The postwar 
p^od will in all probability be one of a highly competi¬ 
tive market, with ^en doser tolerances and finer dis¬ 
tinctions than now prevail. The increased utility of the 
spectrograph in research, product devdopment and 
manufacture control is rapidly becoming more valuable. 
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PREDOCTORAL FELLOWSHIPS IN THE 
NATURAL SCIENCES 

The National Research Council an¬ 
nounces that it is now ready to receive 
nominations and applications for the pre- 
doctoral fellowships in the natural (i.e., 
mathematical, physical and biological) 
sciences which it is administering under a 
grant from the Rockefeller Foundation. 
These fellowships are intended to assist 
young men and women, whose graduate 
study hflg been prevented or interrupted 
by the war, to complete their work for the 
doctorate. It is hoped that these fellow¬ 
ships will do much to accelerate the re¬ 
covery of the scientific vigor and compe¬ 
tence of the country which is so seriously 
threatened by the loss of almost two gradu¬ 
ate school generations of scientifically 
trained men and women. 

This program will be administered by a 
Committee on Predoctoral Fellowships of 
the National Research Cotmcil whose 
members are Henry A. Barton, Charles 


W. Bray, Detlev W. Bronk, Luther P. 
Eisenhait, Ross G. Harrison (Chairman, 
National Research Council, ex officio), 
W. A. Noyes, Jr., and John T. Tate, 
chairman; Enid Hannaford, secretary. 

The annual stipend will be $1200 for 
single persons and $1800 for married men. 
In general it is expected that each recipient 
will spend at least eleven months per year 
on academic work. An additional allow¬ 
ance up to $500 per year will be made for 
tuition and fees. Fellowships granted to 
individuals who are eligible for educational 
support from the “G.I. Bill of Rights” 
will be at such stipends as to bring the total 
income from these two sources to that 
which would be received at the above rates. 

Each fellow, before entering on his 
graduate studies, will submit for review by 
the Committee on Predoctoral Fellowships 
a schedule, approved by the dean of his 
graduate school, for the completion of his 
work for the doctorate. Thb schedule, as 
approved by the committee, will constitute 
an informal agreement upon the basis of 


which stipend payments will be made. At 
the discretion of the university concerned 
the fellowship stipend may be supple¬ 
mented by university grants. All suck 
supplementary sources of income should 
be made a matter of record with the com¬ 
mittee. The progress of the fellows wili 
be subject to periodic review by the cmo- 
mittee which reserves the right to cancel 
fellowships when in their judgment sati<- 
factory progress is not being maintained 
Prospective candidates for these feUcnr- 
ships are urged to apply at once em 
though they may be unable to undertake 
their graduate study in the immediate 
future. Information concerning these 
fellowships and Nomination-Applkatior 
blanks are being mailed out widely u 
graduate schools and wartime research 
laboratories. They may also be obtained 
by writing directly to the Secretary, Com¬ 
mittee on Predoctoral Fellowships, Na¬ 
tional Research Council, 2101 Ccmstitu- 
tion Ave., N. W., Washington 25, D. C. 




Weldability Tests ofj^Cast Steels* 

By Frank S. McKennat and Clarence E. Jackson^ 


Abstract 

The great increase in the use of welding in steel foundries has 
necessitated the development of methods for evaluating the weld¬ 
ability of cast steels. The T-bend and nick-bend tests are recom¬ 
mended as direct quantitative tests for determining the effect of 
changes in welding technique and heat treatment on the ductility 
of cast steels and for indicating the relative weldability of cast 
steels of any composition. A stress-relief anneal subsequent to 
welding, in general, greatly improves the wdd ductility; preheat is 
necessary to prevent under-bead cracking in certain compositions 
of cast steel. 

T he war effort has greatly increased the demand 
for welding in the repair and fabrication of steel 
castings. Before the advent of coated electrodes 
the repair of a casting by welding was usually consid¬ 
ered bad practice and was only permitted on second 
grade castings; a repaired casting was usually viewed 
with suspicion. It h^ been a slow process to overcome 
this feeling, but welding techniques have been improved 
so much that for the past few years a casting properly 
repaired by welding is considered satisfactory. At the 
present time the metallic arc process is used more widely 
in the steel foundry than any other process. The main 
application has been the repair of defective castings, al¬ 
though the joining of two or more castings into a larger 
structure known as the "cast-weld” technique, has found 
increasing favor. The use of composite imits fabricated 
by welding cast steel to rolled steel has often expedited 
production. In the past ten years a large number of 
items have been converted from steel castings to welded 
structures in order to relieve bottlenecks in foundry 
production and often the enthusiasm of the welding en¬ 
gineer created a desire to convert nearly all castings to 
weldments. There are, however, a number of engineers 
in both the casting and the welding fields who appreciate 
the economy of composite fabricated structures using a 
combination of castings or of castings and wrought 
plate. The latter is particularly expedient because the 
casting of a flat plate is one of the most troublesome 
problems encountered in the foundry and the fabrication 
of an intricate substructure is uneconomical in the weld¬ 
ing shop. 

Wellauer has pointed out some interesting production 
comparisons of the mechanical properties of roUed, forged 
and cast steel.' He has shown that for a given hardness 
as a basis of comparison the tensile strengths are iden¬ 
tical. There is some scatter in the yield strengths al¬ 
though they compare favorably. The ductility of the 
rolled or forged steels is higher when measured in the 
longitudinal direction; however, the ductility of sound 
cast steel is often superior to that of rolled or forged 
steels when measured in the transverse direction. O^er 
metallurgical properties such as hardenability and grain 
size are almost identical. In general, most authorities 
agree that cast steels have the same degree of welda- 

* Presented at 26th Annual Meeting of the American Wbldino Socibty, 
Cleveland, Oct. 1&-19. 1944. This paper presents only the personal opinions 
of the authors and in no way reflects the official attitude of the U. S. Navy. 
Published by permission of Navy Department. 

t Division of Physical Metallurgy, Naval Research Laboratory, Aoacoatla 
Station. Washington 20, D. C. 



Fig. 1—Bead Weld Section (4 X) 


bility as rolled steels of the same composition and grain 
size. Since castings are usually higher in carbon content 
than wrought ste^, and since high carbon affects weld¬ 
ability adversely it often has been found desirable to 
employ special precautions in the welding of steel castings. 

In order to fully appreciate the mech^ism of welding 
a steel casting it is desirable to examine briefly what 
happens in the simplest case of a bead weld on plate 
(Fig. 1). A panoramic photomicrograph through the 
fusion and heat-affected zones of a bead weld is shown 
in Fig. 2. Across the heat-affected zone of the bead 
weld exists a range of heat-treated material. At the 
weld metal-parent metal interface the material has been 
heated to the melting point of the steel and cooled rapidly 
(quenched) through the austenitic range by the surround¬ 
ing metal (Fig. 3). The very coarse structure just below 
the weld metal-parent metal interface is in a condition 
typical of overheated steel. The grain growth is great¬ 
est just below the fusion line and becomes progressively 
less as the maximum temperature attained decreases 
toward At. 

It is to be emphasized that in the heat-affected zone 
of the parent metal adjacent to the weld, the maximum 
temperature attained and the rate of cooling at any 
point determine the final structure product. The 
further the point is from the fusion line the less its tem¬ 
perature varies from the ambient temperature. This 
in turn controls those metallurgical effects which depend 
upon the rate of cooling. The use of preheat, postheat 
and multiple bead deposits will affect the structures exist¬ 
ing in the heat-affected zone only in so far as the thermal 
cycles through which they pass are affected. The im¬ 
portant point to recognize in the effects of welding on 
steel is that the drastic thermal cycle at the fusion line 
produces a hard zone with large grains and low ductility 
(Fig. 4). It is considered that in making a weld joint, 
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Fig. 2—Panoreona Through the Fusion Zone of a Weld (50 X) 


the conditions accompan 3 dng the first bead usually sub¬ 
ject the parent metal to the most drastic of thermal and 
metallurgical changes; if the material is capable of with¬ 
standing the shock of the first bead without damage, a 
successful weld is possible. 

There have been a large number of methods suggested 
for evaluating weldability, many of which have been in¬ 
direct and only qualitative. The evaluation of the rela¬ 
tive weldability of steels, either cast or wrought, consists 
of subjecting the material to the temperature cycle 
involved in welding and then evaluating the ductility of 
the resulting structures. The thermal cycle may be ob¬ 
tained by an actual welding operation and the ductility 
of the resulting weldment determined directly or the 
effect of the welding temperatures may be simulated by 
subjecting test pieces to special heat-treatment routines. 
Indirect method of evaluating weldability may include 
a microscopic examination of structures, a hardness 
survey across the heat-affected zone, a hardenability 
test, or even physical tests and limits of chemical com¬ 
positions—chiefly because of the dependence of ductility 
upon these factors. The confusion regarding testing for 
weldability will continue until there is a more general 
understanding that indirect methods can only be quali¬ 
tative in their evaluation of ductility and that direct 
quantitative measurements using actual welding are 
necessary. 


Statement of Problem 

It is the piupose of this investigation (1) to examine 
some of the factors which affect the weldability of cast 
steels; (2) to check the performance on cast steels of a 
number of the most promising test methods selected 
from the wrought field. 


Materials and Tests Performed 

Steel castings covering a wide range of chemical com¬ 
positions were used in the tests reported herein (Table 1). 
Weldability tests such as T-bend, nick-bend, under- 
bead craclang and a limited number of tensile tests were 
performed. 


Properties of Rolled and Cast Steels 

In order to compare the properties of cast and rolled 
steels of the same analysis, two heats were melted and 
five cast plates {*/i in. thickness) and one ingot were 
poured from each. The ingot was forged and hot roUed 
to Vj in. thickness and the cast plates were shaped to ' • 
in. All plates were normalized and the tensile proper¬ 
ties were determined (Table 2). The yield and tensile 
strengths for the cast and rolled plates are similar. The 
ductility of the cast steel, however, is considerably 
lower than that observed for the wrought steel. Al¬ 
though only a limited number of tensile tests are re¬ 
ported in this investigation, these data confirm the con¬ 
clusion of Wellauer.* A few additional tensUe results 
for cast steels used in this investigation are also repxuted 
in Table 2. 
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Fig. 4—Enlarged Grains in Heat-Aifected Zone of a Bead Weld (100 X) 


T-Bend Test for Weldability of Cast Steel 

Tests were performed using the Navy T-bend type 
of specimen* in which a section of a T-weldment is bent 
in a special jig (Fig. 5). The angle to which the speci¬ 
men t^ds at maximum load in the T-bend test is an in¬ 
dication of its ductility. Steels 35, 38 and 39, were cast 
in T-sections and the fillets were either cast integrally 
or added by metallic arc welding. Figure 6 shows both 
types of specimens. The cast fillet specimens were com¬ 
pared with welded fillet specimens tested as-welded, as- 
normalized, or with a stress-relief anneal treatment 
(Table 3). From these tests it is evident that for all 
■conditions of heat treatment the specimens tested in the 
.as-welded condition have considerably lower ductility 
than those with the cast fillet. Welding after normaliz¬ 
ing from 1650° F. improves the specimens tested in the 



Fig. 5—Bending a T-Band Specimen 
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Table l~<lheznioal Composition o£ Cast Steel Used in This 
Study, Per Cent 
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0.56 





006 



3 « 

0.21 

0.71 

0.90 





OOl 



39 

0.24 

0.74 

0.54 





0 J 6 



3 M 

0.26 

0.73 

0.42 

0.026 

0.027 

0 .U 

0.16 

0 .Q 

0.06 

.,.1 . 

30 

0.31 

0.63 

0.31 

0.022 

0.069 

0 J 7 

0.26 

0.01 

0.06 

0.06 

o « 

0.34 

1.00 

0.56 

0.005 

0.024 

0.29 

0.99 

0.26 

0 .U 

0.06 

07 

0.42 

0.90 

0.62 

0.000 

0.025 

0.16 

0.27 

0.22 

0.03 

0.06 

oa 

0.33 

0.62 

0.59 

0.020 

0.036 

0.16 

0.25 

0.20 

0.05 

0.02 

09 

0.36 

0.57 

0.62 

0.026 

0.000 

0.60 

0.25 

0 .Q 

0.47 

0.07 

uo 

0.34 

0.62 

0.62 

0.026 

O.OU 

0.54 

0.25 

0.02 

0.46 

0.07 
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446 
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• 0.15 

0.27 

0.39 

0.40 

0.03 
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Table 2—Tensile Test Results for Steels Used in This Study 
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Tabl« 3—Weldability Results Using T-Bend Specimens on 
Cast Steels 3S, 38 and 39 
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as-welded condition, but only by a stress-relief treatment 
after welding is the ductility increased to a level com¬ 
parable with that of the cast fillet. Insufficient data were 
obtained to prove whether the bend ductility is satisfac¬ 
tory when welding is performed on a green casting fol¬ 
lowed by proper heat treatment. However, residual 
stresses in unheat-treated castings would be even greater 
than for the conditions reported and might be sufficient 
to cause cracking when aggravated by the welding proc¬ 
ess. 

Although the data obtained in these tests apply only 
to these particular compositions, in general, cast steels 
tested in the as-welded condition will have low ductility 
which can only be regained by a stress-relief anneal treat¬ 
ment. The T-bend test is a direct method suitable for 
weldability studies of cast steels having various composi¬ 
tions and heat treatments. 


Bead-Weld Nick-Bend Test 

In the bead-weld nick-bend test* used in this investiga¬ 
tion, the specimen is prepared as indicated in Fig. 7. 
Strips are cut transverse to a bead weld on a plate and are 
notched parallel to the center line of the weld. The 
notch is prepared' with a power hacksaw and stops short 
of the heat-^ected zone in order that initial deformation 
will occur in the weld metal and failure will be caused by 
rupture of the low ductility metal in the heat-affected 
zone. The specimen is tested by bending jt as a simple 



Fig. 6—Typical Catt T-Bend Specimens 
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Fig. 7—Bead-Weld Nick-Bend Test Specunen 


beam with the notch in tension (Fig. 8). The angle at 
maximum load is used as the index of weldability. 

Eighteen steel heats (435 to 453) were made and the 
metal cast into plates of 5 x 12 x I’/s in. These cast 
plates were shaped to 1 in. thickness, normalized from 
1700° F., and bead-weld nick-bend specimens prepared. 
One group of specimens was welded at room temperature 
and another group with a 300° F. preheat. All speci¬ 
mens were stress-relief annealed at 1175° F. after welding. 
The results of the nick-bend tests are given in Table 4. 
The Brinell hardness of these plates was measured in or¬ 
der to determine the relation of plate hardness to nick- 
bend ductility (Table 4); only a general relationship 
was indicated. However, of the eight harder steels 
ranging from Bhn. 194 to 231, only one gave a nick-bend 
angle of over 25°. Seven of the ten softer steels ranging 
from Bhn. 154 to 191 bent to more than 25°. 

A few extra plates of two of the steels (455 and 4.V; 
were available for additional nick-bend tests. Two of the 
cast plates were tested in the as-cast condition; the re- 


Tabl# 4—Hardnpn, Nick-Bend and Cracking Raaults on 18 
CaatSteela 
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Fig* 8—Bending a Nick-Band Specimen 

maining plates were normalized before welding. Welds 
were made at various speeds of travel with single or 
double beads, with or without preheat, and with or 
without a stress-relief anneal (Table 5). Satisfactory 
weld ductility was obtained only after a stress-reli^ 
anneal subsequent to welding and this was more effective 
for the specimens welded in the normalized condition. 

Two larger heats of steel (481 and 484) were cast into 
plates of slightly over 1, V/% and IV 4 in- thicknesses. 
Figure 9 shows a typical casting before the risers were re¬ 
moved. These plates were normalized from 1700° F. and 
shaped from both sides to thicknesses of V 4 » 1 and IV* 
in., res|>ectively. Nick-bend specimens were prepared 
with and without preheat, with and without stress relief, 
and with electrode travel speeds varying from 4 to 12 in. 
per minute. These specimens were tested in order to de- 
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Table 6—Under*Bead Cracking Raeulta on Steels 481 and 484 
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tennine the effect of welding technique on ductility of 
the heat-affected zone (Table 5). 

Steel 481 with a tensile strength slightly below 65,000 
psi. (Table 2) had excellent ductility in ^ of the bead- 
weld nick-bend tests. Variation of the welding technique 
and subsequent heat treatment had little effect on the 
nick-bend performance for the V 4 in. specimens; how¬ 
ever, the stress-relief anneal after welding improved the 
ductility of the thicker specimens. Steel 484 with a ten¬ 
sile strength of 80,250 psi. (Table 2) had good weld duc¬ 
tility in the stress-relieved condition only. In all thick¬ 
nesses the ductility was considerably lower in the speci¬ 
mens tested in the as-welded condition. Varying the 
speed of travel had no appreciable effect upon the per¬ 
formance of these specimens in the nick-bend test when 
preheated to 300° F. 

Cracking Under Bead-Welds 

In comparing the nick-bend ductility of specimens 
welded with and without a 300° F. preheat, litde differ- 



Ftg. 9—Steel Casting Showing Blind Head Riser Technique 
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Fig. 10—Structures Showing Under-Bead Cracking (100 X) 


ence can be noted. There is, however, one consideration 
which is important. An examination of the microstruc- 
ture of the heat-affected zone of these weldments at 100 
diameters showed the presence of a large number of 
under-bead cracks for some of those cast steels welded 
without preheat. In no case with a 300° preheat was 
there any evidence of under-bead cracking. Figure 10 
shows typical under-bead cracks. Since the cracks are 
parallel to the stresses applied in the nick-bend test they 
have little or no effect on the ductility of the bead-weld 
nick-bend specimen. However, the presence of cracks 
along a fusion line is undesirable and cannot be tolerated 
if best results are desired. 

In order to determine the under-bead cracking ten¬ 
dencies of steels 481 and 484, bead-welds 1 to 1V 4 in- 
long were deposited with a standard technique on speci¬ 
mens of each steel in all three thicknesses. The speci¬ 
mens were precooled to 10° F., preheated to 300° F. or 
welded at room temperature. Transverse sections of 
these weldments were prepared and examined at 100 di¬ 
ameters for under-bead cracking (Table 6). No cracks 
were observed in steel 481 for any of the thicknesses. 
Severe cracking occurred in the 1V 2 in. thickness of steel 
484 welded at 10° F. and at room temperature while 
some cracking was observed for the 1 in. specimen welded 
at 10° F. Here again cracking was entirely eliminated 
by the use of a 300° F. preheat. 

Summary and ConclusionB 

There has been a decided need for test methods which 


employ actual welding and which measure directly ih^ 
effects of welding on the ductility of different comp.*?;- 
tions of cast steels. From the results of this investig.i 
tion the following conclusions are presented: 

1. The nick-l^nd and T-bend weldability tests whic:: 
have been found applicable to wrought steels are equal ■> 
as informative in the cast steel field. 

2. The nick-bend and T-bend weldability tests art 
suggested as direct tests for determining the effect ■ : 
changes in welding technique and heat treatment on ca>: 
steels and for the evaluation of the weldability of the 
various compositions of cast steels. 

3. Preheat (300° F.) is necessary to prevent under 
bead cracking in certain heats of cast sted. 

4. A stress-relief anneal treatment subsequent : • 
welding will, in general, greatly increase the ductility ■ 
the weldment. 

5. Further investigation will be required in order t- 
determine the effects of changes in composition and th^ 
variations expected for normal production heats in ar-' 
steel foundry. 

It is realized that the data presented by this investi.:. 
tion are not sufficient alone to establish weldability to'.' 
for cast steel; however, thpse data are supp»»rte<l bv » 
wide background of tests for weldability of wn'Ui;r: 
steels and many of the pitfalls which have been enc\>iir' 
tered in that field have been avoided. The use of pn 
heat treatment and preheat in order to provide 
tory weld ductility with no under-bead cracking logerl.:' 
with other means of control such as radu-griphy 
proper inspection will do much toward impr\>ving 
quality of welded castings. 
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JOINT HEABINGS SCHEDULED ON 
SCIENCE BILLS 

In response to President Truman's mes¬ 
sage to Congress urging the early estab¬ 
lishment of a Federal Research Agency as 
one of the legislative measures needed for 
the future welfare and security of the Na¬ 
tion, Senator Harley M. Kilgore (D., W. 
Va.), and Senator Warren G. Magnuson 
(D., Wash.) announced on September 25th 
that joint hearings on several science bills 
then befeve the Senate would begin 
October 8th. Because of the similarity of 
purpose and related character of the bills 
which have been referred to Senate Mili¬ 
tary Affairs Committee and to the Senate 
Commerce Committee, Senators Kilgore, 
Magnuson and Pepper, heading subcom¬ 
mittees which are to consider S. 1297 
(Kilgore-Johnson-Pepper), S. 1285 (Mag¬ 
nuson), and S. 1248 (FuUbright) have 
arranged joint hearings on these measures. 
Senator Pepper is in Europe and is ex¬ 
pected to participate actively in these joint 
hearings upon bis return. 

All three bills provide for increased 
Government support of scientific research 
but have diifereut detail as to the scope of 
research and methods of administration. 
The hearings are designed to summarize 
expert public opinion and to develop a 
legislative program with respect to Federal 
support for research for national security, 
a rising standard of public health and the 
general welfare. 

Senators Kilgore and Magnuson stated: 

■ We are in full accord with the President’s 
slea for early adoption of legislation to 
establish a central scientific agency of the 
Government with sufficient funds to en- 
'ourage and support scientific research for 
.he national interest. In order to expedite 
iuch legislation we have agreed to hold 
oint hearings on the various science bills 
cfeired to our individual subcommittees. 

“We also support wholeheartedly the 
^resident’s decision that until such an 
igency can be established on a full operat- 
ng basis, the Office of Scientific Research 


and Development and the Research 
Board for National Security should con¬ 
tinue. There must be no gap between war¬ 
time and peacetime program of research if 
the Nation is to derive full profit in the 
future from what we have learned in the 
past. 

“The atomic bomb has demonstrated, 
perhaps more vividly than any other single 
happening in history, the overwhelming 
importance of science in our national life. 
The same skill and scientific know-how 
which helped to bring rapid and decisive 
victory on the war fronts must now be used 
for the purpose of peace and national secur¬ 
ity. By continuing to promote progress of 
science and the useful arts, as the Found¬ 
ing Fathers so wisely ordered, we shall be 
able to make large strides in improving our 
national health, in making secure our 
national defense, and in promoting pros¬ 
perity and full employment.” 

In his message to Congress, President 
Truman specifically called for a single 
Federal research agency which would per¬ 
form the following functions: 

1. Promote and support fundamental 

research and development pro¬ 
jects in all matters pertaining to 
the defense and security of the 
Nation. 

2. Promote and support research in the 

basic sciences and in the social 
sciences. 

3. Promote and support research in 

medicine, pubik health and allied 
fields. 

4. Provide financial assistance in the 

form of scholarships and grants 
for young men and women of 
proved scientific ability. 

5. Coordinate and control diverse 

scientific activities now conducted 
by the several departments and 
agencies of the Federal Govern¬ 
ment. 

6. Make fully, freely and publicly 

available to commerce, industry, 
agriculture and academic institu¬ 


tions, the fruits of research fi¬ 
nanced by Federal funds. 

The joint hearings are expected to con¬ 
tinue tbee or possibly four weeks. Promi¬ 
nent scientists, heads of Government 
agencies concerned with research and de¬ 
velopment, representatives of industry 
and labor, educatev^s and others will be in¬ 
vited to testify on the need for a national 
program of scientific research. Witnesses 
who have been invited to appear to testify 
in the first week of hearings include; 

Dr. Isaiah Bowman, President, Johns 
Hopkins University 

Dr. James Conant, President, Harvard 
University 

Professor Harlow Shapley, Harvard 
University 

Eric Johnston, U. S. Chamber of Com¬ 
merce 

Ira Mosher, National Association of 
Manufacturers 

William Green, American Federation of 
Labor 

Philip Murray, Congress of Industrial 
Organizations 

Edward O’Neal, Farm Bureau Federa¬ 
tion 

Charles Goss, National Grange 

James G. Patton, National Farmers 
Union 

Dr. Vannevar Bush, Office of Scientific 
Research and Development 

Harold D. Smith, Bureau of the Budget 

Robert P. Patterson, War Department 

James V. Forrestal, Navy Department 

Jerome C. Hunsaker, National Advisory 
Committee on Aercmautics 

Henry A. Wallace, Department of Com¬ 
merce 

Harold L. Ickes, Department of Interior 

A list covering witnesses for the subse¬ 
quent weeks is now in preparation. It is 
hoped that all those who wish to express 
themselves on this major legislation will 
forward statements to the Subcommittee 
on War Mobilization of the Senate Mili¬ 
tary Affairs Committee, or, if time permits, 
appear in |>ersonal testimony. 
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Notes on the Conditions of Fracture 
of Medium Steel Ship Plates 

By D. F. Windenburg, PI 1 .D.,* and Captain W. P. Roop, U.S.N.* 


Abstract 

A series of medium-steel tensile specimens each 24 in. long, 12 in. 
wide and */« in. thick, with a notch at midlength and midwidth, 
were tested to rupture under static loading at various controlled 
temperatures. It was found that the degree of ductility, as well 
as ^e mode of rupture, was affected by the temperature. A 
specimen notched with a hacksaw cut broke with a cleavage frac¬ 
ture at a temperature of 76^ F. whereas a similar specimen when 
tested at a temperature of 100° F. broke with a shear rupture. 
The characteristics of the breaks were not altered by the presence 
of sharp fatigue cracks at the ends of the sawcuts. 


Introduction 

E arlier accounts of the progress of thought at 
the David Taylor Model Basin about the plastic 
behavior of metals have been given in a previous 
report Summarizing briefly, it was stated that in 

many applications the capacity for elongation in ship¬ 
building steel is thought to be more important than its 
strength, and that the elongation, even in steel ordinarily 
quite ductile, may drop to extremely small values when 
the history, J geometry and temperature of the specimen, 
and the speM of the load application, or rate of strain, 
fall within certain limits. The main purpK>se of continued 
work at the Taylor Model Basin is to find certain of these 
limits as they apply to the distinction between cleavage 
and shear modes of parting. 

In the present report the following arbitrary terminol¬ 
ogy is used.§ A plate is said to be brittle if the plastic 
reaction in thicimess does not exceed 2% at the frac¬ 
tured surface; otherwise it is said to be ductile. The 
break is called a cleavage fracture if the parted surfaces 
are perpendicular to the plane of the plate. Thus it is 
possible to have either a brittle or a ductile cleavage 
fracture depending upon the amount of plastic elongation 
in way of the notch prior to rupture. If the parted sur¬ 
faces are inclined to the plane of the plate, the break is 
called a shear rupture. 


General Considerations 

The exploration of the effects of variation of the four 
parameters mentioned, i.e., history, geometry, tempera¬ 
ture and speed of loading, even when it is limited to the 
simple determination of whether fracture is by cleavage 
or shear, is still an immense task. One way to break 
this task down is to maintain one parameter, say the rate 

* Navy Departaeat. David Taylor Model Baaio, Washinrton. D. C. 

{ Numbers in parentheses indicate references at end of this report. 

By history is meant the chemical, metallurgical and mechanical treatment 
of the metal up to the time of the test. By geometry is meant the configura¬ 
tion of the spramen. auch aa the over-all dimensions and the sisc, shape and 
location of the notch. 

1 This terminology has already been accepted by the various agencies work¬ 
ing under the Bureau of Ships of the Navy Department, U. S. Coast Guard, 
and the National Defenae Research Committee for current studies of the struc¬ 
tures and tba materiala of welded merchant vessels 


of strain, approximately constant, and to vary the other 
three while attention is focused upon them. In currem 
work at the Taylor Model Basin this is being done. The 

average strain rate in all tests is of the order of 10“* 

and the history, geometry and temperature are varied. 

The complexity of the problem, which involves the 
plastic behavior of metals, is very great; the best treat 
ment of the subject in brief form is given by Gensamei 
(2). A systematic attack on this whole problem needf 
the coUalMration of many agencies. Seve^ of these are 
already working directly on the plastic behavior of ship 
steel, and others are active in closely related lines. .K 
cent^ office is needed to receive, digest and promptly 
make known to all of the agencies concerned ^e plans, 
progress and test results of each of these agencies as the} 
relate to the subject. From such a service of informa¬ 
tion, a general agreement on the main elements of the 
problem and methods of attack might be expected. 

In the meantime most of the work now underway at 
the different agencies still has the character of recon¬ 
naissance. Such is the nature of the tests described in 
the present report. 

Test Specimens and Procedure 

The present series consisted of eight test specimens 
The specimens were cut from medium steel plating ’ 1 
in. thick with the length of the specimens parallel to the 
direction of rolling; they were 24 in. long and 12 in. wide 

The specimens were designed and tested to show the 
effect of certain variables on the type of fracture. The 
variables were: (1) three degrees of sharpness of the 
notch; (2) temperature; (3) history, such as strain agin^; 
in the region of the notch, and local heating and quench 
ing of the plate in the region of the notch. 

All of the specimens were notched at midlength and 
midwidth. Data on the form of the specimens are giver 
in the sketch, Fig. 1. Three of them. Specimens 113,11- 
and 115, each had a notch consisting of a simple circular 
hole 2.4 in. in diameter. The remaining width in way 
the notch was thus 9.6 in.; the net area was 7.2 sq. in. 

The other five specimens had approximately the san» 
net area in way of the notch, but they had a different typ 
of notch. In these specimens the notches were former 
by drilling a hole •/< diameter and then making > 

hacksaw cut 'Vie in. long from each side of the hole <' 
the diameter perpendicular to the long edge of the pl-i*'' 
In two of these specimens, 116 and 117, shallow fatigvt 
cracks were induced at the ends of the sawcuts by eye. 
loading in the alternating-load testing machine, th :- 
the notches in these two specimens had the same shun 
ness as natural cracks. The additional length of each 
these cracks was about •/« in* 

Without systematic investigation of the effect> 
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(«) Sketch of Specimens 110, 111 end 112 



(c) Sketch of Specimens 116 and 117 


history, two of the notched specimens were given treat¬ 
ment affecting their history. Specimen 114 was heated 
locally with a torch played on the inner surface of the 
hole and then quenc^^ by immersion in water. Al¬ 
though it is realized that the plate was of low-carbon 
steel and therefore would not be greatly affected by such 
treatment, the treatment was consider^ significant since 
it is similar to that sometimes used in shrinking and 
straightening operations in shipbuilding. 

Specimen 112 was cold-worked mechanically with a 
severity not unlike that encountered in the fabrication 
of ship hulls. After the plate was notched, it was bent 
lengthwise as a beam until it took a permanent bow of 
about 1 in. by a load applied through a fulcrum of about 
V 2 in. radius, placed transversely at midlength. It was 
then turned over and bent out of flat the same amotmt 
in the opposite direction. It was finally straightened 
to its original flatness. The strain aging resulting from 
this operation was exp>edited by heating at about 200® 
F. for 2 hr. 

The surfaces of the specimens were titled with longi¬ 
tudinal and transverse lines, as shown in the photo¬ 
graphs following, to give a visual indication of the strain 
pattern as plastic deformation took place. 

After ^e specimens were prepared for testing, the re¬ 
maining variable was the temperature at which the speci¬ 
mens were tested. The main point of interest in ^ese 
tests was the nature of the fracture, i.e., whether the 
plates ruptured in the cleavage or the shear mode. It 
was desired to so choose the temperatures at which the 
different tests were conducted that some of the speci¬ 
mens of each group would break in the shear mode and 
others in the cleavage mode. Thus the temperature at 
which the transition from shear to cleavage rupture 
occurred would be bracketed within a certain tempera¬ 
ture range. This was not always accomplished because 
of the limited number of specimens of each type available 
for test. 

Test Results 

The results of the tests are summarized in Table 1. 



(b) Sketch of Specimens 113, 114 and 115 


^ 9 . 1—Fom of Tezuile Tacf Specimens 

All specimens were 24 in. bng. Specimens 113, 114 and 115 
contained o hole 2.4 In. in diameter. Each of die other specimens 
contained a hole Vi in. in diameter with a hacksaw cut on either 
side which txought die total width of die notch to 2*/i in. In 
Specimens 116 and 117 fatigue cracks about */n in. long were de¬ 
veloped at the end of each sawcut before testing. 


Specimen 110 was tested at a temperature of 75° F. 
It broke with a ductile cleavage fracture as can be seen 
from the photograph, Fig. 3. 

Specimen 111, which was similar to Specimen 110, was 
tested at a temperature of 100® F. It broke with a duc¬ 
tile shear rupture as shown in Fig. 4. 

Specimen 112 was similar to Specimen 111 except that 
it was cold-worked mechanically and strain-aged as de¬ 
scribed in the preceding section. When tested at a 
temperature of 100® F., it broke with a cleavage fracture. 

Specimen 113 contained a hole 2.4 in. in diameter. 
When tested at a temperature between 80 and 90° F. it 
failed with a ductile shear ruptme as shown in Fig. 5. 

Specimen 114 was identical with Specimen 113 ex¬ 
cept that it was heated and quenched as described in the 
preceding section. It was tested at a temperature of 
75® F. This specimen exhibited a large amount of 
plastic elongation before cracking, which started as a 
ductile shear rupture and then shifted to a cleavage 
fracture, as may be seen in Fig. 6. 

Specimen 115 was identical with Specimen 113. It 
was tested at a temperature of 75° F.; ruptme was in the 
shear mode. 

Specimen 116 was similar to Specimen 110 except that 
it contained ^hallow fatigue cracks at the ends of ^e saw 
cuts. When tested at a temperature of 70° F. it broke 
with a cleavage fracture. 

Specimen 117 was identical with Specimen 116. When 
tested at a temperature of 100® F. it broke with a shear 
ruptiire. 

A representative true-stress-strain curve obtained from 
the test data on three standard 0.505-in. round tensile 
test specimens ma chin ed from the plate from which the 
specimens were cut is given in Fig. 2. 


Discussion of Test Results 

Although observations of the mode of rupture under 
different test conditions were the main object of these 
tests, they actually give much more information. Much 
can ^ learned from the photographs. Figs. 3 to 6. For 
example, the ductile cleavage fracture of Specimen 110 
which was tested at a temperature of 75° F. is shown in 
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Fig. 3. Figure 3 (c) shows the square break, the granular 
su^ace and the herringbone or chevron pattern char> 
acteristic of cleavage fractures. 

It is to be noted that the form of the grid lines after 
rupture, as shown in Fig. 3 (6), indicates little evidence 
of permanent deformation except in the immediate 
vicinity of the ends of the slot. The sawcut has increased 
to several times its initial width and the grid lines at the 
ends of the cut show considerable loc^ deformation. 
At the left end of the notch there is a distinct dimple 
whkh indicates localized decrease in thickness. It is 
clear that before the cleavage fracture started high values 
of plastic strain existed at this point; their effect on 
elongation is small, however, becau^ the area of high 
strain is extremely localized. 

At the right end of the slot. Fig. 3 (b), a rather curious 
feature appears. It Will be observed ^at whereas the 
left end of the slot opened because of plastic flow at its 
end, the right end opened by parting of the plating. The 
nature of this fracture is shown in Fig. 3 (c). It has the 
appearance of a thumb print in the metal itself on both 
halves of the ruptured specimen. The region inside the 
print probably broke first with a cleavage fracture, with 
the point of initial fracture at mid-thickness about ^/g 
in. from the end of the sawcut. The cleavage fracture 
next spread over the entire area inside the print but the 
small area at the edge of the print remained ductile and 
elongated appreciably before final fracture of the remain¬ 
ing section. In fact, it was possible to insert a thin knife 


blade into the print from the end of the slot for a con¬ 
siderable distance before there was any visible openii^ 
in the side of the plate. 

The feature just described has been observed fre¬ 
quently in other tests. The parting apparently starts 
inside the plate and extends over an appreciable area 
before it can be seen from the surface. However, the 
presence of the internal crack is disclosed by local plastic 
flow in the surface. 

As previously mentioned, the fracture of Specimen 110 
was apparently initiated at mid-thickness about Vt >°- 
from ^e end of the slot. A close study of Fig. 3 (r) re¬ 
veals a small area at each end of the slot, resembling the 
half-moon of a fingernail. It is toward this area that 
the chevrons converge. Consequently, the rim of this 
area is consider^ to be the origin of the fracture. 

The fracture occurred in two abrupt stages. At an 
average stress on the net area of 42 kipsi* there was a 
sudden fracture which extended through most of the 
thumb print, accompanied by considerable noise. This 
fracture caused the load to fall off about 3%. When 
the load was reapplied the average stress on the remain¬ 
ing net section had to be increased to 47 kipsi before 
complete rupture occurred. Had the testing machine 
contained a greater amount of stored-up energy, it is 
probable that parting would have been complete at the 
first rupttire. A characteristic of most testing machines 

* The abbreviatioD kipsi is used to designate thousands of pounds per tqsiR 
inch. 


T«bl« 1—RMult of Static Tanaion Tests of Moditun Stool Plata 

The tests were made to studf the effect of temperature and of the sharpness of the notch on the type of fracture 


|H9 

Width of Hole 
and Notch 
Inches 

Tenperature 

degrees 

fahrenhelt 

Naxiaui 

Load 

kips 

Stress at 
NaxiwuB Load 
klpaitt 

Practure 

Rewarka 

no 

2 3/6 Notch 
3A Hole 

75t 

303 

42.0 

Cleavage 

Cleavage fracture 1 ^/6 inch .long at 
302 kipa load followed by cowplete 
cleavage fracture at a load of 303 
klpe. 

111 

2 3/8 Notch 

3A 

300 

341 

47.3 

Shear 

Crack visible st eurfsee st a load 
of 330 kipa. 

112 

2 3/8 Notch 
3A Hole 

100 

358 

49.5 

Cleavage 

Plate etrain-aged by bending and 
heating. 

113 

2.4 Hole 

85t 

435 

60.3 

Shear 

Norwal shear rupture. 

114 

2.4 Hole* 

75* 

454 

63.0 

Shear 

then 

Cleavage 

Cleavage fracture irtten Ineroaelng 
load to 329 kips sfter the sheir 
erseke had progressed 2 iA inches 
at the left tide of the hole and 

3A 3ACh at the right side. 

115 

2.4 Hole 

75t 

421 

58.5 

Shear 

Nonaal shear nature. 

ll6 

2 3/8 Notch** 
3A Hole 

70* 

278 

39.5 

Cleavage 

Short initial cleavage fracture at 
each end of slot at a load of 26 l 
kipa (37 klpai). 

137 

2 3/8 Notch** 
3A Hole 

100 

330 

46.9 

Shear 

Norwal shear rupture. 


* The parlpiMry of tho hole In Spoclaon ll4 ms hoatod to above the critical teaperature and 
quenchtd in water. 

** In 3peeiaena 1l6 and 117 • fotigua crack 3/?2 inch long waa atarted at each end of the sawcut tc 
determine the effect of a very aharp notch coavared to that of the sawcut notch of Sptciaena 110 
and 311. 

t The reduced te^erature for Spociwene 113# 314, 115» and 1l6 was obtained by cooling with ice; 
Speclwen 110 was tested on a cool day at a tewparature of 73 degreea. In nearly all of theao Usti 
the tei^rature around tha notch Incrataed becauae of plaatlc atralnlng. 

tt The abbreviation klpai la uaed to designate thoueands of pounds ptr square inch. i 
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Fig. 2—True Stxen-Stiain Curve ior the Medium Steel ol the Specimezu Deecribed 

in This Report 

The experimental points may be represented by the analytical expression a — 106 <**•**< 
as evidenced by the linearity of the data in (b). The slope of the line is 0.224 and the 
intercept at« — 1.0 is 106. In this plot a is the true stress and t — log Aa/A is the natural 
or logarithmic strain. 

It should be noted that as the logarithmic strain approaches unity the experimental 
points lie above the straight line drawn. 

* The abbreviation kipsi is used to designate thousands of pounds per square inch. 


is that a sudden increase in elongation of the specimen 
reduces the applied load; in a ship structure the load is 
rarely decreased by a partial fracture and thus the stress 
on the unfractured section, instead of falling off, is ac¬ 
tually increased in proportion as the area is decreased. 

As previously mentioned, the only difference between 
the test conditions for Specimens 110 and 111 was in the 
temperature. Specimen 110 was tested at 75° F. 
whereas Specimen 111, which was identical, was tested 
at 100° F. Specimen 111 failed with a ductile shear frac¬ 
ture as shown in Fig. 4. In Fig. 4 (o) a moderate elonga¬ 
tion has already occurred. Figure 4 (b) shows additional 
elongation and dimples similar to those in Fig. 3 (b), but 
so far without rupture. The average stress at this stage 
was 46 kipsi. Tearing began at a slightly increased load, 
as may be seen in Fig. 4 (c). At this stage the load 


reached its maximum value of 341 
kips, resulting in an average stress 
on the net section of 47.3 kipsi. As 
load was reapplied to the specimen, 
the crack progressed slowly across 
the plate toward either edge. The 
test was discontinued at Ihe stage 
shown in Fig. 4 (d) where the nomi¬ 
nal stress on the remaining section 
had risen to about 56 kipsi. 

The' oblique fracture surface is 
characteristic of the ductile shear 
method of rupture. However, it 
should be pointed out that since the 
notch is cut square across the plate, 
the surface of parting first starts in 
the plane of the notch and then 
shifts to the oblique configuration. 
Although it cannot be seen in the 
photograph, the small area of initial 
rupture is very similar to the half¬ 
moons of Fig. 3 (c). 

The rise of the average true stress 
in the remaining net area as the crack 
progresses across the plate is the re¬ 
sult of strain hardening. The rela¬ 
tion existing between the true stress 
and the natural strain of the material 
throughout the plastic range to rup¬ 
ture is shown in Fig. 2. The fact 
that large increases of strain in the 
plastic region cause only relatively 
small increases in stress indicates 
that the stress on the unbroken sec¬ 
tion is essentially uniform. 

Specimen 112 failed in a mode 
almost identical to that of Specimen 
110 even though it was tested at a 
temperature of 100° F. The moder¬ 
ate strain aging was sufficient to 
change the mode of rupture from 
the ductile shear mode as observed 
in Specimen 111, tested at the same 
temperature, to a ductile cleavage 
fractiire. 

Of the five remaining specimens, 
the notches of three consist^ merely 
of holes 2.4 in. in diameter, whereas 
the other two models, Specimens 
116 and 117, were similar to Speci¬ 
mens 110, 111, and 112 except that 
very sharp, natural cracks about •/« 
in. long were started at each end of 
the sawcuts by repeated reversals of 
load. 

The greater acuity of the notches in Specimens 116 and 
117 caused no perceptible change in the mode of fracture 
as compared with Specimens 110 and 111. Specimen 
116 which was tested at approximately the same tempera¬ 
ture as Specimen 110 failed with a ductile cleavage frac¬ 
ture. The average stress on the net section was 39.5 
kipsi as compared to 42 kipsi for specimen 110. Speci¬ 
men 117 which was tested at the same temperature as 
Specimen 111 failed with a ductile shear fracture. The 
average stress on the net section was 46.9 kipsi as com¬ 
pared to 47.3 kipsi for Specimen 111. These small 
differences in maximum stress at rupture are considered 
not significant. Consequently, the results of these four 
tests show no significant difference between the behavior 
of the specimens notched with a sawcut and those 
notched with ^ natural crack. 
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(d) —The Notch and Rectangular Grid Before Elongation 


(h)—The Separated Parts Rejoined After Fracture 



Fig. 3—Specimen 110 Before and After Ductile Qeavage 
Fracture 

This specimen was tested at a t^perature of 75^ F. Illuini- 
nation is from above on the right; the oval areas are boft 
recessed 


(c)—The Two Faces of the Fracture Surface 


It should be emphasized that these results are very 
meager and cannot be considered as conclusive. For 
example, it is well established (3) that in impact testing 
there is a wide scatter in energy values in the narrow 


temperature .b^nd representing the transition range be¬ 
tween cleavage fracture and shear rupture. Presum¬ 
ably the present tests were made in or near this transi¬ 
tion temperature and fairly wide Scatter of results is to 



(c) Shear Ruptures Begins. Load Reaches Maximum (d) Specimen After Rupture 

The surface of rupture is on a shear plane about 45° to the 
direction of loading. 

Fig. 4—Specimen 111 Before and After Ductile Shear Rupture 

This specimen was tested at a temperature of 100® F. 
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(a) Before Elongation 


(b) Rupture at the Sides of the Hole Is Imminent 



(c)—^After Ccxnplete Rupture 


be expected. The fact that the results are so consistent 
may be entirely accidental and due to the small number 
of tests. 

Of the three specimens containing drilled holes, 
Specimens 113 and 115 were tested in the as-rolled 
condition at temperatures of 85 and 75® F., respectively, 
whereas Specimen 114 was heated and quenched on the 
face of the hole as previously described, and tested at a 
temperature of 76® F. 

Specimen 113, tested at a temperature of 85® F., was 
very ductile, failing in a shear rupture. It will be ob¬ 
served from the photograph. Fig. 5, that this particular 
type of notch permits &e material to deform in a ductile 
manner with little restraint. Figure 5 (5) shows con¬ 
siderable necking at the edges of the plate. However, 
because of the deformation of the hole, the material 
in way of the hole is not restrained appreciably in the 
transverse direction and its behavior is similar to that of 
material in a simple tensile test. 

The maximum load reached corresponded to an aver¬ 
age nominal stress on the net section of about 60.5 kipsi. 
This is approximately the same tensile strength as ob¬ 
tained from a standard tensile specimen and indicates 
that the presence of such a hole in a plate has little effect 
on the average stress at which rupture occurs. 

Specimen 115, identical with Specimen 113, was 
tested at a temperature of 75® F., and likewise failed 
with a ductile shear fractiu^ after considerable elonga¬ 
tion. The maximum average stress on the net section 
was 58.5 kipsi as compared to 60.5 kipsi for Specimen 
113. This small difference in ultimate strength of the 
two specimens is considered not significant. 

Specimen 114, similar to Specimen 115 except for the 
heating and quenching just mentioned, was tested at the 
same temperature as Specimen 115. The deformation 


Fig. S—SpAciadn 113 Beiora and After Ductila Shear Rupture 
This specimen was tested at a temperature 85° F. 


of this specimen during test is shown in Fig. 6. It will 
be observed that after a considerable amotmt of plastic 
elongation a shear rupture started at each side of the 
hole. The average sti^ at maximum load, just prior to 
the rupture shown in Fig. 6 (c), was 75 kipsi. Although 
this particular specimen carried the highest load of any 
of the three specimens with circular holes, the fact is 
considered not significant. The maximum spread in the 
values of ultimate strength from the mean value is less 
than 4%. Such a spread might well occur had the three 
specimens been test^ under identical test conditions. It 
is believed that the zoned appearance around the hole, 
Figs. 6 (5), 6 (<:) and 6 (d), is not of any particular signifi¬ 
cance, but that it resulted from the angle of lighting 
and from tmeven condensation of moisture on the cooled 
surface. 

Discussion of Test Program 

Again it should be emphasized that the tests of the 
present series were qualitative only. The maip in¬ 
formation sought was to determine how the type of rup¬ 
ture was affected by temperature. This information 
was obtained on a very small number of specimens. It 
is dangerous to generalize on the results of such a small 
numb^ of tests, and especially to try to read significance 
into the minor features of the tests, such as the shape of 
the notch during successive stages of the test, the maxi¬ 
mum load at rupture and the mean stress on the net 
section at any given stage of the test. 

The present tests have indicated that the tensile test¬ 
ing of notched plates can yield significant information 
on the probable performance of the material in service in 
the presence of unavoidable stress raisers in the form of 
welding cracks, structtual discontinuities and the like. 
They show promise of supplementing or possibly even 
surpassing the usefulness of standard Charpy impact 
tests in the selection of material suitable for construction 
where energy absorption is involved. 

Future tests should be so controlled that they will 
yield more significant data. For example, the rate of 
application of load should be tmder control so that it can 
be made constant for any series of tests. The tempera- 
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ture should likewise be well under control. If the tests 
are to be conducted under static conditions, the load 
should be applied so that the temperature remains 
essentially constant during the test. The actual tem¬ 
perature of the specimen within the immediate vicinity 
of the notch can be determined by the use of thermo¬ 
couples secured to the plate and insulated from the cool¬ 
ant. This temperature can readily be controlled to 
within 1 or 2° F. which should be sufficient for tests of 
this type. 

If the tests are to yield results that can be correlated 
with the results of impact tests, energy absorption should 
be measured. Total energy absorption can be readily 
obtained from a plot of total elongation against load. 
The significance of total energy absorption is rather 
doubtful. The local energy absorption at the root of the 
notch is much more significant, but in many cases this 
may be only a small portion of the total energy absorbed. 

Measurement of the distortion of a photographically 
applied grid of closely spaced lines appears at present to 
offer the best means of evaluating these local energy 
values. If an accurate evaluation of the energy absorp¬ 
tion at the end of the notch can be made, there is a possi¬ 
bility that in general the failures starting at notches can 
be correlated and explained. 

Suggested Method of Analysis 

The strain grid for Specimen 113 shown in Fig. 5 (b) is 
reproduced to an enlarged scale in Fig. 7. It will be ob¬ 


served that the grid lines, which were originally straight 
and parallel to either the x- or y-axis, have b^ome dis¬ 
torted. If the separation qf the various lines is meas¬ 
ured and compared with the original spacing of the lines, 
the distribution of the principd strains in the vicinity 
of the hole can be estimated. From these data and the 
stress-strain curve of Fig. 2, the distribution of the octa¬ 
hedral shearing stress and the eneigy absorbed per unit 
volume in'any given region can be obtained. It is 
also sometimes possible to obtain these same values by 
determinations of the change of thickness in any given 
region. 

A method of applying grids by photographic processes 
has been used satisfactorily on aluminum sheets and 
steel tubes. This technique is being investigated for 
use in connection with future tests at the Taylor 
Model Basin and elsewhere. 

It is of interest to note that the stress-strain curve can 
be represented by a very simple analytical expression of 
the form a = kt” up to true strains of about 1 (4). 
Within the range of strains encountered in the rupture of 
ship plating, ^is expression is suitable for analytical 
work. The exponent n is the true strain at which neck¬ 
ing begins. 

Conclusions 

The results of the present series of tests are qualitative 
only. They show that for the medium steel specimens 
used in these tests: 



(d) Before Elongation 



(6) Intense Local Strain at Sides of Hole 



(c) Partial Rupture in Shear Mode (cO Parting Changed to Cleavage Mode 

Fig. 6—Cleavage Frachiie Preceded by Initial Shear Ruptrire in Specimen 114 

This specimen was tested at a temperature of 75° F. The mottled appearance around the hole is due to droK 
of water on the plate. The thermometer used to gage the temperature was attached to the specimen, as showr. 
in (a), by scotch tape. 
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lar specimen strain-aged by bending 
and heating gave a ductile cleavage 
rupture at a temperature of 100° F. 

2. The use of natural fatigue 
cracks instead of sawcuts did not affect 
the type of fracture. 

3. Circular notches caused ductile 
shear ruptures at temperatures of 75 
and 85° F. 


Recommendations 

In all future tests it is recom¬ 
mended that 

(1) the rate of loading be accur¬ 

ately controlled, 

(2) the temperature in way of the 

notch be held constant, 

(3) the total energy be determined 

by noting the loads and 
corresponding total elonga¬ 
tions, 

(4) the reduction of thickness as a 

function of the distance from 
the fractured surface be de¬ 
termined, 

(5) the strain distribution in way 

of the notch be determined 
by the use of grid lines 
closely and accurately spaced. 


Fig. 7—Pattom oi Strain Distribution, Specimaa 113 

The maximum strain approaches the limit which will be accepted by the material before 
rupture. The rectangular grid priw to strain Is shdwn in Fig. 5 (a). 
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Some Causes of Brittle Failures in 
Welded Mild Steel Structures 

By H. E. Kennedy^ 


Introduction 

T he object of this paper is to report the results of a 
series of experiments related to the "brittle" fail¬ 
ures which occur in welded mild steel structures. 
The experiments reported herein were performed as part 
of a study of the general problem of brittle failmes. It 
was found that the following factors influenced the 
cracking of welded steel plates: 

1. Temperature 

2. Welding stresses 

3. Heat treatment after welding 

4. Preheating 

5. Thickness 

0. Mechanical discontinuities 

7. Welding voltage 

8. Geometry 

9. Methods of loading 

Some measurements were made of the rate of propaga¬ 
tion of a crack traveling across a plate. 

The experiments are described in approximately the 
same order in which they were conducted. Before pro¬ 
ceeding with a description of the experiments, a brief re¬ 
view will be given of the mechanism whereby welding 
stresses arise because such stresses are often considered 
to have an important effect in causing "brittle" frac¬ 
tures. Two types of stresses may devdop during weld¬ 
ing. For convenience these stresses will be called "resi¬ 
dual" stress and "reaction" stress. The term residual 
stress is used to describe the type of stress produced when 
two free plates are butt welded together. After cooling 
to atmospheric temperature, the weld and adjacent 
metal exist in a state of tension, the maximum tensile 
stress being irf the weld. The remainder of the plate is 
in a mild state of compression. These so-called "resi¬ 
dual" stresses can arise from two causes. The first is the 
shrinking of the weld metal during cooling. The hot 
weld metal deposited in the groove l^tween tiie two rela¬ 
tively cold plates occupies a space as long as the plates. 
During cooling, the weld metal shortens by thermal 
contraction. The weld deposit cannot freely contract 
because it is attached to the plate. Consequently, it is 
forced to remain longer than it would if it could contract 
freely. Thus a state of tension is developed in the weld 
deposit. 

The second and undoubtedly the more important 
cause of the tensile stress is the upsetting of the ^ges of 
the plates during welding by the heat. Upsetting causes 
an increase in the thickness of the plate and a consequent 
shortening of its length. Whenever the edge of a plate 
is heated and the remainder of the plate is kept cool, the 


* Presented at May 38, 1M6 Meeting, Sen Frandico Section, A.W.S. 
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edge tries to expand lengthwise. It cannot do so freely 
bemuse of the restraint imposed by the cold portions of 
the plate. The heated edge is thus caused to entertain a 
compressive stress and the cold portion of the plate is 
forced into a state of tension. During the heating, the 
compressive stress becomes so high that plastic flow oc¬ 
curs and the thickness increases. Since the volume of 
the material must remain constant, the permanent in¬ 
crease in thickness must be compensated for by a perma¬ 
nent decrease in length when the edge again cools to 
normal temperattne. The change in length of the edge 
is resisted by the remainder of ^e plate, to which it is 
attached. Ihe edge is thus forced to occupy a greater 
length than it would if it were freed from the remainder 
of ^e plate and must therefore exist in a state of tensioD 
at normal temperature. The heat arising from the join¬ 
ing of two plates by means of a weld causes upsetting in 
the adjacent portions of the plates, thus causing readual 
stresses to exist in the welded structure. 

An understanding of the mechanism whereby welding 
stresses develop is helpful in understanding how sudi 
stresses relate to failures. Also,, such an understanding 
enables one to see how an essentially identical stress pat¬ 
tern can be developed in a plate without any wel^g 
whatever. To produce such a stress without welding, it 
is only necessary to heat rapidly a strip along the center 
portion of a plate. Sufficient heat can be applied in this 
manner to cause upsetting of the plate with the conse¬ 
quent development of residual tensile stresses in the 
heated strip. If the temperature due to this heating 
does not exceed the critical temperature, the stress de¬ 
veloped will equal the yield value of the plate. If it ex¬ 
ceeds the critical temperature, the stress may be higher 
due to the increased yield value as the result of quench¬ 
ing by the unheated portion of the plate. A similar 
stress pattern would be produced by any mechanisiD 
which would cause upsetting of a narrow strip in a rela¬ 
tively wide plate. It is not difficult to imagine that this 
could be done purely by mechanical means involving tK> 
heating whatsmver. "Residual" welding stresses are 
no different in nature or effect than any other internal 
stress (i.e., a stress not caused by an externally applied 
load). 

The so-called "reaction" stress arises in a somewhat 
different manner, although it, too, is caused by welding- 
An understanding of the meaning of this term can be 
acquired through a study of an example. A "Reaction ' 
stress is produced when a panel is welded in a frame as 
shown in Fig. 1. The panel to be welded into the windv--* 
is made slightly shorter than the length of the openinc 
into which it is to be welded. One end is then welded 
The heat from the welding flows into the panel, causing it 
to expand and more nearly fill the space in the window 
While the panel is still hot, the other end is welded ir. 
place. During the subsequent cooling, the panel tends 
to contract. The stiff frame prevents the panel fro- 
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Fig. 1—Frame Uaed ior Breaking Flatee with Reaction Street 


contracting freely so that tensile stresses are developed 
in the panel which are balanced by compressive stresses 
in the frame. The magnitude of stress in panels thus 
prepared was experimentally established as iking at the 
yield point of the panel material. The stress was 
measured in a panel without the central hole shown in 
Fig. 1, by means of resistance wire strain gages cemented 
to the welded panel. The reaction stress was relaxed for 
measurement by sawing the panel in two. The meas¬ 
ured strain indicated tlmt the stress was 35,000 psi., the 
yield strength of the mild steel used for the panel. 

It is obvious that "reaction” stresses may result from 
welding. However, exactly the same stress may be 
developed in a similar panel without welding. If the 
panel were longer than the window in the frame, holes 
for bolts or rivets could be drilled through the panel and 
frame. The holes in the panel could be spac^ so that 
the bolts could be inserted through both the panel and 
the frame only when the panel was hot and the frame 
cold. The assembly could only be made with the panel 
hot; consequently, tensile stresses would develop in the 
panel diuing cooling. Such "reaction” stresses are com¬ 
mon and often are deliberately produced; for example, 
the familiar shrink fit used for fastening a wheel to a 
shaft employs the same principle as that governing the 
development of “reaction” stresses by welding. Weld¬ 
ing is thus only one means for producing a “reaction” 
stress. The stress thus produced is in no sense different 
from any other stress of the same magnitude, nor is it 
any more likely to decrease with time tlkn is the stress in 
a shrink fit. 

The strain energy in the assembly shown in Fig. 1 ob¬ 
viously depends upon the length of the panel. A panel 
twice as long and at the same stress level would have 
twice the potential energy. Nearly all of the energy in 
the S 3 ^tem due to a reaction stress is released when the 
panel is cut across or broken. The amount of energy 
released depends directly upon the length of the panel, or, 
in other words, upon the volume of material stressed. 
The potential energy due to a “residual” stress is, how¬ 
ever, not so simply released, because the tension and 
compression zones are tied together. A weld 20 ft. long 
will have twice the energy of a weld 10 ft. long. Trans¬ 
verse cuts across the centers of both welds would release 
exactly the same amount of energy from each weld. 
The amotmt of energy released by a transverse cut or 
fracture is independent of the length.* This was deter- 

* This is onl^ true for welds whose lenrtfa exceeds 86 in. 


mined by means of a simple experiment. Resistance 
strain gt^es were placed along the center line of a long 
weld. The plate was then cut perpendicular to the 
weld. The stress was completely relaxed at the cut and 
partially relaxed for a distance of 9 in. on each side of'the 
cut. Beyond 9 in. the stress was unaffected by the cut¬ 
ting of the plate. The total energy released (approxi¬ 
mately 60 ft.-lb. for a 1-in. thick plate having a tension 
zone 8 in. wide) was only a small portion of the total 
energy stored in the entire weld. The amoimt of energy 
thus hberated is insufficient to cause a crack to propagate 
for more than a few feet into the plates adjacent to the 
weld. This is true regardless of die length of the weld. 
The potential energy stored in the weld is not ordinarily 
available to do work. It is like a clock spring immersed 
in glue, wound up and the glue allowed to haMen. The 
strain energy stored in the clock spring cannot then be 
released. 

Residual and reaction stresses may contribute to the 
failure of brittle materials because such substances frac¬ 
ture with little or no plastic deformation. In such cases 
the strain due to residual stress is an important part of 
the total strain causing rupture. Welding stresses are 
not likely to cause fractures in ductile materials or even 
relatively brittle ones where the elongation at fracture is 
of the order of a few per cent. The total available dis¬ 
placement which a residual or reaction stress can produce 
is very small because it fs supplied by the relief of the 
elastic strains in the system. 


Equipment and Results 

The steel used in all of the experiments was ordinary 
ship-plate quality containing approximately 0.2% carbon 
and of the semikilled class. No attempt was made to 
correlate the chemistry or metallurgy of the plates with 
the results. About twelve large plates (approximately 
6x10 ft. and Vj or •/♦ in* thick) were cut up for samples. 
Check tests were conducted on small pieces to determine 
the relative behavior of the plates. All but a few of the 
plates were found to behave alike. Comparative tests 
were conducted only on samples cut from the same plate, 
even though good agreement was found between samples 
from different plates. Several t)rpes of specimens were 
used and these will be described in detail in the discus¬ 
sion of the individual tests. 

Reaction Stress Experiments 

The first series of experiments was conducted to ascer¬ 
tain the effect of a reaction stress on fracture. A window 
was cut in a plate as indicated in Pig. 1. Into this 
window were welded panels of various thicknesses con¬ 
taining different types of stress raisers. After welding, 
each panel was cooled with dry ice. If the intensity of 
the stress at the discontinuity was sufficient, the panel 
fractured during the cooling. A plate without notches 
was also weld^ into the opening. It could not be 
broken by’the lowest temperature attainable with dry 
ice (approximately —60® F.). Round holes were never 
severe enough stress raisers to cause failime. More 
severe notches were found to cause failure when the 
panel was cooled by the dry ice. The notch finally 
chosen as most effective in promoting failure was a square 
hole cut in the center of the plate as shown in Fig. 1. 
The comers were sharply notched with a chisel. The 
thermal contraction during the cooling added to the 
strain in the panel, but did not add appreciably to the 
average stress because the stress was already at the 
yield point. The main factor influencing fracture was 
the temperature. The additional stress caused by the 


BRITTLE FAILURES IN STEEL STRUCTURES 


Digitized by 


Google 



cooling was a minor contributing factor. The added 
strain was only 60 micro inches. The reaction stress in 
one case was sufficient to break a panel of very notch- 
sensitive material during the cooling to room tempera¬ 
ture after welding. Fracture occurred while the tem¬ 
perature of the plate was still slightly above room tem¬ 
perature. Other panels cracked before cooling more than 
15° or 20° F. below room temperature. Some panels, 
made from less notch-sensitive steels, not only had to be 
cooled as much as possible with dry ice but had to be hit 
with a heavy hammer to cause failure. Such procedure, 
however, invariably resulted in fracture. Heating the 
frame before welding the panel or slightly bowing the 
plate was a strong deterrent against failure. 

A number of expyeriments were concerned with the 
stopping of the cracks. A portion of the plate through 
which the crack would have to pass was kept warm with 
a torch (approximately 100° F.) while the remainder of 
the plate was cooled. The crack started in the usual 
manner but stopped immediately upon entering the 
warm zone. The warm area was ductile; it yielded with 
considerable reduction in thickness and did not fracture. 
Had the specimen been pulled in a testing machine hav¬ 
ing unlimited displacement, the ductile portion could 
have been tom apart. This was not so in the welded 
frame structure, however, which had only elastic strains 
to contribute to the total displacement. 

In another experiment, a longitudinal groove was cut 
in the path of the crack. The groove was then filled 
with bronze by welding. The plate was cooled in the 
usual manner and a crack formed. The crack extended 
through the plate but failed to break the ductile bronze 
which stretched out sufficiently to bridge the gap formed 
by the crack. 

Experiments were made with plates in which holes 
had l^en drilled in the path of the crack. These holes 
had been filled with ductile material such as bronze or 
25-20 stainless steel. In these experiments, the cracks 
detoured around the ductile material. 

Some panels were welded to the frame on all four sides 
to produce a biaxial stress in the plate. The panels thus 
welded did not fracture any easier than those welded on 
two sides, but they did fracture differently in that cracks 
originated at all four corners of the square center hole 
instead of just two. 

Notched Tensile Bar Tests 

The next series of experiments consisted of pulling 
notched 'tensile bars at various temperatures in order to 
determine the temperature at which the fracture changed 
from ductile to brittle. The specimens were flat bars 
18 in. long and 3 in. wide with hack saw cuts */« in. deep 
in each edge. Bars of various thicknesses were tested; 
most of which were either Vs of */< in. thick. Tests were 
made in a 200,000-Ib. testing machine. The maximum 
loading rate was used, fracture occurring 4 to 10 sec. 
after the first application of load. The specimens were 


cooled below the testing temperature with dry .ice. The 
dry ice was removed and the specimen broken when the 
temperature reached the chosen value. The tempera¬ 
ture was measured by a thermocouple attached to the 
sample near the notch. Temperatures ranged from 70 
to 0° F. At higher temperatures, the bars were ductile, 
failing on planes inclined at 45° to the axis of loading. 
At lower temperatures, the fracture was brittle, occurring 
on the place of maximum tensile stress. At intermediate 
temperatures, the fracture would often be partially 
brittle and partially ductile. 

The following is a summary of the results obtained 
with approximately 300 samples. At 70° F., 90% of the 
samples in the as-received condition were ductile; at 
45° F., 90% of the samples were brittle; at 32° F., all 
were brittle. Without a notch all were ductile at the 
lowest temperature. 

Many specimens were heat treated in various ways. 
Those samples quenched in water or oil were much 
stronger than the ones made from rolled steel. One 
noteworthy result which was obtained early in the series 
of tests was that quenched samples were not only 
stronger but less inclined to be brittle in the notched 
tensile bar test. The temperature at which the transi¬ 
tion from ductile to brittle failure occurred was usually 
lowered by quenching. A quenched bar exhibited an 
85,000 psi. tensile strength and failed with a shear failure, 
while an untreated bar (as-rolled) failed at the same 
temperature with a stress of 60,(KK) psi. and a brittle 
failure. The unusual behavior of the notched tensDe 
bars is emphasized by the fact that a standard 0.505-in. 
diameter tensile bar made of quenched material Is much 
less ductile than a slowly cooled bar. Also, as will be 
described later in the test, notched bend test samples 
of the quenched material were very brittle. 

The effect of furnace atmosphere was investigated. 
Specimens were heat treated in various gases by placing 
them inside a welded sheet iron container. Pipes were 
welded to the container to provide means for circulating 
any desired atmospheres over the specimens. The con¬ 
tainer was immersed in a salt bath maintained at the 
heat-treating temperature. The gases used for heat- 
treating atmospheres were air, nitrogen, oxygen, hydro¬ 
gen and natural gas. The specimens thus treated were 
subsequently notched and tested. The effect of the 
atmosphere on the transition temperature was deter¬ 
mined. The samples heat treated in an oxidizing at¬ 
mosphere were invariably brittle at 45° F. Those 
samples heat treated in neutral or reducing atmospheres 
were ductile even at 32° F. 

Various heat-treating temperatures were tried. Heat¬ 
ing below the transformation temperature of the steel 
caused no change in the transition temperature. Heat¬ 
ing above 1800° F. always made the steel more notch 
sensitive, causing a rise in the transition temperature. 

The results of the notched bar tensile tests are sum¬ 
marized in Table 1, where data for typical cases are given. 


Tabl« 1—Prop^rtiM of Notched Flat Tensile Bars 


Nominal 

Strength. 

Testing 

Temp., 

Type of 

Heat Treating 

Furnace 

Type of 

Psi. 

° F. 

Fracture 

Temp., *’ F. 

Atmosphere 

Quench 

60.(J0() 

32 

Brittle 

As-rolled 



00,000 

45 

Brittle 

As-rolled 



fi0.(K)0 

70 

Ductile 

As-rolled 



85,0(K) 

32 

Ductile 

1050 

Reducing (natural gas) 

Water 

S.'i.OOO 

32 

Brittle 

1800 

Reducing (natural gas) 

Water 

O.'j.OOO 

32 

Brittle 

1650 

Reducing (natural gas) 

Air 

85,000 

32 

Brittle 

1050 

Oxidizing (air) 

Water 

r)5.0(X» 

32 

Ductile 

1050 

Hydrogen 

Water (quenched in box) 

05,000 

32 

Ductile 

1050 

Nitrogen 

Water (quenched in box) 

85,000 

32 

Ductile 

1650 

Salt bath 

Water (quenched in box) 
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Bend Tests 

There has been and still is a great deal of uncertainty 
about the effect of residual stresses on the strength of 
welded structures. As would be expected, all tests made 
during the investigation in which the ductility was 
appreciable failed to reveal any effect of residual stress. 
In only a few tests was the ductility sufficiently low to 
allow the residual stress to influence fractures. When a 
residual stress is imposed bn a piece of unfavorable 
geometry field failures are frequent. Fig. 14 represents 
such a condition. Unfortunately the burner cut the 
weld before the photo was taken. (I am indebted to Mr. 
Russell Rhodes of Marinship for the illustration.) 

A number of tensile tests were made on welded 
samples. These tests were made on samples ranging 
from 3 to 12 in. wide, having longitudinal weld beads. 
Some plates were notched, others were not. Various 
testing temperatures were used ranging from room tem¬ 
perature down to —20° F. 

Simple tensile tests failed to reveal clear-cut evidence 
that residual stresses could influence failure. Conse¬ 
quently, the more severe notch-bend test was adopted 
for the experimental work. With this test it was pos¬ 
sible to distinguish the effect of residual stress. Much 
more important, however, was the observation that welding 
resulted in some sort of damage which induced brittleness. 
The merits of the bend test have long been recognized. 
It has been said that if all tests of metals were to be 
abandoned but one, the bend test should be the one re¬ 
tained. By use of such a test it is possible to differen¬ 
tiate between the effect of residual stress, metallurgical 
influences, testing temperature and variations in welding 
technique. The bend test gives good indication of ten¬ 
sile strength by the breaking load. It measures ductility 
by the bend angle and notch brittleness by the tempera¬ 
ture at which failure occurs. It is cheap because little 
precision is required in preparing the specimen. The 


LOAD 



Tig. 3—M«thod Uied for Loading Bend Test Samples 


average stress level is zero but because of a high local 
stress large pieces may be broken in small machines. To 
realize the full value of the test the bending must be at 
right angles to the weld or bead. Other tests, reported 
in the next section, show how brittle failure can pro¬ 
duced at a very low average stress level whenever there is 
a high concentration of stress in a small portion of the 
metal. 

When failure occurs because of poor design, furnace 
stress relief or preheating will accomplish little. Under 
these circumstances the bend test could not be expected 
to shed much light on the performance of the structure. 
If the design is good as in the case of a sphere, metal¬ 
lurgical damage may be the dominant factor involved in 
the failure. Under these conditions the bend test may 
be expected to predict the performance of the vessel. 

A sketch of the samples used for the bend test experi¬ 
ments are shown in Fig. 2. Two types of samples were 
used. One was a plate 18 in. long, 4 in. wide and in. 



Fig. 4—Equipment Used for Making Bend Tests 


thick having a longitudinal weld bead deposited on one 
side only. The other type was made from two 18- x 
6- X V4-in. plates welded together by a double “V” 
butt weld. All welds and beads were made by the Union- 
melt welding process. The current used for the bead 
was 360 amp. and the bead was deposited at a rate of 12 
in. per minute. The wide samples were welded with a 
current of 600 amp. during the pass on the first side, and 
700 amp. on the other side. The weld bead on the nar¬ 
row samples was always placed in the testing machine 
so that it was stressed in tension during loading. The 
bending stress was thus added to the welding stress. 
The wide plates were tested so that the last side welded 
was stressed in tension during loading. To encourage 
brittle failures, the weld beads were notched with a 
Vie-in. wide milling cutter. The notch extended through 
the weld bead on the narrow plate, the bottom of the 
notch being flush with the surface of the plate. The 
wider specimens had welds that did not protrude much 
above the surface of the plate. The specimens were 
notched with the same cutter, but the notch was cut 
Vm in. deep into the plate and was made slightly longer 
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DISTANCE ACROSS PLATE -INCHES 

Fig. 5—Residual Stress Pattern in 4-In. Wide Bend Test 
Sample 

than the width of the weld so that it extended for about 
Vj in. into the plate on each side of the weld. 

The bars were loaded as simple beams with a central 
load as shown in Figs. 3 and 4. Preliminary tests 
showed that the testing temperature made a big differ¬ 
ence in the results. Naturally plate thickness is a con¬ 
trolling factor. It was found necessary to use a tem¬ 
perature of —20® F. to show clearly the influence of 
stress. At higher temperatures, there was often suffi¬ 
cient ductility to remove the effect of the residual stress. 
The tests reported hereinafter were all conducted at 
— 20® F. unless specifically noted otherwise. The maxi¬ 
mum loads and bend angles were recorded. It was not 
convenient to obtain the energy absorbed during the 
breaking of the specimen with the equipment available. 

The 4-in. wide plates had the residual stress pattern 
shown in Fig. 5. These specimens had a maximum 
tensile stress of 23,000 psi. in the weld zone. Such speci¬ 
mens fractured with two distinct breaks. The first 
crack crossed the region having residual tensile stress but 
stopped about an inch from the weld. Continued load¬ 
ing causes the remainder of the plate to bend through a 
considerable angle before finally fracturing. As shown 



Fig. 6—Typical Fracture oi a 4 -Ib. Wide Spedmaa 
Having Litemal Streaa 


in Fig. 6 this results in a failure having a relatively wide 
gap in the section originally in tension and a namiw 
crack in the remainder of the plate. 

The results of the bend test experiments are summar 
ized in Table 2. The tabulated data are typical examples 
chosen from approximately 200 tests. 

To evaluate ^e extent of the damage done by welding, 
a specimen of the unwelded plate was prepared by notch¬ 
ing it completely across the plate wi^ a milled slot ’/» 
in. wide and */« deep. A geometrically similar 
sample was also prepared from a sample with a weW 
bead. The bead was removed prior to notching. When 
tested, the unwelded plate bent through an angle of 50' 
and sustained a load of 33,000 lb. without failure 
whereas the welded sample failed after bending only S' 
and sustaining a load of only 22,000 lb. 

Two things were different about the two sampler 
which might contribute to the brittle behaWor of the 
welded sample. These differences were residual stic^ 
and metallurgical structure. The problem of separately 




Tabl* 2— PropertiM of 4-In. Wide Bend Test Samples 

Load, Lb. 

Bend 

Angle, Degrees 

Testing 
Temp., ® F. 

Failure 

Treatment 

33.000 

60 

-20 

No failure 

Unwelded sample. Notched across plate 

22.000 

8 

-20 

Cracked across plate 

Bead removed. Notched across plate 

17,000 

4 

-20 

Cracked in tension zone 

Notched through bead only , 

Preheated to 276 ® F. before welding. Bead only notcif^ 

21.000 

8 

-20 

Cracked across plate 

27,000 

25 

-20 

Cracked across plate 

Preheated to 400® F. before welding. Bead onlynotcb« 

28,000 

30 

-20 

Cracked across plate 

Preheated to 600® F. before welding. Bead only notco^ 
Stretched 2% at 70® F. in tensile machine before 

21,000 

8 

-20 

Cracked across plate 

30.000 

40 

-20 

Cracked across plate 

ing and testing in bending 

Postheated to 1100® F. Bead only notched 

34,000 

45 

-20 

Cracked across plate 

Normalized (1660® F.) after welding 
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Fig. 7—Typical Fractuza oi a 4>In. Wida Spadman Straaa 
RaUavad by Stratchlsg 


evaluating the effects of the two factors was next undd*- 
taken. 

The next experiments were conducted on samples 
that had been preheated before welding. Preheat tem¬ 
peratures of 70, 275, 400 and 600® F. were used. The 
results of these tests are shown in Table 2. 

Preheating retards the cooling of the weld metal and 
heat-affected zone in the plate material. This results in 
a metallurgical structure which differs from that pro¬ 
duced when no preheat is employed. The residual stress 
pattern was determined for preheated samples and fotmd 
to be essentially the same for aU preheat temperatures. 
Thus the residual stress was the same in all specimens. 
The only difference was in the effect of the preheat 
temperature on the metallurgical structure. The weld 
bead was not machined off, so the geometry was the same 
for all bars. The bend angle was 4° for the plate whose 
original temperature was 70® F.; the bend angle was 8° 
for the plate preheated to 275® F. and 25° for the plate 
preheated to 400® F. Preheating above 400® F. is diffi¬ 
cult and produced little additional benefit. By using 
the same technique as in vertical welding preheat may be 
obtained from the arc itself. In a series of tests of plates 
10 X 10 x •/< with a hand bead deposited and then 


removed and the plate tested at —40® F. the average 
bend angle was 24® with complete failure. When the 
oscillating technique was used angles as great as 65® 
without failure were obtained. The samples were not 
notched in these tests. This series of tests demonstrated 
that s(me other factor, presumably the metallurgical str^- 
ture, is more important than the residual stress in causing 
brittle failure. 

To further check this conclusion, tests were made on 
welded samples from which the residual stress had been 
removed by stretching. Several samples were prepared 
in both 4-in. wide and 12-in. wide^T>es. Some of the 
4-in. wide samples were stretched 2% in a tensile testing 
machine at room temperature. These samples were 
then notched and tested in the usual manner at —20° F. 
The results of these tests are shown in Table 2. The 
stretching removes the residual stress without alter¬ 
ing the metallurgical structure. The samples stretched 
to remove the stress bent through an angle of 8® while 
the unstretched samples bent through an angle of only 4°. 



Fig. 8—4-ln. Wide Samples Bent at —20° F. (Left) As* 
Wmded; (Center) Stress Relieved by Stretching; (Kght) 
Preheated to 400° F. Before Welding 


The samples containing residual stress invariably 
snapped only in the tension zone (fracture across the re¬ 
mainder of the plate could be made to occur by con¬ 
tinued loading). The samples from which the stress 
had been removed snapped all the way across at one 
time. Failure occurred, however, in the stress-free 
samples after they had sustained a higher load and 
greater bend angle than those samples containing stress. 
The residual stress was undoubtedly influencing the 
failures. Examples of the failures are shown in Figs. 6 


Table ^—Properties of 12-In. Wide Bend Test Samples 


Load, Lb. 

Bend, 

Angle, 

Degrees 

Testing 
Temp., °F. 

Failure 

8.'>.000 

19 

-20 

Cracked across plate 

92,000 

27 

-20 

Cracked across plate 

95,000 

82 

-20 

Cracked across plate 

69,000 

10 

-20 

Cracked across plate 


Treatment 

Unionmelt weld. As welded. No preheat 
Unionmelt weld. Stress relieved by stretching 
Unionmelt weld. Preheated to 400° F. before welding 
Hand weld, three passes on each side, cooled between passes 
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Fig. 9—12-In. Wide Samples Bent at —20° F. (Left) As- 
Welded; (Right) Stress Relieved by Stretching 


and 7. Short test pieces in which the residual stress was 
low did not break in stages. The first failure is complete 
and final. 

Figure 8 is a picture of samples as welded, stress re¬ 
lieved by stretching and preheated to 400° F. The 
stretched sample shown in this figure bent through a 
greater than average angle. 

The stress was removed from the 12-in. wide samples 
by thermal loading. The two edges of the plate were 
heated to 3.50° F. while the weld zone was kept cold. 
The thermal expansion of the edges of the plate forced the 
weld to stretch, thus relieving the stress. This method 
of stress relief has been described in detail elsewhere.* 
The results, shown in Table 3, agree with those obtained 
with the 4-in. samples. Figure 9 shows two 12-in. wide 
plates having weld beads (not double “V” butt welds). 
One was bent in the as-welded condition and failed after 
bending through a small angle. The other was stress 
relieved by stretching. It bent through a considerably 
greater angle before failure. Figure 10 shows the resid¬ 
ual stress distribution in the 12-in. wide samples. 

The benefit to be derived by stress relieving is appre¬ 
ciable but is not nearly as great as that which can be ob¬ 
tained by preheating or by the so-called “stress-relief” 
heat treatment at 1100° F. after welding. It seems evi- 
<lent that the main benefit derived from the 1100° F. 
treatment is metallurgical in nature. 

Tensile tests at —20° F. were also made on 4-in. wide 
bars having a notched bead. The bar preheated to 400° 
F. showed a definite superiority over the bars which were 
not preheated. The preheated specimen broke at a load 

* Tas WifLblNri JoiTKNAL. August 1944 issue, t>age SSA-s. 


Tabl* Prop«rti«B o£ 0.2S>In. Diamatw T«n^* Bara oi 
Haat*Traatad Ship Plata Steal 


Tensile 

Yield 



Strenvth. 

Strength, 

Elong. 


Psi. 

Psi. 

% 1 In. 

Description of Bar 

68,000 

45,000 

29 

Cut from weld 

64,000 

39,000 

29 

Cut from plate 0.75 from weld 

62.000 

36.000 

30 

Cut from plate 

71,000 

58.000 

29 

Cut from plate. Heated ti 
1650 ° F. Cooled in air blast 

87,000 

61,000 

19 

Cut from plate. Heated to 
1650° F. Quenched in oil 

213,000 

.... 

4 

Cut from plate. Heated to 
1650° F. Quenched in brine 


of 61,000 psi. while the bar not preheated required only 
51,000 psi. to cause failure. The specimen not preheated 
lacked ductility, so that the residual stress influenced the 
failure. The preheated sample being ductile was in¬ 
fluenced to a lesser degree by. &e residual stress. 

The tension zone may be broken with relative ease in a 
plate on which there has been deposited a small bead. 
The small bead deposited on a cold plate is chilled very- 
rapidly. The rapid cooling rate causes a maximurn 
hajdening of the bead and heat-affected zone of the 
plate. The weld bead is very notch sensitive and cracks 
with little strain. Residual stresses effect fractures only 
when the strain preceeding failure is small. Thus it is 
evident that samples with small beads are more likely 
to be influenced by residual stresses than those with 
large beads. Fillet welds have three paths to transmit 
heat and consequently cool more rapidly than do welds 
deposited on a flat plate. This may partially explain 
the propensity of a fillet weld toward cracking and the 
relief which preheating affords such a weld. Welding on 
the interior of a hull of a ship below the water line, when 
the ship is water borne, is frequently done. If reason 
may be depended upon in lieu of experiment this seems 
dangerous. 

Some experiments were performed to determine the 
properties of ship plate steel with various intensities of 
quench. Tensile test bars were prepared ha\’ing a test 
section of 0.250 in. diameter and a 1.5 in. gage length 



Fig. 10—Residual Stress Patterns in 12-In. Wide Plates 
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The first set of bars was tested as-received, the second 
set was quenched in an air blast, the third was quenched 
in oil and the fourth was quenched in a brine solution. 
The properties of these bars are shown in Table 4 along 
with the properties of bars cut from weld deposits. The 
air-quendied sample has properties most nearly resem¬ 
bling those of the weld metal. 

Tensile bars cut from the welds made with various 
degrees of preheat show that the preheat temperature has 
little effect on the tensile properties of the weld deposit 
(see Table 4). 

Bend tests were made at —20® F. on unwelded 4-in. 
wide bars having milled slots Vie in. wide and */« in. 
deep. Some of the bars were water quenched from 
1650® F. Others were tested in the as-received condi¬ 
tion. The as-received material bent through an angle 
of 35® and required a load of 27,000 Ib. to cause failure. 
The quenched bars bent through an angle of 1° and broke 
at a 16ad of 43,000 lb. Rapid cooling from above the 
critical seriously diminishes notch toughness. 

Four 12-in. wide samples were prepared in another 
experiment. Two of these were welded in the usual 
manner by the Unionmelt process. The other two were 
prepared by band welding. The hand-welded plates 
were cooled to room temperature after each pass so that 
the most rapid cooling would result and thus produce the 
poorest metallurgical structure. The results obtained 
in the bend test are given in Table 3. The more retarded 
cooling rate of the Unionmelt is doubtless the favorable 
factor. WhenevCT a large heat input is used on a small 
specimen little impairment of the piece will take place 
because in effect the specimen is preheated by the weld 
itself. 

In line with the conclusions drawn from the above- 
mentioned experiments is the result of a test made on a 
l 2 -in. diameter disk which was I'A in. thick. A iVw- 
in. diameter hole was drilled through the center of the 
disk. This hole was then filled with a plug weld. A 
Va-in. diameter hole was drilled in the center of the weld 
to act as a crack starter. The disk was cooled to — 20® F. 
and bent by placing it on a ring at the outer edge and 
loading it through a l-in, diameter steel ball at the center. 
The disk bent tluough an angle of 30® and did not fail. 
The good ductility of this disk was attributed to the fact 
that the cooling rate of a plug weld is very slow and con¬ 
sequently little quenching occurred. 

Another series of exi>eriments was conducted to deter¬ 
mine the influence of gases in the welding zone. Various 
gases were introduced into the weld zone by means of a 
small tube submerged in the fltix and preceding the 
electrode. The velocity of the gas was regulated so that 
the welding was not disturbed. The gases used were 
nitrogen, oxygen and hydrogen. No ^ect was found 
from any of the gases except possibly nitrogen. The 
welding voltage exercises a powerful influence on the 
notch brittleness of the steel. This is true of both 
Unionmelt and hand welding. Regardless of the pre¬ 
heat temperature, high voltage increases notch brittle¬ 
ness. At the same preheat temperature of 300° F, the 
bend angle was reduced from 67 to 43° by increasing the 
welding voltage 8 v. This test was performed on an un- 
notch^ bead specimen tested at —40® F. An improve¬ 
ment in notch brittleness was observed for all preheat 
temperatures when the voltage was reduced. Postheat¬ 
ing to 1140° F. repairs the damage resulting from high- 
voltage welding. 

An experiment was performed at the suggestion of 
Colonel John Riley of the Army Transport Command. 
Plates 12 in. wide were prepar^ in the usual manner. 
In these plates slots were cut on each side of the weld and 
parallel to it. The slots were 3 in. from the weld and 
were cut two-thirds of the way through the */ 4 -in. plate. 


These slots were intended to be crack stoppers. The 
specimens were cooled and broken as usual. In the first 
test the slots were on the tension side of the plate. The 
crack was arrested b^ore it reached the slot because of 
the large amotmt of yielding which occurred near the 
slot. Other specimens were tested with the slots on the 
compression side of the plate. In these trials the slots 
did not stop the crack. 

A single experiment was performed to determine the 
effect of a lamination impost in the path of the crack. 
A specimen was prepared by welding two laminae, each 
•/s in. thick, into a •/ 4 -in. thick plate. The assembly was 
completely heat treated and then a weld bead was de¬ 
posited on the •/ 4 -in. plate to act as a crack starter. The 
plate was bent in the standard way. The crack propa¬ 
gated through the two •/rin. plates as readily as it did 
through the ’A-in. plate. 

Some experiments were performed to determine the 
influence of hydrogen on brittleness. As recorded 
earli^ in the test, when hydrogen gas was present in the 
atmosphere surrounding the electrode, no difference was 
noted in the properties of the welded plates. 

Concentrated Load Tests 

The notched tensile bars discussed previously were as 
strong as unnotched specimens of the same net section. 
When wider plates were tested the results were different. 
An unnotched plate 12 in. wide and 24 in. long had an 
ultimate strength and elongation comparable with those 
of the 0.505-in. diameter test bars. Similar plates were 
tested with square holes set at 45® to the loading axis. 
The holes were 3 in. across and had sharp comers. These 
plates broke with an average stress on the net section of 
only 37,000 psi. 


LOAD LOAD 




Fig. 11—Specimezu Used tor Determining Effect of Concentrated 
Loads on the Strength « Plates 
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Fig. 12—Specimen Broken by Concentrated Loading at 
Edges. Average Stress at Fracture 12,000 Psi. 


Much lower average stresses were found to cause failure 
when the load was concentrated near a notch. A 12-in. 
wide plate loaded along the edges near the deep 

hacksaw cuts, as shown in Fig. 11 {A), failed at 0° F. 
with an average stress of 27,000 psi. A larger notched 
plate, 24 in. square, was tested in a similar way. This 
wider plate broke with an average stress of 19,000 psi. 
at the same temperature. Another specimen, 24 in. 
square but having longitudinal flanges welded along the 
center hue of the plate, as shown in Fig. 11 (B), was 
tested at 25° F. This specimen broke in an irregular 
manner as shown in Fig. 12. Cracks extended through 
the main plate and about two-thirds of the way through 
the flanges. The average stress, based on the cross- 
section area of the plate and two-thirds of the cross- 
sectional area of the flanges was 12,000 psi. It is be¬ 
lieved that increasing the length of ^e specimen would 
prevent the comers from pulling out and would cause 
the failure to progress directly across the plate and 
flanges. 

Some experiments were made on 12-in. square plates 
to compare the effectiveness of hacksaw cuts with natural 


cracks as fracture promoters. A crack was started from 
a hacksaw cut by pulling the specimen while the material 
around the not^ was cooled with dry ice. The crack 
which formed was arrested at a distance of 1 in. from the 
origin by keeping the adjoining section warm with a 
torch. The load was then removed and the entire speci¬ 
men cooled to 0° F. before reloading to failure. The 
natural crack thus formed the notch which was the origin 
of the second crack. A similar specimen having a hack- 
sawed notch was next tested for comparison. The notch 
in this case was cut to approximately the same depth as 
the natural crack had extended in the first plate. No 
difference was found in the breaking load. Apparently 
the sharpness of the crack is of minor importance after a 
certain limiting sharpness is reached. Preliminary 
cracks start before final failure so that final failure starts 
from a natural crack in any event. 

The shape of the natural crack was of considerable 
interest. The end of the crack was curved so tha t it 
extended considerably farther into the plate in the inside 
than it did at the edges. This may indicate that a more 
severe condition of combined stress exists in the inside of 
the plate than it does near the surface. The crescent¬ 
shaped crack does not only occur with brittle failures but 
is found with shear failures as well. During the tests oz 
the notched tensile bars reported in an earlier section, 
many fractures were found in which failure started b} 
shear in a crescent-shaped crack but the final fracture 
was brittle. 

Whenever a plate is pierced by a hole and the plate is 
loaded failure will take place at an average load of very 
much less than the ultimate strength. This value i* 
based upon the stress in the net section. In over 50 ei 
periments, in which a plate 12 in. wide was so perfo¬ 
rated, the breaking load was approximately 35,000 psi 
based on the net section. The character of the fracture, 
i.e., whether it was brittle or ductile, depended upon the 
temperature at which the test was made but the type of 
fracture does not appreciably affect the breaking load 
The weakness of such a specimen is not the result of 
welding or welding stresses. It is directly attributaUe 
to design. No difference was foimd whether rectangular 
holes were machined in the specimen or cut with a burn¬ 
ing torch. Welding materi^ deposited in the vicinity 
of a sharp notch increases the notch sensitivity of tlK 
material, causing failure at even lower loads. The squart 
openings discussed above were intended to simulate con¬ 
ditions existing in many engineering structures. It be¬ 
came quite evident that great gains might be realized by 
redesigning these square openings. Preliminary expen 
ments show that a plate may be perforated with a hole 
having square corners in such a manner that the remain 
ing area will have an ultimate strength equal to that of j 
0.505 test bar of the same material. Such a design wil] 
yield 25% without failure at 0° F. 

Further work will be necessary in order to establui 
the best design but this much at least is indicated; square 
openings in a plate need not necessarily impair tbe 
strength of the remaining material. 


The Propagation Bate of Cracks 

The difference in rates at which a shear fracture and i 
brittle fracttire travel is astounding. Shear failures 
occur very slowly, usually by a tearing action originating 
at one side and progressing gradually across a specimen 
Even 4-in. wide bars may require a second or more t 
completely fracture after failure starts. Brittle fail 
ures, however, appear to travel with incredible speec 
Such a fracture even of wide plate is complete in soch ^ 
short span of time that a visual estimate of speed is in 
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possible. The desirability of measuring the speed of 
crack propagation was evident, so a series of experiments 
along this line were performed. 

Some preliminary experiments with glass showed that 
it was possible to produce cracks that propagate so slowly 
that the speed may be measured with a stop watch. 
Other cracks were caused to form apparently instantane¬ 
ously across the glass. The factor which seemed to con¬ 
trol the rate of propagation was the stress level in the 
glass at the time the crack started. 

In these experiments a glass plate was placed on a hot 
copper block. The glass plate was larger than the cop¬ 
per block and overhung the block on all sides. The heat 
was gradually absorb^ by the central part of the glass 
plate. TTie incident thermal expansion imposed a ten¬ 
sile stress in the cold border of the glass plate and a com¬ 
pressive stress in the heated center portion. When the 
edges of the glass were smooth, considerable time elapsed 
before fracture occurred because a relatively high tensile 
stress was required to break the glass. The strain energy 
stored in the plate was so great that when failure finally 
did occur the two parts of the plate were thrown, violently 
apart. 

When a notch was filed in one edge, failiure occu^ed 
after the glass had been on the block only a short time. 
Very little strain energy was stored in the glass, but more 
important, the stress was low. The crack consequently 
progressed from the notch across the plate in a very 
leisurely manner. It frequently ladced the energy re¬ 
quired to cross the plate. 

In order to determine the actual speed of crack propa¬ 
gation in steel, a specimen was mounted in the frame 
shown in Fig. 1. This specimen was notched with a 
hacksaw on one side only to start the crack. To make 
sure that the crack would travel straight across the plate, 
the thickness was reduced at this section from V 4 to V* 
in. by machining a flat groove across the plate. Around 
one end of the plate there was wrapped several turns of 
welding cable through which a current of 200 amp. was 
subsequently passed to magnetize the specimen. The 
plate was then caused to crack by cooling with 6iy ice. 
The rate of crack propagation was measured as indicated 
in Fig. 13. Magnetic pickups were located at known dis¬ 
tances along the path of ^e crack. When the crack 
passed under each pickup, the magnetic flux passing 
through the coil of the pickup was suddenly increased. 
This generated a voltage in the pick-up coil which was 
.electrically connected to the grid of a Thyratron tube. 
The change in voltage of the grid caused the tube to fire, 


SPARK GAP 



Tig. 13—Skatoh of Equipment Used ior Meamxzing Rate of 
Crack Propagation 



Fig. 14—Crack Due to Imposition of Residual Stress on tin- 
favorwe Geometry 


discharging a condenser through the primary of an in¬ 
duction coU. The high-tension terminal of the induction 
coil was connected to an electrode located directly above 
a metal disk revolving at a known speed, so that a spark 
was thus caused to penetrate a sensitized paper cemented 
to the disk. The resulting spot was easily discernible 
when the disk was subsequently inspected. Three pick¬ 
ups were placed along the path of the crack to operate 
t^ee independent circuits. The relative displacements 
of the three spots on the disk indicated the speed of the 
crack. The relative times of response of the three cir¬ 
cuits were checked by placing the pickups across the 
crack and discharging a condenser through the welding 
cable. The circuits were so nearly identical that there 
was no appreciable relative displacement of the spots on 
the disk. 

The speed of propagation was measured in this way 
on several plates. Values ranging from 3500 to 4500 ft. 
per second were obtained. Not enough tests were made 
to insure the accuracy of the results, but it is felt that 
these values are of the correct order of magnitude. The 
speed probably depends upon the stress level in the 
specimen. It was approximately 38,000 psi. in the tests. 

As was pointed out earlier in the text, a crack can be 
stopped merely by warming the metal in the path of the 
crack to 80 or 100® F. A crack traveling at a rate of 
almost a mile a second is applying load to the material 
at the base of the crack at a tremendous rate, yet a few 
degrees change in temperature of the material in the path 
of the crack can cause the crack to stop abruptly. Thus 
it appears that even though the rate at which the 
crack grows is very high, it is of secondary importance in 
determining how the material will behave. 

Summary and Conclusions 

1. Temperature was found to be the most important 
factor contributing to the brittle fracture of mild steel 
of the same thickness. Any of the welded or machined 
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specimens tested could be made to fail by shear (and be 
ductile) or by separation (and be brittle) merely by a 
judicious choice of the testing temperature. 

2. Residual stresses were found to play a minor but 
nevertheless important role in causing fractures. Such 
stresses had no influence on room temperature tensile 
test results. The ductility was always great enough 
in the tensile tests on weld^ samples so that the residual 
stresses were redistributed and the effect of residual stress 
on fracture was negligible. Under certain conditions, 
i.e., when the deformation prior to fracture was very low, 
the residual stress was found to have an effect on the 
fracture. This was observed in the notched bend test 
experiments on welded bars at —20° F. 

3. Reaction stresses can easily cause a brittle frac¬ 
ture in notched plates. The notch must be sharp; 
rounded comers resist fracture. The temperature re¬ 
quired for such fractures varies from room temperature 
down to —40° F. depending upon the sharpness of 
the notch, the material and the magnitude of the stress. 
Reaction stresses rarely exceed the yield point of the 
material but they extend over a much greater volume of 
material than do residual stresses. 

4. Metallurgical changes associated with the welding 
were found to be one of the most important factors con¬ 
tributing to brittleness. When weld beads were de¬ 
posited on plates at 70° F. the samples were brittle in 
the —20° F. bend test. When the plate was preheated 
to 400° F. and then welded, the samples were very duc¬ 
tile. The residual stress was found to be the same 
in both normally welded and preheated samples. Thus 
the difference in ductility was attributed to the difference 


in the metallurgical structure. The slower cooling 
caused by preheating resulted in a marked improvement 
in the ductility of the welded sample in the notch bend 
test. The effect of the metallurgical structure on the 
behavior of the welded samples in the bend test was 
much more noticeable than was the effect of residual 
stress. 

5. Certain recommendations can be made concerning 
means to alleviate the danger of brittle fractures asso¬ 
ciated with welding of mild steel structures. Postheat¬ 
ing to 1100° F. or higher was found to be the best. Pre¬ 
heating the plate to 400° F. or higher at the time of 
welding was found to be very beneficial. Removing 
the bead always increases the bend angle, therefore little 
overbuild is indicated. Lower welding voltage greatly 
reduces the notch brittleness. Preheating prevents 
metallurgical damage so that ductility is retained. 
Thermal loading materially reduces residual stress. The 
combination, therefore, results in a comparatively stress- 
free weld not subject to notch brittleness. 

6. The rate of propagation of a crack through a piece 
of ship plate steel was foimd to be about 4000 ft. per 
second. It is believed that the velocity of propagation 
depends upon the stress and energy av^able in the s\-s- 
tem. 
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RESEABCH CORPORATION OFFERS 
$2,500,000 FOR POSTWAR COLLEGIATE 
RESEARCH 

Scientists who made the atomic bomb, 
radar and a host of other vital war 
weapons will have a chance to return 
promptly to college laboratories for scien¬ 
tific research and teaching through 
$2,500,000 in grants offered to educational 
institutions by Research Corporation, of 
New York, a nonprofit organization de¬ 
voted to advancing research and tech¬ 
nology by use of revenues from inventions 
assigned to it by public-spirited inventors. 

Help for Smaller Colleges 

Preference in making these grants will be 
given. Other factors being equal, to smaller 
institutions and those of more limited 
financial resources for research. 

The five-year program announced by 
Dr. Joseph W. Barker, acting president, 
who has returned to his duties with the 
Corporation and with Columbia Univer¬ 
sity from service as Special Assistant to 
the Secretary of the Navy, will result in 
100 to 200 grants of $2500 to $5000 each 
year in order that talented young scien¬ 
tists, engaged for the most part in war re¬ 
search in uniform or as civilians, will be 
able to undertake at imiversities and col¬ 
leges research of peacetime importance in 
pure science, especially chemistry, physics, 
mathematics and engineering. 

Grants Begin Soon 

The first grants will be made in a few 
weeks by a special committee of eminent 


scientists from industrial and university 
laboratories. The committee is composed 
oi Acting President Barker who is also 
Dean of Engineering at Columbia Univer¬ 
sity; Dr. Thomas H. Chilton, director of 
engineering for du Pont; Dr. William D. 
Coolidge, X-ray consultant for General 
Electric Co.; Timothy E. Shea, manufac¬ 
turing engineer of Western Electric Co.; 
Dr. Lloyd P. Smith, associate research 
director of Radio Corporation of America; 
Col. Stafford L. Warren, Professor of 
Medicine at the University of Rochester; 
and Dr. Robert R. Williams, inventor of 
the synthesis of vitamin Bi and coordina¬ 
tor of research of Research Corporation. 

Grants will be made to the institutions 
at which the scientists will work and teach. 
The funds will be available for the pur¬ 
chase of needed equipment and for em¬ 
ployment of assistants either as Fellows or 
otherwise. Awards will be based pri¬ 
marily upon the demonstrated ability of 
the men who will conduct the researches 
and contribute to the teaching program of 
the school. 

Scientists for Next Generation 

“For the past four or five years,” said 
Dr. Barker, “the Government, through the 
Office of Scientific Research and Develop¬ 
ment, the National Defense Research 
Council, the Army, the Navy and the Air 
Force, has supported a vast research and 
development program into which has been 
drawn the great majority of the most com¬ 
petent university research men. Already 
the demobilization of these research pro¬ 
jects is under way. When their war jobs 


are finished many (rf these talented young 
scientists should be genng back to college 
laboratories and lecture rooms to train and 
inspire the next generation science. 

“War cemditions have greatly disturbed 
our educational institutions by diversion of 
talented members their faculties into 
war research, by drawing off faculty and 
students into military service, by utilizing 
educational facilities for military service 
training programs and by interrupthif 
sources of financial support. 

"Research budgets have been drastically 
curtailed, especially in the smaller institu¬ 
tions, which in many cases have not had 
opportunity to undertake Government re¬ 
search on a substantial scale. The finan¬ 
cial strength of many institutions also has 
been impaired by the depression and the 
war conditions which followed. Now new 
burdens are thrust upon them as young 
men from the services return to resume 
their interrupted training. 

Return to Peacetime Footing 

"Research Corporation's program of 
special postwar grants will round out the 
plans that are being made for the mest 
effective and most prompt return of the 
war-engaged scientists to peacetime funda¬ 
mental and applied research,” Dr. Barker 
explained. “The Rockefeller Foundatioo 
has already announced a comprehensiw 
plan of predoctoral fellowships which wiU 
return to college former graduate student.- 
who left their studies and researches for 
war research. Current government legis¬ 
lation and proposed bills being considercil 
{Continued on page 617-s) 
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Fatigue Properties of Flash Welds 

By H. J. Grover, R. W. Bennett and G. M. Foley* 


T his paper describes the results of an investiga¬ 
tion of the endurance of flash-welded steel con¬ 
ducted for the War Production Board at Battelle 
Memorial Institute. 

The program included three items of study: First, the 
investigation, by rotating-beam tests on small specimens, 
of the fatigue strengths and properties of various zones 
in the flash-welded bar. Second, plate-bending fatigue 
tests on flash-welded plates were designed to find the 
effect of weld reinforcement. Third, rotating-beam tests 
on flash-welded tubes were scheduled to show the impor¬ 
tance of internal flash. 

All tests have been made on S.A.E. 4130 steel. Each 
study was to include three groups of specimens heat 
treated to three strengths before welding and tested as- 
welded, and three groups of specimens heat treated to 
(nominally) the same strengths after welding. Heat 
treatments are described specifically in following sections. 

Part I. Flash-Welded Bars 


Rotating-Beam Fatigue Strength of Small Flash-Welded 

Bars 

Equipment 

Flash-Welding Machine .—All welds for this investiga¬ 
tion were made on a Taylor-Winfield, Model B-5, 30-kva. 
mechanically operated flash welder (Fig. 1). The weld¬ 
ing current is supplied from a 240-v. a.-c. line which is 
transformed to give a secondary die voltage ranging in 
eight steps from 3.95 to 7 v. The welding current is con¬ 
trolled by means of an Ignitron contactor actuated by 
cams mounted on the same shaft as the cam which ad¬ 
vances the movable platen of the flash welder. The 
welding dies or electrodes are made of copper and are 
clamped together by air pressure. Back-up plates were 
put on the platen to prevent slippage of material in the 
dies. 

Material .—The material used in this investigation was 
aircraft quality S.A.E. 4130 steel bar, Vj in. in diameter. 
This steel was made in accordance with Army-Navy Spe¬ 
cification AN-QQ-S-084A. The chemical composition 
and mechanical properties are shown in Table 1. 

All steel used for fatigue and tension tests was normal¬ 
ized at 1675° F., air cooled, then drawn at 850° F. for 1 
hr. Drawing after normalizing was found necessary in 
order to obtain a definite yield point and to obtain more 
uniform stress-strain characteristics. Steel for the prepa¬ 
ration of specimens in which the unwelded material was 
to have an ultimate strength of about 150,000 psi was 
heated at 1600° F. for 1 hr. and quenched in oil, then 
drawn at 1010° F. for 1 hr. and air cooled. Steel for speci¬ 
mens in which the strength of the unwelded material 
was desired to be about 180,000 psi. was quenched from 
1600° F. into oil and drawn at 775° F. for 1 hr. 


* Battelle Memorial Institute, Columbus, Ohio. 


Part of the above material was used for unwelded con¬ 
trol specimens and the balance was flash welded. The 
welding and heat-treating schedules are shown in Table 1. 
Some of the normalized, drawn and welded specimens 
were then normalized and drawn according to the above 
conditions. A further group of normalized, drawn and 
welded specimens was quenched and drawn at 1010° F. 
to produce a nominal ultimate strength in the unwelded 
material of about 150,000 psi. A third group of these 
specimens was quenched and drawn at 775° F. to obtain 
ultimate strength of about 180,000 psi. 

Fatigue-Testing Machines .—All fatigue specimens 
were broken in R. R. Moore type, rotating-beam fatigue 
machines running at either 3750 or 10,000 rpm. These 
machines subject the specimen to pure bending, with a 
bending moment constant over its length and indepiendent 
of its stiffness. The effect of speed of testing steel speci¬ 
mens has been thoroughly and frequently investigated, 
and has been found to have no effect on the results of the 
test.* 

The two types of fatigue specimens used are shown in 
Fig. 2. The unnotched specimens are modified from the 
standard R. R. Moore specimen in that the fillets at the 
ends of the latter specimen have been eliminated. 


* Prevention of Ike Failure of Metals Under Repealed Stress, John Wilej' and 
Sons, Inc., New York, p. 113 (1041). 



Fig. 1—SO-Kva. Mechanically Operated Flash Welder 
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Tabla 1—8tatie>T«naion Taata o£ Flaah-Waldad ^/t-In. Diameter S.A.E. 4130 Round Bar Heat Treated to Various Strength* 






Ultlaate 




Tlald 

Tensile 

Elenga-* Red, of 

Heat Treatnent 

Beat Sreatoant 

Strength* 

Strength, 

tlen, Area, 


!Ti5T»jr>l 


'TiTTLOrn 



Saraalised at l679*F. Ttereldad 

Somllred at l673*7«« draws 
at 850»r. " 

Vomallsed at l67^*F«t draws 
at quanohad fToa l600*F«f 

draws at 1010*F, ■ 

Ibmalliad at l675*V*t draws 
at 8^*F., quasdad fTon l600*F*t 
draws at 775*^* " 

Iforaalisad at lS75”7«t draws 
at 650*F, Mass 

XBraalitad at .l675*F«t draws 
at 6^0*F., qsasebad fTon l600*F«, * 

draws at 1010*F» 

Iforsalicad at l675*V*» draws 
at 6^*F«« quan^d firoc l600*F«( * 

draws at 775*7'* 

lortiallted at l67S*F»i draws Moraaliiad at X6j^*T. 
at 850*F. draws at 8^*F« 


71,000 111,000 21.5 57*5 

80,500 lOU.tOO 22.8 63.O 

1U4,200 151*?00 15*8 62.9 

173,800 185,800 U.O ^.9 

78,000 101,200 l$,k 6l.O Uziaffaotad ter, 

141,000 148,500 14.0* 63.4* 3 is smffaetad ter, 1 oa 

waldllae. 

152,000 163,300 1.5 6.7 3 OB waldllaa, 1 adjaeast 

to wold. 

„ 2 Is snaffaetad ter. 1 as 


at 850*F. draws at 850*F, 92,500 106,000 18.2 55.I valdllsa, 1 adjaeast t« 

vald* 

tersalliad at l675*V*, diewn Qsasehad froa l600*F., 
at 850*F. draws at 1010*F, 153,000 l60,000 14,5 6l,4 Omffaetad ter. 

Sorsalltad at l675*F., draws ^asohad froBl600*F*, 

at 750«F. draws at 775*', 181,000 194,500 9*4 ^.2 Oaaffaetad ter. 


* Araraga of thraa epaolsasa, Othv ipaeiaaBa H. * 3*2)(, K.A. ■ 3*4)(. 

W,ldlng Sobadol* 

Bub oU 

Cham. Comp. 

C .29 S .016 

Mb .61 Cr .94 

P .016 Mo .22 

8 Sh<Mf«troiiit onmal 

FIbaI dl, opwiing 


tutorl,! Coot 
Woldlaa Tim, 
Soo. VoftAM 
dttfiso flifhiBg 


.270 iBch 
.130 “ 


.400 “ 


2.6 Moosda 


S.4Toila 
4.0 * tn 


0 * cfclm 
.60 inra 


All welded bars were ground to 0.480 in. diameter, and 
were etched to determine the weldline location. A punch 
mark was put at the zone in the weld to which it was de¬ 
sired to apply the maximum stress. The bars were then 
cut off so that the punch mark was in the center of the 
finished length of the fatigue specimen. 

Unnotch^ specimens were carefully polished to re¬ 
move all tool marks, and were finished by longitudinal 



FIT GAOe 

Fig. 2—Small Rotating-Baam Fatigua Test Spacimans 


polishing with 4/0 emery. The notches in the notched 
specimens were finished by a light cut with a shadow- 
graphed lathe tool, and the notches themselves were 
shadowgraphed individually at 50 X. The notches were 
found to have radii between 0.009 and 0.011 in. in all 
cases. 

The specimens were all finished to 0.230 ^ 0.003 in. 
minimum diameter. AH stresses recorded were nomina] 
values computed as the outer fiber stress in an elastic 
cylinder having a diameter equal to the minimum diame¬ 
ter of the specimen. Factors entering the stress calcula 
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Fig. 3—^Endoranc* of S.A.E. 4130 UnwoUod 
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tion were checked carefully so that the nominal stress 
applied to the specimen was set to ^ 150 psi. in all cases. 


Results of Fatigue Testing 

The results of fatigue tests are given and plotted in 
Figs. 3 to 15, inclusive. 

Figure 3 ^ows the unnotched and notched endurance 
of all unwelded specimens. Figures 4, 8 and 12 each 
show the performance of three groups of unnotched spe- 
<;imens wUch have had the same heat treatment, one lot 
of which was imwelded, one of which was heat treated 
before welding, and one of which was heat treated after 
welding. Figures 5, 9 and 13 show the endurance of cor¬ 
responding specimens notched on the weldline, each fig¬ 
ure containing the results from three groups having the 
same heat treatment. Figures 6, 10 and 14 compare the 
notched endurance of specimens tested as-welded, while 
Figs. 7, 11 and 15 give the notched endurance of speci¬ 
mens heat treated after welding. Each of these latter 
groups of figures shows the notched endurance of un¬ 
welded specimens, of specimens notched on the weldline, 
of specimens notched near the weldline, supposedly in 
the “heat-affect^” zone of the weld, and of specimens 
notched some distance from the weldline, supposedly in 
the “drawn” zone of the weld. 

There is a variation in the location of the fracture in 
welded unnotched specimens according to the heat treat¬ 
ment. There is also a variation in the character of the 
fracture between some specimens and others. The “nor¬ 
mal” fracture found in small rotating-beam fatigue tests 
on steel is one which apparently begins at the surface in 
one or two points, continues to grow as a conchoidal sur¬ 
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Fig. 6—Endniaaoe oi SJLE. 4130. NonnaliMd, Drawn and 
Welded. Notched Spedmena 


face, and finally leads to failme in a ductile manner by 
“twisting” off. 

In the present tests, a number of fractures of un¬ 
notched specimens were not of this type, but were wholly 
brittle fractures across the flat plane of the weldline. 
There were also some specimens which failed in the nor¬ 
mal manner close to the weldline, as well as a number 
which failed in the normal manner in the drawn zone. 
The point of failure in the last group of specimens oc¬ 
curred, of course, at a point where the cross section of the 
specimen was relatively large. Thus, these failures oc¬ 
curred at a point of lower no min al stress than the maxi¬ 
mum applied to the specimen, and indicate localized 
weakening in the drawn zone. 

All the specimens normalized before welding and tested 
as-welded had a normal failure in the drawn zone, except 
for two which failed in a brittle manner on the weldline. 
Both groups of quenched and drawn specimens tested as- 
welded usually had brittle failures on the weldline, al¬ 
though a few specimens had normal failures in the drawn 
zone or in the weld zone. Practically all the specimens 
heat treated after welding failed normally on the weld¬ 
line. The fact that these normal failures were near the 
weldline is not indicative of particular weakness at the 
weld, since the highest stress in all cases was applied to 
the weld zone. 

The sp>ecimens which failed in a different manner from 
the majority in the group did not appear to be distin¬ 
guished by any unusual fatigue performance. In Fig. 15 
(a) are shown specimens which failed in the three different 
ways described above. The specimen at the left in this 
figure has failed in the normal manner but in the drawn 
zone. The heat-affected zone in this specimen is clearly 
visible after testing, but is not apparent in the specimens 
before testing. The specimen in the center of Fig. 15 (a) 
shows a britUe failure on the weldline, while that on the 
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Fig. 8—Endurance of S.A.E. 4130. Quenched and Drawn to 
150,000 Psi. Tensile Strength 



Fig. 12—Endurance of S.A.E. 4130. Quenched and Drawn to 
180,000 Psi. Tensile Strength 



Fig. 9—Endurance of S.A.E. 4130. Quenched and Drawn to 
150,000 Psi. Tensile Strength 




150,000 Psi. Nominal Tensile Strength and Welded. Notched 
Specimens 
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Fig. 14—Endurance of S.A.E. 4130. Quenched and Drawn to 
1^,000 Psi. Nominal Tensile Strength and Welded. Notched 
Specimens 



Fig. 11—Endurance of S.A.E. 4130. Normalised, Drawn, 
Welded, Quenched and Drawn to 150,000 Psi. Nomin^ Tensile 
Strength. Notched Specimens 



Fig. IS—Endurance of S.A.E. 4130. Normalised and Drawn. 
Welded, Quenched and Drawn to 180,000 Psi. Nomiaad Tensile 
Strength. Notched Specimens 
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right is characteristic of those having a normal failure in 
the weld zone. 


Diacussion of Results on Fatigue Testing 

The rotating-beam fatigue test on unnotched speci¬ 
mens measures the endurance of a material under an 
idealized stress condition. In the present tests, the 
material tested has been only the center portion (0.23 
in. diameter) of a larger flash weld (0.5 in. diameter). 
The results of the tests are thus useful, mainly for judg¬ 
ing the reasons for the performance of engineering struc¬ 
tures, rather than for predicting their performance. 
They may also be useful for judging the results likely 
to be obtained from a change in heat treatment of struc¬ 
tures. 

Normalized and drawn material is shown by Figs. 4,5, 
6 and 7 to have the best endurance if used as-welded 
without further heat treatment. This is to be expected, 
since endurance is closely related to hardness, and the 
heat-affected zone is, in general, harder than the normal¬ 
ized material. 

Figures 8, 9, 10 and 11 show fairly conclusively that, 
if the maximum strength must be obtain'ed from flash- 
welded bars by quenching and drawing at fairly high 
temperature, the heat treatment should be done after 
welding. Although it may appear from Fig. 9 that the 
as-welded specimens have a higher notched endurance 
than those heat treated after welding, the results on the 
unnotched specimens. Fig. 8, suggest strongly that there 
may be points of weakness in the as-welded samples 
which have not been discovered in the notched tests. 
The unnotched specimens apply high stress to a fairly 



Fig. 15(o)—Typical Fractures in Unnotched Fatigue Specimens. 

X2 



on Weldline 

large part of the weld, and may be expected to fail at the 
weakest point near the middle of the specimen, while the 
notched specimens apply high stress only to the very 
small amount of metal in the bottom of the notch. In 
general, the notched specimens will be useful mainly to 
find places of unusually high strength, while the un¬ 
notched specimens reveal regions of low strength. 

When the material is to be quenched and then drawn 
at a low temperature, the advantages of heat treatment 
after welding are even more pronounced, as is shown in 
Fig. 12. 

An unusual result is found in Figs. 11 and 15, which 
show the endurance of notched specimens quenched and 
drawn after welding. In all cases the endurance of the 
welded specimens is higher than that of unwelded speci¬ 
mens with similar heat treatment, the superiority t^ing 
more than 30% in the case of some notch locations. Sev¬ 
eral of these specimens were sectioned and careful hard¬ 
ness tests were made on them, but the hardness was 
found to be uniform through the weld zone, and equal to 
the hardness of the unwelded specimens. The notched 
endurance strength of these specimens has apparently 
been influenced greatly by the heating during welding, in 
spite of the fact that they were quenched and drawn after 
welding. This metallurgical anomaly has not been ex¬ 
plained satisfactorily. 

An interesting, but not unexpected, result is illustrated 
in Fig. 16, where the tests of all specimens notched on the 
weldline and tested as-welded are shown together. It 
will be seen that the prior heat treatment had no percept¬ 
ible influence on this particular property. 

The indications of these rotating-beam fatigue tests on 
flash-welded S.A.E. 4130 bar are that no advantage is 
conferred by normalizing after welding, but that, if maxi¬ 
mum endurance is desired, the material should be 
quenched and drawn after welding. In spite of this how¬ 
ever, some improvement in endurance over the normal¬ 
ized material was shown by material quenched and 
drawn at 1010® F. before welding and tested as-welded. 

Unfortunately, as will be reported in later sections of 
this paper, the results of tests on other shapes of speci¬ 
mens, more nearly approximating practical engineering 
parts, did not give as simple or dear results as these 
tests, nor were the results of the tests yet to be reported 
so favorable to flash welds. 


Part II. Flash-Welded Plates 

Part I described the results of rotating-beam fatigue 
tests on small flash-welded S.A.E. 4130 bars. These 
tests showed that the rotating-beam endurance of bars 
was not injured by flash welding, in that the endurance of 
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Tabl* 2—HMt Tr«atm«nt and Static-Tanaila Stratigth o£ Flash-Waldad Joints Mada in ^A-In. SA.E. 4130 Staal Plata 


Vald Ultiaata 

Za^ratory Haat Traataent Tanalla Stranjtth. » Leoatloa of 

Voa^r Bafora Veldln^ Aftar Valdlas Pouada pTaTi* ftaetora 



279- 1 ) 

Hem. at 1700*F* 

Baareldad 

l|U,200 

U6.20O 

118.000 


Uowaldad 

- 2 ) 

Ib'ava at 850*F« 

n 

123.500 


Control 

281- 1 ) 

qoenehad fron l600*T» 

Uawalded 

72.1100 

193.500 


1 

- 2 ) 

into oil. Cravn at 
9io*r. 

■ 

71.1^00 

191,000 


V 

252- 5 ) 
-10 ) 

Horn, at 1700*7. 

) Bora, at 1700*7. 

) Brawn at 890*7. 

42.900 

42.400 

113.500 

113.500 

Vald 

■ 

Veldod 

2 ^ 5 ) 
-10 ) 

Korn, at 1700*7. 

) ^lenchad froa l600*7. 

) Into oil. Zk*awn at 

) 910*7. 

63,000 
63.800 

168,900 

176,000 

■ 

■ 

Teit 

Spaelmeni 

261- 5 ) 

Sbrn at 1700*7. 

J Bona 

46,800 

125.000 

) Onaffaetad 

-10 ) 

Brawn at 850*7. 

) 

46,000 

123.000 

) Natal 


263- 5 ) 

Bora, at 1700*7. 

) 

66,200 

177.000 

Vald 


-10 ) 

Quenohad froa l6O0*7. 
into ell. Brawn at 

910*7. 

) Kona 

) 

) 

60,600 

162,000 
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(1) p«a«i« baaad on ttoalaal eroaa-aeotlenal area of reduced aeetlon of specimen .187” * 2.00" > .}7^ so» laebaa. 


v.'aldlng Schedule: 

Born off .75 

Upiet .19 Inch 

Material lost .9b Inch 

Velilag time 11 laeonds 


Trans, tap 

Sec. flaahlac TOlta^e 
Sbort-'Clreult current 
rinnl die opening 


L-2 

^.6 TOltS 
8 eyelea 
.75 laeh 


welded bars could be made as good as or better than that 
of unwelded bars by heat treating the former after weld¬ 
ing, The endurance of bars flash-welded from normalized 
and drawn steel was better after welding than before. 

Endurance of Flash-Welded Plates 

Plate-bending fatigue tests have been run to deter¬ 
mine the endurance of flash-welded plates and the effect 
of reinforcement on their endurance. 

The welds were made in ^/vin. S.A.E. 4130 plate, and 
the specimens were machined to V* In- thickness in the 
case of unreinforced specimens, or slightly thicker in the 
reinforced section of other specimens. The machining re¬ 
moved the surface left by welding and heat treatment. 

The same heat-treating procedures were used on the 
plates as were used on the flash-welded bars discussed in 
Part I of this article. Only one drawing temperature 
was used on plates, however, and this was higher than 
that used on bars intended to have the same tensile 
strength on account of the thinner section of the plates. 

Prepdiaiion and Mechanical Properties of Specimens 

All specimens for the static-tension and fatigue tests 
of S. A. E. 4130 steel plate Vi thick were flash welded 
on a Taylor-Winfield, 100-kva., hydraulically operated 
machine, using the welding schedule shown in Table 2. 
Prior to welding, the material was grit blasted to remove 
any scale formed during heat treatment. 

To check the quality and strength of the flash-welded 
joints, two specimens from each of the six groups of 
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fatigue specimens, and unwelded control samples hr 
each strength group, were machined into tension speci¬ 
mens. The reduced section was 2 in. wide, and was sur 
face ground on each side of the plate to a final thickness - if 
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used. The design of specimen is such as to afford the 
following desirable characteristics: 

1. An approximately uniform stress over a region ex¬ 

tending about •/» in. either side of the line of 

maximum stress. 

2. Low-stress regions at either end where the speci¬ 

men may be clamped. 

3. Smooth transition from the reduced section to the 

grip sections. 

Results of Bending Fatigue Tests 

Table 3 summarizes the restilts of static-tension and 
of plate-bending fatigue tests on unwelded control spe¬ 
cimens, both in the normalized and drawn condition* 
and in a heat-treated conditionf. 

Table 4 summarizes tests on specimens normalized and 
drawn, or heat treated (at the same time and under 
conditions identical to those of the control specimens) 
before flash welding. These specimens WM-e tested in the 
as-welded, heat-treated condition. 

Table 5 stimmarizes tests on specimens normalized 
before welding, and again normalized and drawn, or 
heat treated (at the same time and under conditions 
identical to those of the control specimens) after flash 
welding. 

* Specimens normalised at 1700° P. and drawn at 850° F. tor 120,000 psi, 
nominal ultimate tensile strength. 

t Specimens quenched from 1600° F. into oil and drawn at 010° F. for 
190,000 psi, nominal ultimate tensile strength. 
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Fig. 18—Detail of Plate-Bending Fatigue Test Specimens 


Vie in. Consequently, the flash, surface irregularities 
and decarburization were removed. The results of the 
tension tests are given in Table 2. Examination of the 
fractures showed that the weld was sound and free from 
apparent defects, and that failure had not occurred as a 
sharp cleavage fracture through the weld plane, but 
rather as a shear failure in, or very close to, the weld. 

Fatigue Testing Machine and Specimens 

Figure 17 shows the testing machine used for these 
tests. The rocker arm, visible at the right-hand end of 
the tes^t piece, is actuated by a cam of adjustable eccen¬ 
tricity. The dial gage permits measurement of the de¬ 
flection of this rocker arm. Measurement with SR-4 
strain gages on one specimen of any group gives a direct 
calibration of stress in terms of dial-gage readings. This 
calibration should be valid for all other specimens of the 
same elastic modulus and the same geometric shape. 

Specimens were tested in fully reversed bending at a 
speed of 1750 cycles per minute. With a small correction 
for dynamic inertia effects, the nominal surface stress 
values fer flush-ground specimens were believed to be ac¬ 
curate to about =^4%. Residual stresses due to machin¬ 
ing increased the error in loading to a possible *8% for 
the reinforced specimens. 

Figure 18 shows a drawing of the fatigue test specimen 


Table 3—Heat Treatment, Static-Tenaile Strength and Re¬ 
mits of Plate-Bending Fatigue Teats on Unwelded Control 
Speoimena 

A. Normalized Control Specimens 

These control specimens, containing no weld, were made from 
‘A-in. S.A.E. 4130 steel plate normalized at 1700® F. and drawn 
at 850® F. for 120,000 psi. nominal U.T.S. The static-tension 
test specimens were reduced to 0.187- x 2.00-in. cross section. The 
fatigue specimens were flush ground on both sides to Vi*ia- thick- 


ness. 

(See Fig. 18 (A).) 


Weld 

Lab. 

Maxi¬ 

mum 

Stress, 

Cycles 

Remarks, 

No. 

Psi. 

to Failure 

Location on Failure 

279-2 

123,500 

Static tension 


279-1 

118,000 

Static tension 


279-4 

89,760 

48,200 

Vz in. from max. stress line 

279-6 

78,500 

125,300 

*/i in. from max. stress line 

279-5 

70,200 

454,600 

*A in. from max. stress line 

279-3 

66,200 

667,600 

Vt in. from max. stress line 

279-2 

63,000 

2,226,100 

l‘/t in. from max. stress line 

279-7 

60,000 

1,179.900 

^/i in. from max. stress line 

279-1 

65.200 

above 12,000.000 

no failure 

279-8 

55,100 

779,000 

'/«in from max. stress line 


B. Heat-Treated Control Specimens 

These control specimens, containing no weld, were made from 
V«-in. S.A.E. 4130 steel plate quenched from 16()0® F. into <ril and 
drawn at 910® F. for 190,000 psi. nominal U.T.S. The static- 
tension test specimens were reduced to 0.187- x 2.00-in. cross sec¬ 
tion. The fatigue specimens were flush ground on both sides to 
V# in. thickness. (Siee Fig. 18 (A).) 


Weld 

Maximum 

Cycles 

Remarks. 

Lab. No. 

Stress, Psi. 

to Failure 

Location of Failure 

281-1 

193,500 

Static tension 


281-2 

191,000 

Static tension 


281-5 

124,400 

10,200 


281-2 

122,600 

11,100 


281-1 

107,600 

28,300 


281-3 

88,000 

89,900 


281-7 

80.000 

182,200 


281-8 

75,600 

277,400 


281-0 

71,400 

10,000,000 


281-4 

62,000 

6,000,000 

Did not fail 
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Tabla 4—HMt TrMtm«nt. Statie>T*nsil« Strwigth «nd Re¬ 
sults o£ Pl«t*-B«nditig Fatigu* T«sls on Spooiznona Hoat 
Traatad Balma Waldizig ^uid Taatad Aa-W^ad 

A. Specimens Normalized and Drawn Before Flash Welding 

These specimens were normalized at 1700‘’ P. and drawn at 850" 
F. for 120,000 psi. nominal U.T.S. The static-tension test speci¬ 
mens were reduced to 0.187- x 2.00-iD. cross section. The fa¬ 
tigue specimens were flush ground on both sides to Vi in thickness. 
(Sec Pig. 18 (A).) 


Weld 

Maximum 



Lab. 

Stress, 

Cycles 

Remarks, 

No. 

Psi. 

to Failure 

Location of Failure 

261-5 

125,000 

Static tension 


261-10 

123,000 

Static tension 


261-2 

60,000 

124,400 

No defects—in weld zone 

261-3 

.53,600 

205,000 

No defects—in weld zone 

261-1 

46,800 

507,600 

No defects—in weld zone 

261-9 

39,800 

522,500 

No defects—in weld zone 

261-7 

38,000 

1,034,900 

No defects—in weld zone 

261-6 

35,100 

Above 10,507.000 

No failure 

261-8 

35,000 

Above 11.601,100 

No failure 

261-4 

34,800 

1,154,900 



B. Specimens Heat Treated Before Flash Welding 

These specimens were normalized at 1700" P., quenched from 
1600" F. into oil and drawn at 910" F. for 190,000 psi. nominal 
U.T.S. before flash welding. After welding, the static-tension test 
sp>ecimens were reduced to 0.187- x 2.00-in. cross section. The fa¬ 
tigue specimens were flush ground on both sides to ‘/i in. thickness 
(See Fig. 18 (A).) 


Weld 

Lab. 

Maximum 

Stress, 

Cycles 

Remarks, 

No. 

Psi. 

to Failure 

Location of Failure 

263-6 

177,000 

Static tension 

In weld zone 

263-10 

162,000 

Static tension 

In weld zone 

263-8 

100,100 

21,200 

Failure in weld zone 

263-7 

74.800 

70,300 

started from two small 
defects and progressed 
to outer edges of 
specimen (Fig. 28) 

No defects—in weld zone 

263-2 

60,000 

203,700 

No defects—in weld zone 

263-4 

54,960 

153,300 

“Flat spot” weld defect 


Vt in. long and full 
specimen thickness 
from which failure pro¬ 
gressed to outer edges 
of specimen (Fig. 28) 


263-3 

54,960 

122,100 

“Flat spot” weld defect 
*/$ in. long and full 
specimen thickness 
from which failure pro¬ 
gressed to outer edges 
of specimen (Fig. 28) 

263-1 

49,900 

Above 10,081,500 

No failure 

263-10 

45,000 

383.000 

Weld defect V* in. long 
and full specimen thick¬ 
ness (possibly several 
inclusions) from which 
failure progressed to 
outer edges of speci¬ 
men (Pig. 28) 

253-6 

45,000 

1,434.000 

Weld-zone failure start- 


ing from small weldline 
inclusion near surface 
at center of specimen 
and progressing to 
outer edges (Fig. 28) 


Table 6 summarizes tests of specimens reinforced 10% 
on one side only, in the region of the weld. Table 7 sum¬ 
marizes tests of specimens reinforced 10% on each side, 
in the region of the weld. 

Figures 19 through 25 present these data graphically, 
in the fonn of S-N curves. Figure 22 shows S-N curves 
for all flush-ground specimens tested in the normalized 
and drawn condition. Figure 23 shows similar curves for 
all flush-ground specimens tested in the heat-treated con¬ 
dition. 
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Fiq. 19—RMultt of PUte-Bendino Fatigue Tests on Unwelded 
Flush-Ground Contr^ Specimens 


Discussioxi of Results 

The flush-ground plate-bending fatigue specimen was 
designed so that the stress distribution was relatively 
uniform for some distance on either side of the maximum 


Table 5—Heat ^uatment, Static*Teziaile Strength, and Re- 
suits ol Plate«Bendmg Fatigue Tests on Speciznana HMt 
Treated After Weldixxg 

A. Specimens Normalized and Drawn After Welding 

These specimens were normalized at 1700" P., flash welded, and 
again normalized at 1700® F. and drawn at 850® F. for 120,000 ps 
nominal U.T.S. after flash welding. The static-tension test speci¬ 
mens were reduced to 0.187- x 2.00-in. cross section. The fatigue 
specimens were flush ground on both sides to Vt in- thickness 
(See Fig. 18 (A).) 


Weld 

Lab. 

Maximum 

Stress, 

Cycles 

Remarks, 

No. 

Psi. 

to Failure 

Location of Failure 

262-2 

113,500 

Static tension 

In weld zone 

252-10 

113.500 

Static tension 

In weld zone 

252-4 

89.760 

17,600 

No defects—in weld zone 

252-2 

78.600 

34,700 

No defects—in weld zone 

252-3 

66,600 

55,100 

No defects—in weld zone 

252-1 

54,280 

342,700 

Possible defect—in weld 

252-7 

40,400 

831,400 

zone 

Possible defect—in weld 

252-9 

34,000 

1,189,300 

zone 

Possible excess decarburi¬ 

258-1 

31,800 

2.497,500 

zation—in weld zone 

258-6 

27,800 

Above 10,030,000 

No failure 


B. Specimen Heat Treated After Flash Welding 

These specimens were normalized at 1700" F. before flash weW- 
ing. After flash welding, they were quenched fr<Mn 1600" F. into 
oil, and then drawn at 910" F. for 190,000 psi. nominal U.T S 
The static-tension test specimens were reduced to 0.187- x 2.0O-ir. 
cross section. The fatigue specimens were flush ground on both 
sides to Vi in- thickness. (See Fig. 18 (A).) 


Weld 

Lab. 

Maximum 

Stress, 

Cycles 

Remarks, 

No. 

Psi. 

to Failure 

Location of Failure 

254-5 

168,500 

Static tension 

In weld zone 

254-10 

176.000 

Static tension 

In weld z<me 

254-1 

107,600 

4,300 

No defects—in weld zcrx 

254-2 

88,000 

18,400 

Failure !*/• in. frorr. 

254-4 

71.400 

52.400 

weld, in unaffected 
metal 

No defects—in weld zone 

254-9 

58,400 

94,000 


254-5 

52.600 

156,000 

No defects—in weld zone 

254-3 

42,600 

173.900 

No defects—in weld rone 

254-8 

42,600 

411,200 


254-6 

37,400 

685,000 


254-7 

26.900 

Above 10,000,000 

No failure 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


eo6-s 


NOVEMB0 




STtTC ur i I 

rtit^rn 





Fig. 20—Reniltt of Plate-Bending Fatigue Testa on Flush- 
Ground Specimens Heat Treated Before Welding 


stress line at which the weld was located. Figure 26 
shows the stress distribution, calculated from the applied 
moments and the cross-sectional area of the specimens, 
for flush-ground specimens without reinforcement, Fig. 
18 (A). The stress-coat patterns of Fig. 27, obtained 


Tahla 6—Hoat Troatment and F^aaults ol Plate-Banding Fa¬ 
tigue Teats of Specimens Reinforced on One Side 

A, Specimens Normalized and Drawn After Welding—Reinforced 
One Side 

These specimens were normalized at 1700® F. before welding. 
After flash welding, they were again normalized at 17t)0® F. and 
drawn at 850® F. for 120,0(K) psi. nominal U.T.S. The fatigue 
specimens were ground flush on one side and with 10% reinforce¬ 
ment on the other side. (See Fig. 18 (B).) They were accidentally 
ground to reduced thickness. Static tests were not made on these 
reinforced specimens. See Table 5 (A) for static properties of 
equivalent flush ground specimens (without reinforcement). 


W’eld 

Maximum 



Lab. 

Stress, 

Cycles 

Remarks, 

No. 

Psi.® 

to Failure 

Location of Failure 

258-7 

84,700 

114,500 

In unaffected parent metal 

268-5 

60.(K)0 

552,900 

In weld zone 

258-8 

48.200 

Above 10,000,000 

No failure 

258-3 

44,9(K) 

Above 10,043,000 

No failure 


* Stress calculated for unreinforced (flush ground) specimen, 
with same applied load, of standard thickness. 

B. Specimens Heat Treated After Welding—Reinforced One Side 

These specimens were nmmalized at 1700® F. before flash weld¬ 
ing. After flash welding, they were quenched from 1600® F. into 
oil, and then drawn at 910® F. for i90,(XX) psi. nominal U.T.S. 
The fatigue specimens were ground flush on one side and with 
10% reinforcement on the other side. (See Fig. 18 (B)0 Static 
tests were not made on these reinforcM specimens. &e Table 
5 (B) for static properties of equivalent flush ground specimens 
(without reinforcement). 

Maximum 

Weld Stress, Cycles Remarks, 

Lab. No. Psi." to Failure Location of Failure 

257-2 88,000 80,800 Weld-zone faUure re¬ 

vealed small weld 
' defect about ’Ae in. 

long and Vm in. 
thick 

267-3 (5) 70,000 169,400 

267-4 60,000 214,300 

257-1 50,000 407,800 Weld-zone failure re¬ 

vealed small weld 
defect about V< in. 
long and ^/j the speci¬ 
men thickness 

257-3 (a) 44,000 Above 10,403,000 No failure 

257-6 40,100 Above 10,140,700 No failure 

Specimen unbroken by Test (a) was reloaded in Test (5). 

* Stress calculated for unreinforced (flush ground) specimen with 
same applied load. 


Table 7—Heat Treatment and Reeults of Plate-Bending Fa¬ 
tigue Tests ol Specimens Reinforced on Both Sides 

A. Specimens Normalized and Drawn After Welding-»-Reinforced 
Both Sides 

These specimens were normalized at 17(K)® F. before welding. 
After flash welding, they were again normalized at 1700® F., and 
drawn at 850® F. for 120,000 psi. nominal U.T.S. The fati^e 
specimens were ground with 10% reinforcement on each side. 
(See Fig. 18 (C).) Static tests were not made on these reinforced 
specimens. See Table 5 (A) for static properties of equivalent 
flush-ground specimens (without reinforcement). 


Weld 

Maximum 

Stress, 

Cycles 

Remarks.t 

Lab. No. 

Psi.® 

to Failure 

Location of Failure 

256-4 (6) 

95,000 

20,100 

‘/le in. outside reinforcement 

255-2 

85,000 

51,400 

Vi in. outside reinforcement 

265-1 

70,000 

195,100 

*A in. outside reinforcement 

255-3 

55,000 

619.700 

In weld zone 

265-5 

50,000 

814,200 

In weld zone 

255-6 

50.000 

1.824,400 

In weld zone 

255-4 (a) 

45,000 

10,247,200 

No failure 

Specimen unbroken 

1 in Test (a) was reloaded in Test (6). 


* Stress calculated for unreinforced (flush ground) specimen with 
same applied load. 

t Specimens of this group were initially bent, as a result of 
machining and grinding the reinforcements. Electrical strain- 
gage measurements indicated that clamping these s|>ecimens in the 
fatigue testing machine introduced an initial stress of the order of 
6000 psi. or more. Consequently, the equivalent stress values 
listed above and plotted in Fig. 24 are lower than those which 
might have been obtained with specimens which had no initial 
bending. 

B. Specimens Heat Treated After Welding—-Reinforced Both 

Sides 

These specimens were normalized at 17(K)® F. before welding. 
After flash welding, they were quenched from 16(X)® F. into oil, and 
then drawn at 910® F. for 190,0(X) psi. nominal U.T.S. The fati^e 
specimens were ground with 10% reinforcement on each side. 
(See Fig. 18 (C).) Static tests were not made on these reinforced 
specimens. See Table 5 (B) for static properties of equivalent 
flush-ground specimens (without reinforcement). 

Maximum Cycles 

Weld Stress, to Remarks, 

Lab. No. Psi.® Failure Location of Failure 

260-5 130,(XX) 19,200 Outside reinforcement 

260-2 101,500 83,100 Outside reinforcement—*/*in. 

260-3 82,000 136,100 Outside reinforcement—Vie in. 

260-1 70,(XX) 3,374,900 Outside reinforcement—‘Ain. 

260-4 62,000 4,170,000 Outside reinforcement 

* Stress calculated for unreinforced (flush-ground) specimen with 
same applied load. 


when specimens were loaded in the plate-bending fa¬ 
tigue machine, confirm the relatively uniform stress 
condition. Included in Pig. 26 are typical hardness sur¬ 
veys across flash welds, showing that the weld zone, in 
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Fig. 22—Compazison of Fatigno PrmMrtiaa of Fluah^Ground 
Spedmeni Nonnaliaed for 120,000 Pti. U.T.S. 

which material properties are affected by the flash weld, 
lies within the region of nearly uniform stress. 

These test results lead to the conclusion that, in the 
case of a flat plate, the flash weld lowers the reversed 
bending-fatigue strength of the specimen. In ho case 
was the fatigue strength of the flash-welded plate as high 
as the strength of the unwelded control specimen, regairi- 
less of the heat treatment before or after welding. Re- 
inforcment of the order of 10% or more on each side of the 
specimen is required to bring the fatigue load-canying 
properties of the welded and heat-treated plate up to 
those of the unwelded heat-treated plate. Similar re¬ 
inforcement of sp>ecimen5 normalized and drawn after 
welding raised ^eir fatigue load-carrying properties; 
however, the data are inadequate for further conclusions. 

The plate specimens were weakened by apparently 
perfect flash welds, but, when extensive flash-weld defects 
were present, the bending fatigue strength was lowered 
even further. Figure 28 shows the fractured surfaces of 
the welds listed in Table 4 (B) (Group 263 of Figs. 20 and 
23). Several of these specimens, all of which were heat 
treated before welding and tested as-welded, contained 
extensive weld-zone defects. These defects were, for the 
most part, large-area ‘‘flat spots," a type of defect which 
occurs in production flash welding. Each specimen con¬ 
taining such an extensive defect failed at a lower life than 
corresponding specimens which had no defects. Not 
only was the specimen life reduced by more than 50%, 
but the endurance limit was also descreased by somewhat 
more than 10% in these defective specimens. However, 


influence upoji the fatigue properties of the weld. Speci¬ 
men 263-8, for example, contained two smnll "pene- 
trator" type weld defects, yet had a fatigue life compa¬ 
rable to wdds with no visible defects. 

Heat treatment after welding did not improve the re- 
versed-bending fatigue properties of these flash-welded 
plate specimens. In the range of lifetimes below 10* cy¬ 
cles, normalizing and drawing after welding did not 
change the bending-fatigue strength of specimens which 
had been normalized and drawn before welding. Fig. 22. 
It apparendy lowered the endurance limit somewhat. 



Fig. 24—Effect of Reinforcement Upon Fatigue Properties of 
Specimens Normalized and Drawn After WeldUig 



CTCLCS reniLtiac 


Fig. 2S—Effect of Reinforcement Upon Fatigue Prraerties of 
Specimens Heat Treated for Nominal 190,000 Psi. U.T.S. After 
Wading 






Fig. 23—Comparison of Fatigue Properties ci Flush-Ground 
Specimens Heat Treated IM.OOO Psi. U.T.S. 


Fig. 26—Stress Distribution in Flush-Ground nate-Bending 
Specimen and Typical Hardness Profiles of Flash Welds 

Specimens heat treated to a nominal 190,000 psi. ultimate 
tensile strength after welding had lower fatigue strength 
than specimens heat treated to a nominal 190,000 psi 
ultimate tensile strength before welding. The reduction 
in bending fatigue strength was comparable to that re 
suiting from the presence of severe defects, Fig. 23. Thi 
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fig. 27—Strew-Coat Patterns of Fliuh>Ground (^) and Reinferced (B) Flaah-Welded 
Plates Loaded in Plate^Bending Machine. Note Uniform Stress Condition in Weld 

Region of (i4) 


endurance limit appeared to have been lowered by nearly 
30%. 

In the case of flash-welded plates tested as described, 
heat treatment after flash welding seemed to lower the 
fatigue strength of the specimen. This is in distinct 
contrast to the results obtained in rotating-beam tests of 
flash-welded round bars, described in the first part of this 



paper, in which it was found that 
heat treating after welding restored 
the fatigue strength of the joint to 
that of the unaffected metal. No 
good explanation has been found for 
this apparent anomaly. 

The reduction in thickness from 
0.250 in. as heat treated and welded 
to 0.125 in. as tested, had the effect 
of removing entirely the decarburized 
zone at the siuface of the specimens. 
Therefore, decarburization cannot 
account for the observed decrease 
in bending-fatigue strength of flash- 
welded plates below the rotating- 
beam fatigue strengths of similarly 
flash-welded solid bars. 

In addition, as shown in the macro¬ 
graph of Fig. 29, this reduction in 
thickness removed, to a great extent, 
the outbent-fiber condition commonly 
present in flash-welded plate. Tests 
have shown that a very prominent out- 
bend-fiber condition lowers the rotat¬ 
ing-beam fatigue strength of flash- 
wdded round bars by very little.* 
Consequently, it . seems improbable 
that the minor outbent-fiber condition 
present in the flash-welded plate speci¬ 
mens caused tfie welds to be weaker 
in bending fatigue than the unaffected metal. 

Conclusiozu 


Bending-fatigue tests made on flash-welded S.A.E. 
4130 steel plates, under conditions in which surface de- 


* Procress Report No. 2 on 
Welds, Oct. 15, 1944. to Jan. 

KulBnia 

Project NRC-559, FaJigue Properties of Floik 
15, 1945, Appendix A. 
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Fi^. 28—Fractiured Surfaces of Plate-Bending Fatigue Sp>eciinen8 of Group 263 (Heat Treated Before Flash 
Welding). Defective Specimens Nos. 3, 4, 6 and 10 Had Lower Fatigue Strength Than Sound Welds Such 

as Nos. 1, 2, 7 and 8. (See Fig. 20) 
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Fig. 29—Macrograph of Section Through Flash-Welded Plate, Showing Outbent Fiber. , Contour oi Plate- 
Bending Fatigue Specimen Heis Been Superimix>sed, Showing Extent to Which Outbent Fiber Is Eliminated 

by Grinding to Reduced Thickness 



carburization and extensive outbent-fiber conditions 
were eliminated, indicated that the flash weld did lower 
the bending-fatigue strength of the plate. Heat treat¬ 
ment after welding did not restore the strength of the 
flash-welded joint to that of the unaffected metal; 
in fact, specimens heat treated after welding were weaker 
in bending fatigue than those in the as-welded condition. 
The presence of extensive weld defects lowered the fatigue 
strength and the endurance limit of some specimens 
below the values characteristic of good welds. Reinforce¬ 
ment raised the fatigue load-carrying properties of the 
flash-welded plates. 


Part III—Tests on Flash- 
Welded Tubes 


Fatigue Tests on Flash-Welded Tubes 

Purpose and Nature of Tests 

It is difficult to predict the fatigue properties of flash- 
welded tubes from the results of fatigue tests on speci¬ 
mens of solid section. In particular, the influence d 



(A) SIMULATED TUBE SECTION AFTER WELDING. AND 
DURING POST-WELDING HEAT TREATMENT. 


The rotating-beam endurance of small flash-welded 
bars was reported in Part I, where it was found that the 
endiuance was generally proportionate to the hardness 
and tensile strength, and thus that the endurance of the 
flash weld could be made equal to that of the unwelded 
material by heat treating after welding. 

Part II reported results of reversed bending fatigue 
tests on flash-welded plates.. It was found that the en¬ 
durance of plates in this test was seriously reduced even 
by apparently sound welds, and that heat treatment after 
welding did not result in so good an endurance as did 
heat treatment before welding. 

The present section describes fatigue tests on flash- 
welded S.A.E. 4130 tubes and simulated tubes about 1 in. 
O.D, 


THRCAO 


L.H. THa ON DRIve END. 
R.K THD. ON DRIVEN ENO 



TO FIT TAFEREO BUSHINA. 
(TAPER ABOUT 2* PER FT.) 


EXTERNAL FLASH 
SROUNO TO A * 


(B) FINISHED TEST PIECE MACHINED FOR MOUNTING IN 
FATIGUE TESTING MACHINE. 

Fig. 30—Flesh-WAided Tube Fatigue Teat Piece 
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internal flash on the fatigue strength is unknown. 

Such tests present experimental difficulties in view of 
the possibility of failure from gripping stresses. Accord¬ 
ingly, preliminary tests were run to develop a satisfactory 
specimen design. Two types of specimen were tested, 
but the actual fatigue tests have t^n sufficient only to 
afford a preliminary simvey of the problem. 

Tests on Flash-Welded Simulated Tubes 

Specimen Design and Preparation. —To avoid grip 
failure in fatigue tests, it is common practice to reduce 
the center section of iJie test piece. Such reduction is 
difficult for tube sections. Accordingly, solid 1-in. 
round bars were so machined and welded as to give a test 
piece having a thin-walled central section (containing the 
flash weld) but relatively solid grip sections. 

Figure 30 (A) shows the simulated tube section used. 
Preliminary tests on specimens with the indicated taper 
for the reduction in w^ thickness all failed in the center 
section at or near the flash weld. Figure 30 {B) shows 
the finished test piece ready for mounting in the testing 
machine. This will be discussed in more detail later. 

The simulated tube specimens for this phase of the 
investigation were made by machining 1-in. round S.A.E. 
4130 bar to the shape shown in Fig. 30 (A) and then flash 
welding. All bars were first normaliz^ at 1700° F. 
The bars to be welded and tested without further heat 
treatment were drawn after normalizing. Those to be 
heat treated before welding were quenched and drawn. 
The simulated tube shape described above was machined 
out of the normalized or heat-treated bars, which were 
welded, and any postwelding heat treating specified was 
then done on the welded specimens. Before welding, all 
material was grit blasted to remove any heat-treating 
scale, and then washed in carbon tetrachloride to remove 
any oil, dirt or foreign material. 

Several trial specimens were made to check the ad¬ 
justments on the flash-welding machine, and to see that 
satisfactory welds were being made. Preliminary tests 
indicated that the welding schedule (bottom of Table 8) 
used for fabricating the fatigue specimens was satisfac¬ 
tory. 

During welding, considerable difficulty was experi¬ 
enced in maintaining perfect alignment of the work. This 


was probably due to the eccentricity of the rolled surface 
of the bar which, combined with the normal tolerance 
variation of the machine, produced an offset in some speci¬ 
mens as high as 10%. The effect of this offset is fur¬ 
ther described in the body of this report. 

Static tension tests were made on two simulated tube 
specimens from each of the heat-treatment groups to 
check the strength and quality of the welds. All speci¬ 
mens fqiled adjacent to the weld, indicating that the 
weld with the flash intact was satisfactory and stronger 
than the unaffected material. Control tension specimens 
for each heat treatment were made from a 1-in. round 
bar that was reduced in section to a diameter of 0.750 in. 
The results of these tests are given in Table 8. 

Examination of Simulated Tube Specimens. —Table 8 
shows the static-failure load values for flash-welded 
tubes. Stress values, based upon approximate cross- 
section area, are reasonably close to the values for the 
tensile bars, with one exception. The value (232,000 
psi.) for tubes quenched and drawn after welding is quite 
high. 

One specimen from each group was sectioned and 
given a hardness check. Table 9 shows the results. 
The high-hardness value for the specimen quenched 
from 1600° F. and drawn at 550° F. after welding, affords 
correlation with the high-tensile test values for specimens 
of this group. It appears necessary to conclude that the 
specimens quenched and drawn ^ter welding received 
an effectively different heat treatment from those 
quenched and drawn (at the same temperatures) before 
welding. 

Since the material quenched and drawn before welding 
was quenched as 1-in. diameter solid bar, while that 
quenched after welding had a hole all the way through, 
in addition to having a thin wall only 0.1 in. thick over 
the major portion of its length, the disparity in hardness 
and tensile strength between the two groups is not siu-- 
prising. 

Finally, many specimens were checked for the amount 
of offset of the two halves produced by inconsistent 
alignment during welding. One end of the specimen was 
mounted in a vee block. The specimen was rotated 
slowly, and the motion of the other half at a point just 
beyond the weld measured with a dial indicator. Half 


Table &~-Stetic Tension Tests o£ S.A.E. 4130 Solid-Bar Control &>ecimens and Flash-Welded Simulated Tubes 1 s 0.101-In 

Wall Thickness Heat Treatea to Various Strengths 


Ultimate 


Control Tensile Test 
Pieces 

Weld 
Lab. No. 
N.D.-l 
N.D.-2 

--Heat Tri 

Before Welding 

Norm, at 1700* F. Drawn at 
850“ F. 

iatment-» 

After Welding 
Unwelded 

Unwelded 

Tensile 

Lbs. 

51,100 

51,000 

Strength 

Psi. 

115,700“ 

115,500“ 

Location of 
Fracture 


Q-D.-l 

Q.D.-2 

Norm, at 1700“ F. 
from 1600“ F. 
550“ F. 

Quenched 
Drawn at 

Unwelded 

Unwelded 

79,600 

80,300 

180.000“ 

182,000“ 


Welded Test Speci¬ 
mens 

277-5 

277-10 

Norm, at 1700“ F. 
850“ F. 

Drawn at 

None 

None 

32,000 

32,000 

112,0001 
112,000t 

Adj. to weld 
Adj. to weld 


275-5 

275-10 

Norm, at 1700® F. 
from 1600“ F. 
550“ F. 

Quenched 
Drawn at 

None 

None 

49,800 

47,200 

174,500t 

165.000t 

Unaffected tube 
Unaffected tube 


276-5 

276-10 

Norm, at 1700“ F. 


Norm, at 1700“ F. Drawn at 
863“ F. 

31,600 

32,000 

llO.SOOf 

112,000t 

Unaffected tube 
Unaffected tube 


278-5 

278-10 

Norm, at 1700“ F. 


Quenched from 1600® F. 
Drawn at 550“ F. 

66,100 

67,000 

230.100t 

234,500t 

Unaffected tube 
Unaffected tube 


• Specimens reduced from 1 in. to 0.75 in. tor 3-m. length. Cross-sectional area. = 0.442 sq. in. 
t Cross-sectional area of simulated tube section, 1 in. in diameter and with a wail thickness of 0.101 in., is 0.286 sq. in. 
Welding Schedule: 

Bum .off. 0.25 in. Trans, tap. 1^2 ' 

Upset. 0.19 in. Sec. flashing voltage. 6.6 v. 

Material lost. 0.44 in. Short-circuit current. 2 cycles 

Welding time. 3 sec. Final die opening. 0.37 in. 
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DIMENSIONS IN INCHES. 


A. INSlOe FLASH AND. 0£CAR8URlZ£0 SURAkCE REMOVEO. 



Fig. 31—Dimensions of Flash-Welded Tube Specimens for Rotating-Beam Fatigue Tests 
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Table ll—Fatigua Teat Raaults for Flash-Waldad Sixnulatad 

Tubas 


Heat Treated to Nominal 180,000 Psi. Before Welding 


Specimen No. 

Offset, In.* 

Load (Bending Moment), 
In.-Lb.t 

Cycles to 
Failure 

275-6 

0.012 

3000 

27,(7)' 

275-1 

0.020 

2500 

48.00 

275-7 

o.oog 

2000 

90.ro' 

275-11 

0.017 

1800 

80,CF" 

275-2 

0.012 

1700 

168,(0 

276-3 

0.025 

1500 

142,01 

275-8 

0.007 

1300 

569,01 

275-4 

0.010 

1200 

825,0' 

275-12 

0.020 

1100 

372.10 

275-16 

0.020 

1100 

651.(0 

275-13 

0.020 

1100 

539,(0 


* Approximate maximum eccentric offset of two sections aft^r 
welding. 

t Measured moments corrected for weight of face plates a:^: 
specimen. Nominal surface stresses, in psi., are apprmcimately 
times these values. 


Tabla 10—Fatigue Test Results for Flash-Welded Simulated 

Tubes 


Normalized and Drawn to Nominal 115,000 Psi. Before Welding 


Speci¬ 
men No. 

Offset, In.* 

Load (Bending Moment), 
In.-Lb.t 

Cycles to 
Failure 

277-11 

0,008 

3400 

27,000 

277-4 

0,008 

2700 

25,000 

277-12 

0.012 

2300 

66.000 

277-1 

0.008 

2000 

49,000 

277-6 

0.008 

1700 

131.000 

277-2 

0.008 

1500 

673,000 

277-8 

0.008 

1300 

133,000 

277-9 

0.014 

1300 

551,000 

277-3 

0.008 

1200 

Over 6,000.000 


* Approxmate maximum eccentric offset of two sections after 
welding. (See text) 

t Measured moments corrected for weight of face plates and 
specimen. Ncnninal surface stresses, in psi., are approximately 17 
times these values. 


Table 12—Fatigue Test Results for Flash-Weldad Siznulstse 

Tubes 


Normalized and Drawn to Nominal 115,000 Psi. After Weklbx 


Speci¬ 

men 

No. 

Offset, In.* 

Load (Bending Moment), 
In.-Lb.t 

Cjrcles to 
Failure 

276-1 

0.005 

3600 

13." 

276-3 

0.007 

3000 

54,1 

270-8 

0.008 

2500 

147 • 

276-7 

0.008 

2000 

497. • 

276-2 


1760 

583,i- 

276-4 


1600 

641.C 

276-9 

0.608 

1400 

1,26«” 

276-12 

0.003 

1200 

Over 5,SS7.‘ ■ 


* Approximate maximum eccentric offset of two se cti o ns li - 
welding. 

t Measured moments corrected for weight of face plates 
specimen. Nominal surface stresses, in psi., are approxiznatch' - 
times these values. 

I These specimens failed at the reduction in wall thickness ^ 
others failed near the flash weld. 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


NOVDOSl! 


612-8 


















Fig. 32—F«tigu«-TMting Machine with Flash-Welded Tube Specimens 


of the indicated motion was taken as a measurement of 
offset eccentricity (after noting that this was large com¬ 
pared to the out-of-round variation). These values are 
given in the tables of fatigue test results. Unfortunately, 
the average offset eccentricity was high (about 0.011 in.). 
It was judged unreasonable to grind the external flash 
flush with the surface, or to grind off all decarburization, 
since such grinding would have produced excessively thin 
spots in the walls. Accordingly, the external flash was 
ground (with the specimen mounted on the original cen¬ 
ters made when machining the separate halves) so the 
flash was V64 in. above the nearest wall. Fig. 30 (5). 

Fatigue Testing Procedure .—Figure 32 shows a photo¬ 
graph of the fatigue testing machine with one of the tube 
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specimens mounted. This machine 
loads a specimen with a constant 
bending moment in a manner like 
that of the familiar R. R. Moore ma¬ 
chine. Only one feature in the pres¬ 
ent tests differed from the descrip¬ 
tion given in the Baldwin-South- 
wark literature on this Model SF- 
lOR machine. 

The manufacturer's method of 
mounting specimens (by a press fit 
of each end into a face plate) was 
found unsuitable for the tubular test 
pieces. The mounting method fin¬ 
ally adopted in the present tests 
was as follows: Tapered bushings 
were inserted (with a tight press fit) 
into the {ace plates fiuTiished with 
the machine. The test piece, ta¬ 
pered as shown in Fig. 30 (B), was 
firmly drawn into each face plate 
by a nut over the threaded por¬ 
tion of the test piece, and bar¬ 
ing against an inset grotmd on 
the inner face of the attachment 
face plate. It was foimd necessary. 
to use a left-hand thread on the 
drive end and a right-hand thread on the driven end to 
prevent loosening during the testing. It was also found 
that a thin (0.005 in.) copper shim between the tapered 
parts of the test piece and the bushings prevented fret¬ 
ting corrosion. With these two precautions, the mount¬ 
ing arrangement worked exceedingly well. 

Load values applied were read directly in terms of 
bending moment (after suitable small correction for the 
constant dead-weight forces of grips and specimens). 
Tests were run in terms of bending-moment load values. 

Attempts were made to compute the surface stresses. 
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COCtCS TO niulKK 


Fto. 35—Loed-Lilb Curve for Flash-Welded Tubes. Group 
276—^Normalised and Drawn to About 115,000 Psi. After 
Welding 


Rg. 33—Load-Life Curve for Flash-Welded Tubes. Group 
277—Normalised and Drawn to Nmninal 115,000 Psi. Before 
Welding 


Table 13—Fatigue Teat Results for Flash-Welded Simulated 

Tubes 














r 


\. 






K 

\ 



1 •• 

lOOO 







>o* <• .o’ . 0 * .o’ 

CVCUS TO FAILUffC 


Fig. 34—Load-Life Curve for Flash-Welded Tubes. Group 
275—Heat Treated to a Nominal 1^,000 Psi. Before Welding 


Heat Treated to Nominal 180,000 Psi. After Welding 


Speci¬ 
men No. 

Offset, In.* 

Load (Bending Moment), 
In.-Lb.t 

Cycles to 
Failure 

278-4 

0.013 

4000 

30,000 

278-1 

0.014 

3000 

100.000 

278-8 

0.009 

2300 

217,000 

278-11 


1900 

498,000 

278-7 

o.ois 

1600 

774,000 

278-12 


1300 

Over 2,207,000 

278-2 

oiooe 

1100 

Over 5,435,000 


* Approximate maximum eceentric offset of two sections after 
welding. 

t Measured moments corrected for weight of face plates and 
specimen. Nominal surface stresses, in psi., are approximately 17 
times these values. 
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Fig. 36—Load-Life Curve for Flash-Welded Tubes. Group 
2T ^—Heat Treated to a Nruuinal 180,000 Psi. After Welding 


For an ideal cylindrical tube of constant wall section 
with no stress raisers present, the surface stress is given 
by 

Surface stress (psi.) = —■ = ~ 

where M is the bending moment (inch-poimds), D and d 
are respective outside and inside diameters (inch). Di¬ 
ameters measured after fracture near the apparent start 
of fatigue cracks of simulated tubes varied within the 
. following limits: 

D = 0.990 in., d =* 0.807 in. 

D = 1.000 in., d = 0.780 in. 

These give values of k from 18.7 to 16.1. Roughly then 
the nominal maximum surface stress was about 17 times 
the bending moment applied. 

Failure always implied the production of a visible fa¬ 
tigue crack through a portion of the wall. Some speci¬ 
mens were not run to complete separation of the two 
halves, since this occasioned difficulty in maintaining load 
and excessive vibration of the machine. Tests showed 
that the additional number of cycles, from the time of an 
externally visible crack to complete circumferential fail¬ 
ure, was insignificant. 

Fatigue Test Results .—Tables 10, 11, 12 and 13 show 
the results of the fatigue tests. Figures 33, 34, 35 and 36 
show load-life curves plotted from these results. Several 
observations deserve note: 

1. For specimens heat treated to a nominal 108,000 
psi. before welding, results are particularly incomplete. 
This is largely due to the presence among this group of 
many specimens with large offset which did not permit 
good tests. 

2. Many of the specimens, normalized and drawn to 
a nominal 115,000 psi. after welding, failed at the inter¬ 
nal reduction in section. Examination of specimens has 
not shown any reason why such failure should be preva¬ 
lent for this particular group. It seems safe to suppose 


that the load-life curve, representative of the weld, would 
be at least as high as that indicated in Fig. 35. 

3. Comparison of the load-life curves shows mort 
scatter in the results for specimens tested as-welded than 
for those heat treated after welding. 

4. Comparison of all four load-life curves shows no 
certain variations of endurance limit with heat treatment. 
It does appear, however, that specimens heat treated 
after welding have longer lifetimes at high loads than do 
specimens heat treated before welding. 

5. As has been noted, stress values are uncertain. 
Roughly, all four specimen groups show an endurance 
limit of about 22,000 psi. 

From visual inspection, only two locations of failure 
were noted. By far the most common failure was a 
fatigue crack, apparently originating at the outer surface, 
in ^e heat-affected region of the weld. For one group 

(a) Normalized and drawn at 850® F. 

Static strength about 112,000 psi. 



Fig. 37—Typical Fatigue Failures of Flash-Welded Tubes 

Upper Specimen: Failure Near Weld 

Lower Specimen: Failure Near Reduction in Section 


Table 14—Flash-Welding Schedule for FIash»Waldad Tubes 


Bum off: 

Total Manual. ^/n in. 

Total Automatic. *®/it in. 

Upset. ^/n in. 

Total Material Lost. 1 Vu in. 

Automatic Welding Time. 15 sec. 

Trans. Tap. L-1 

Primary Voltage. 440 volts 

Short-Circuit Current Setting. 30 cycles 

Final Die Opening. 1 in. 
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(b) Quenched and drawn at 550" F. 

Static strength about 170,000 psi. 

Fig. 38—Fatigue Cracks in Flash-Welded Tubes Heat Tzeatsd 
Bwre Welding and Tested As-Welded 
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Table lS~-Haat Treatment and Results of Rotating-Beam Fatigue Tests on Flash-Welded Tubes. Normalised Before Welding 
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(a) Normalized and drawn at 850** F. 
Static strength about 111,000 psi. 




(fa) Quenched and drawn at 550* F. 

Static strength about 230,(XX) psi. 

Fig. 39—Fatigue Cracks In Flash-Welded Tubes Heat 
Treated After Welding 


of specimens (those normalized and drawn to 
a nominal 115,000 psi. after welding), fail¬ 
ures frequently occurred at the machined re¬ 
duction in section, especially at high loads. 
Photographs of failed specimens, Fig. 37, 
show these two positions of failure. 

Several failed specimens were sectioned and 
inspected under the microscope. Typical 
fatigue cracks are shown in Figs. 38 and 39. 
In general, most cracks originated adjacent 
to the weld but not on the weldline. Propa¬ 
gation from the point of inception varied 
somewhat, but was generally through the 
heat-affected region near the weld. No 
systematic variation in location or in type of 
failure appeared with varying heat treatment. 

Tests on Flash-Welded Tubes 

Specimen Design and Preparation .—The 
simulated tube specimens had several vari¬ 
ables over which little control could be exer¬ 
cised; namely, (1) variable offset of the two 
halves of the specimen, (2) surface decar¬ 
burization, (3) internal flash and (4) gener¬ 
ally unfinished outer and inner tube surfaces 
A modified design reduced the influence of 
these variables except for inside flash and 
decarburization, which could be left on or re¬ 
moved as desired. 
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Pieces of thick- 
walled S.A.E. 4130 
steel tubing were 
bored and reamed, 
and the outer surfaces 
finished concentric 
with the bore, prior to 
flash welding. The 
tubes were then flash 
welded on the 100- 
kva. flash welder, im- 
der carefully control¬ 
led conditions as listed 
in Table 14. The 
welded tubes, and 
suitable unwelded 
control specimens, 
were then finished to 
the dimensions of Fig. 
31. The inside flash 
and the as-welded in¬ 
ner-tube surface were 
left intact in half of 
the specimens, Fig. 31 
(B). In the remain¬ 
der, the inside flash 
and the decarburized 
layer were removed 
from the inside sur¬ 
face of the tubes. Fig. 
31 (.4). On all of the 
specimens, the outside 
flash and decarburized 
layer were removed, 
and the wall section 
was groimd down and 
polished in the region 
of the flash weld. In 
this way, the effects 
of surface roughness, 
variable offset and de- 
carburization were re¬ 
duced, while the in¬ 
fluence of the inside 
flash was accentuated. 
All tube specimens 
were heat treated be¬ 
fore final machining, 
that is, when the walls 
were approximately 
*74 in. thick. 

These tube speci¬ 
mens were moimted in 
bushings in the face 
plates of the testing 
machine by a shrink 
fit. The face plates 
and bushings wen- 
heated to 3o0° F 
while the specimens 
were cooled in dr\’ ice 
and acetone. 

Because of time and 
cost limitations, only 
one specimen was pre¬ 
pared for each com¬ 
bination of heat treat¬ 
ment and wall thick¬ 
ness. It was not anti¬ 
cipated that signi¬ 
ficant information 
would be obtained 
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from the number of cycles to failure with these speci¬ 
mens ; instead, it was hoped that it would be possible to 
determine from the fractures whether failure started 
at or.was influenced by the presence of the inside flash. 

Fatigue Test Results .—The testing procediu-e was es¬ 
sentially the same as that already described for the flash- 
welded simulated tubes. 

The conditions of heat treatment, specimen wall thick¬ 
ness and testing, and the results of the rotating beam 
fatigue tests on these flash-welded tube specimens, are 
presented in Tables 15 and 16. 

The flash-welded tubes used in these tests were welded 
with a Vi-in* thick wall. The tube wall was then 
machined to thicknesses between 0.162 and 0.075 in. 
before testing. (Variations from the dimensions of the 
drawing of Fig. 31 occurred in machining.) Conse¬ 
quently, the tu^ had unusually prominent inside flash, in 
comparison with the final wall thickness. 

By comparing the data of Table 16 with the results of 
the rotating-beam fatigue tests on simulated flash-welded 
tubes, it is evident that these specimens, welded and 
machined to more favorable conditions for fatigue test¬ 
ing, had generally higher fatigue strengths. 

In these few specimens, the tubes with the inside flash 
intact had, with one exception, higher fatigue strengths in 
terms of nominal maximum fiber stress (relative to the 
S-N curve for simulated flash-welded tubes) than tubes 
in which the inside fliash and decarburized layer had been 
removed by machining an 0.038-in. layer from the inside 
tube surface. Without exception, the tubes with flash 
intact had longer lifetimes under a given applied bending 
moment than tubes of the same O.D. with inside flash 
and a decarburized zone removed. In the case of these 
tubes, the extensive inside flash apparently reinforced 
and strengthened the welded tubes. The number of spe¬ 
cimens tested was too small, however, to conclude that 
this is generally true for all flash-welded tubes. 

Discussion of Results and Conclusions 

In view of the number of variables likely to have af¬ 


fected the fatigue properties of flash-welded simulated 
tubes, no conclusions of fundamental nature should be 
drawn. It seemed reasonable to find: 

1. Less scatter of results when specimens were heat 
treated after welding than when specimens were 
heat treated before welding. 

2. Generally, low stress values for any lifetime as 

compared to values for unwelded stock. 

3. Failure starting in the heat-affected region. 

It was somewhat unexpected to find: 

4. No notable effect of heat treatment on the endur¬ 

ance limit. 

5. As little scatter as appeared (in particular for spe¬ 

cimens heat treated after welding). 

More tests will be needed to separate the effects of vari¬ 
ous factors upon fatigue properties. 

Another point of view may be mentioned, however. 
All of the factors—rough surface, surface decarburiza¬ 
tion, offset, inner flash, etc.—may be considered as giving 
an effective stress concentration not unlikely to be real¬ 
ized in practice. With such stress raisers present, a flash- 
welded tube may have an endurance limit correspond¬ 
ing to 1300 inch-pounds of bending moment. Such a 
statement has so far been roughly justified only for tubes 
of S.A.E. 4130 steel, having about 1 in. O.D., a wall of 
about Vio in. and an offset of about 10% of wall thick¬ 
ness. However, additional tests might further justify 
such a limit and find similar limits for other cases. Such 
a procedure could afford practical information in ad¬ 
vance of the more fundamental but more difficult pro¬ 
cedure of investigating the importance of each separate 
factor. 

From the relatively few tests on flash-welded tubes, it 
appears that the prominent inside flash did not lower the 
rotating-beam fatigue test strengths. In most cases, the 
inside flash appeared to reinforce and strengthen the 
flash-welded tubes. In certain cases, however, the fa¬ 
tigue failtues started from the region of stress concentra¬ 
tion the edge of the inside flash. 


{Continued from page 508-s) 

by Coagress will aid the return to college 
of students whose sceintific and techno¬ 
logical education was interrupted by the 
war. Research Corporation grants will 
assist colleges in building research-minded 
staffs which will help train the students re¬ 
turning to colleges from the war. as well as 
the future contingents of students from 
our secondary schools in future years." 

The grants are made by the fact that 
during the war years research programs 


that would be normally supported by Re¬ 
search Ccn-poration grants have been laid 
aside in crder to free men and facilities for 
war research. 

Grants Made from Patent Revenues 

Research Corpmntion was begun in 1912 
with the gift, through Dr. F. G. Cottrell, of 
patent rights on electrical precipitation, 
which is used for removing dust, fume and 
mists from industrial gases and from the 
atmosphere. From revenues derived from 
these and other patents it has made grants 


(rf $1,279,637 in past years to 62 institu¬ 
tions. In recent years Research Corpora¬ 
tion has served universities by administer¬ 
ing inventions that may arise in their 
laboratories. 

To scientists of the Office of Scientific 
Research and Development. Army, Navy 
and other war research agencies, the possi¬ 
bilities of these grants are being made 
known with an invitation to send applica¬ 
tions to Dr. Robert R. Williams. Research 
Corporation, 405 Lexington Avenue, New 
York 17. N. Y. 
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The Relation Between the Hydrogen 
Content of Weld Metal and Its 
Oxygen Content* 

By L. Reeved 


Synopsis 

Considerable study of the welding of high-tensile steels in recent 
years has indicated that cracking may occur in the hardened zones 
of the base plate immediately ^jacent to the weld. It has been 
shown by several investigators t^t certain types of weld metal, 
including highly oxidized ferritic types and austenitic weld metal, 
are largely immune from this cracking tendency. It has also been 
shown more recently that this may be related to the diffusible hy¬ 
drogen content of the weld metal. 

The main purpose of the investigation reported in this paper is 
to determine the relationship between the FeO content of weld metal 
and its total and diffusible hydrogen content. 

It is shown experimentally that the total hydrogen content is 
slightly reduced, while the diffusible hydrogen content is con¬ 
siderably reduced, when the FeO content in the weld is increased. 
An attempt is made to explain these results theoretically on the 
basis of the data reported by Chipman {Transactions of the Ameri¬ 
can Institute of Mining and Metallurgical Engineers. 12S, 331 (1937)) 
for the system Fe-FeO-Hj-HjO at temperatures above the melting 
point of iron, and from a discussion of the probable behavior of 
the hydrogen in solution after solidification of the weld. Lepp’s 
paper on the same subject {Journal of The Iron and Steel Institute, 
1940, I, 339) is also discussed and is shown to lead to similar re¬ 
sults for liquid iron. 

The influence of microcavities and of inclusions is discussed, 
with particular reference to the influence of the active FeO content 
of the inclusions. It is confirmed that the baking of an electrode 
at 350® C. will reduce the hydrogen content in the resultant weld, 
but attention is drawn to the simultaneous change in the oxygen 
content which may occur. 

C ONSIDERABLE attention is being directed at 
present in several laboratories to the measure¬ 
ment of the hydrogen content of weld metal. 
Partly this is due to the considerable theoretical interest 
of the problem of the effects of this element on carbon 
and alloy steels, but chiefly it arises from the very prac¬ 
tical and established fact of the influence of this gas on 
the cracking of welds, particularly in the hardened zones 
of welded high-tensile steels. 

It is impossible in this short paper to enter in great 
detail into the metallurgical aspects of the welding of high- 
tensile steels, which have been discussed very fully dur¬ 
ing the last few years.*"* A brief summary of the main 
results is necessary, however, for an understanding of the 
part played by hydrogen in the cracking whidi may 
occur when these steels are welded. 


Influence oi Hydrogen in the Welding of High-Tensile 

Steels 

It was shown by Swinden and Reeve in one of the 
earliest of these investigations* that a most important 


* Receiv«<l January 17. 1945, by the British Iron & Steel Institute and re¬ 
printed with their permission. 

t Appleby-Frodingham Steel Co., Ltd., Scunthorpe. 


factor in the welding of high-tensile steels was the 
marked tendency for serious hardening to occur in the 
plate metal immediately adjacent to the welds. Under 
conditions of restraint, serious cracking could occur in 
these hardened zones. Considerable study was devoted 
to methods of avoiding such cracking, and suitable 
welding techniques were evolved to this end. The two 
main lines of attack were: 

1. To reduce the degree of hardening below certain 

limits by suitable control of the steel analysis, 
and by the deposition of the heaviest runs of 
weld metal possible; and 

2. the development of suitable welding electrodes. 

relatively free from cracking tendency. 

In connection with the latter point, Swinden and 
Reeve* reported, and it has since been confirmed bv 
several other investigators,*- * that two types of elec¬ 
trodes produced welds which were relatively immune 
from cracking in the hardened zone even in severeh' 
restrained welded joints. These electrodes were: 

1. “Soft” or oxidized mild-steel electrodes; 

2. electrodes depositing fully austenitic weld meU) 

of the high-nickel-chromium type. 

Soft electrodes were defined as those contmning less 
than 0.10% of carbon, less than 0.30% of manganese 
and less than 0.05% of silicon. A more exact definitiot^ 
is given later in this paper. 

It was suggested that the reason for the success o: 
these electrodes in preventing cracking was that the 
welds which they produced developed more favorabk 
stress conditions on cooling. 

Very few accurate measurements of the stress dis 
tribution adjacent to welds in relation to type of electrodt 
have been carried out, but the little work that has be^ 
done to date (e.g., by Professor Hanson and his co- 
workers®) on austenitic welds does not support the 
hypothesis that differences in this stress distribution art 
the main cause of the more favorable results obtained 
It has been shown by Hopkin and other investigators* * ‘ 
that the tendency to produce cracking is influenced bv 
the amount of moisture and other hydrogen-producinc 
constituents in the coatings of the electrode. Thus, ibt 
baking of electrodes at elevated temperatures usually irr 
proves their resistance to cracking, while the addition : 
moisture detracts from it. 

Ferritic electrodes have been designed with coatin:' 
low in sources of hydrogen, and are stated to show 
marked improvement as regards cracking tendency-.* 

It is therefore probable that cracking in the hai^cf-- 
zones of welded high-tensile steel is pr^uced by a o.-r. 
bination of: 
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(a) Hardened martensitic areas; 

(b) suitable stress conditions (which may produce 

initiating microcracks); and 

(c) a flow of hydrogen from the weld into this hard¬ 

ened zone, where it produces sufficient internal 
pressure to induce major cracking. 

Austenitic welds are relatively free from cracking 
tendency, owing td the greater solubility of hydrogen in 
austenite (see RoDason’), while Hopkin* and others have 
shown that the sensitivity of austenitic weld metal varies 
between different types, depending upon their hydrogen- 
containing constituents. 

The freedom of dead soft or oxidized electrodes from 
cracking is ascribed to the presence of blowholes, which 
retain ffie hydrogen as molecular or nondiffusing hydro¬ 
gen, and also to the oxidation of some of the hydrogen to 
steam, the net result being a lower hydrogen content 
diffusing into the hardened zone. Diffusing hydrogen 
is regarded as being in the atomic form (Hopkin*). 

It will be seen that a broad basis for the hydrogen 
theory of cracking of the hardened zone of welds has been 
laid down, but greater quantitative information is ob¬ 
viously desirable before it can be said to be fully estab¬ 
lished. 

It should be mentioned that the more oxidized weld 
metals are not only more immune to hard-zone cracking 
(when welding high-tensile steels), but are also less sensi¬ 
tive to welding cracks associated with high sulphur and 
high carbon contents. A fuller discussion of this aspect 
of weld cracking (in which hydrogen does not necessarily 
play a controlling part), wiU be given by the author in 
another paper now in course of preparation. 


Hydrogen Determinations 

Some data on the hydrogen content of different types 
of electrodes have been reported by RoDason.’ A mere 
detailed report by Sloman and Rooney on four elec¬ 
trodes, including their oxygen contents determined by 
vacuum fusion and iodine extraction, is in course of 
preparation. 

The author, in conjunction with the Central Research 
Department of The United Steel Companies, has been 
carrying out similar determinations for several years, 
and the results for 12 different welds, graduated in 
accordance with their FeO content as determined by the 
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fractional vacuum- 
fusion method,*'*® are 
presented in Table 1. 
The most oxidized 
electrodes, K, L, M 
and A, are at the top 
of the list and the 
least oxidized ones at 
the bottom. The 
hydrogen contents 
were ^so determined 
by vacuum fusion. 
“Low - temperature’' 
or diffusible hydro¬ 
gen was measured 
separately in each 
case by placing a pad 
of weld metal under 
mercury in the ap¬ 
paratus shown in 
Fig. 1 immediately 
after deposition. 
The pad was ap¬ 
proximately 6 cm. 
long and 1.5 cm. 
square, and weighed approximately 100 g. As far as 
possible, the conditions of welding the pad were standard¬ 
ized as regards current, size of electrode and time interval 
elapsing between the separate runs. Originally room- 
temperature evolution only was measured, but as the 
later stages of this evolution are extremely slow, occupy¬ 
ing a period of many days, the practice finally estab¬ 
lished was to heat the specimen in the mercury to 230- 
250® C. with the aid of the small electric furnace shown. 
Under these conditions, practically all the low-tempera¬ 
ture hydrogen is evolv^ within the first 5 hr., but as a 
precaution the specimen is allowed to cool overnight dnd 
heating is repeated on the following day for another 5 hr., 
making 10 hr. heating in all. 

A vacuum heating apparatus similar to that described 
by Stevenson and Speight** is now being installed, and, 
when completed, it is proposed to determine more ex¬ 
actly whether the volume of gas evolved in 10 hr. at 
250° C. is identical with that evolved at room tempera¬ 
ture over a much longer period. At present all that can 
be said is that the volumes are known to be approxi¬ 
mately equal. 


1—Appaiahu for th« Determina- 
ol Diiriuible Hydrogen in Weld 
Metu 


Table 1—'Ox 3 rgen, Nitrogen and Hydrogen Content of Welds 



Sleotnd* Type. 


aU-Wehl-Metal Aaatyrie. 




Ozygea. 




Hydngn. 
ao. per loo g. 


0. %. 



s. %. 

81. %. 


9 

mm 

910,. %. 


Total 

Total, 

%. 

IMffnl- 

ble. 

Vaemn 

ywloe. 


Dead woft 

0-04 

0-026 

0-02 

0-024 

Trace 

0-869 

0-018 

0-0036 



0-060 

1-68 

10-2 

k\ 


0-04 


0-02 

. 

Trace 

«•« 


»«• 

... 

«#« 


Trace 

e«. 

L 


008 


0-08 

. 

Trace 

0-916 

0-016 

0-0066 


0-211 

0-077 

Trace 

9-2 

M 


003 

0-625 

Trace 

. . . 

Trace 

«•« 

• •• 

... 




Trace 


A 

Soft 

0-04 

0-034 

0-14 

0080 

Trace 

0-723 


0-0096 


0-i766 

0-087 



B 

Soft claw A 

00? 

0026 

0-33 

0-034 


0-181 

0-189 

0-056 

0-076 

0-148 


1-28 


^1 

CIbm a, goneral pur¬ 
er E2ted at C. ! 

0-08 

0-046 

0-32 

0-036 

0-066 

• 

0-086 

0-106 

0-0166 

0-013 

0-068 

0-063 


■H 

Ox 

OOS 

0-036 

0 34 

0-026 


0-077 

gigiTTiM 

0-0166 



0-071 

2-7 


C 

Claaa A, general pur- 
poee 

o*oe 

0-028 

0-33 

0-036 


0-068 

0-127 

0-048 

0-041 

0-089 

0-031 

2-02 

■TibiS 

D 

Claae A, butt-welda . 

000 

0-041 

0-39 

0-029 

0-038 

0-046 

0-161 

0-085 

0-0126 

0-096 

0-Q44 

3-86 

17-6 

O 

ClaaB A, general pur- 
poee 

0-05 

0-086 

0-40 

0-023 

0-132 

0-036 

0-122 

0-032 

0-011 

0-0676 

0-0426 

6-6 

16-0 

F 

Claae A, butt-welde . 

008 

0-080 

0-20 

0-040 

0-118 

0-024 

0-124 

0-042 

0-020 

0-0656 

0-034 

4-96 

13-2 

N 

Claae A, high-t«asile 
(Mo. o-m%) 

008 

0-028 

0-43 

0-026 

0-166 

0-024 

0-098 

0-044 

0-044 

0-0714 


6-4 

14-0 


MS 
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In this connection, 
duplicate experi¬ 
ments on several 
welds have been 
found to agree to 
within about 20% of 
the gas volume, 
which, in view of the 
known heterogeneity 
of weld metal, must 
be regarded as fair 
.agreement. It is 
known that the upper 
part of a butt-wdded 
joint, for example, 
contains more FeO 
and less hydrogen 
than the lower part of 
the same weld; weld¬ 
ing conditions (e.g., 
current, arc length, 
etc.) no doubt also 
influence the results 

to some extent. 

With the exception of electrodes A, C and F, which 
were produced in the author’s laboratory, all the elec¬ 
trodes used are commercial types supplied by well-known 
manufacturers. 


Relation Between Hydrogen and Oxygen Content 

It will be noted that the hydrogen by vacuum fusion 
ranges from 6.1 to 17.6 cc. per 100 g., and that there is no 
very clear relationship between the total hydrogen and 
the total oxygen content, or between the total hydrogen 
and the FeO content, though on the average the most 
oxidized electrodes K, L, M and A, are lower in total 
hydrogen than the others. 

There is, however, a much closer relationship between 
the low-temperature or diffusible hydrogen {H)D, and 
the FeO content of the steel, as shown in Fig. 2 and, on a 
larger scale (up to 0.20% of FeO), in Fig. 3. The rela¬ 
tion is approximately hyperbolic (FeO) X {H)D being 
very roughly a constant, as shown in Table 2. The four 
heavily oxidized electrodes, K, L, M and A, have been 
omitt^ from the table, as their exact {H)D values are 
doubtful (see later). Qualitatively, however, their 
diffusible-hydrogen values are of the right order, being 
generally very low, in line with the high FeO content of 
these welds. 

Electrode B in Table 1 may be regarded as being at the 
limit of the oxidized type of electrode. In actual fact it 
is a well-known general-purpose electrode, not in the 
fully soft class, but known to be fairly immune in prac¬ 
tice from cracking difficulties, both in the weld and in the 
plate-hardened zone. Electrodes K, L, M and A are of 
the soft or dead soft type, and are capable of welding 
many high-tensile alloy and high-carbon steels (and also 
high-sulphur steels) without cracking. As already men¬ 
tioned, these completely oxidized types contain only 
small quantities of diffusible hydrogen, though still being 
fairly high in hydrogen (determined by vacuum fusion). 

It should be stated, however, that in one test on elec¬ 
trode K, a small quantity of hydrogen (1.53 cc. per 100 
g.) was evolved very soon after immersion under the mer¬ 
cury, though a repeat test on another pad, Kt, gave zero 
hydrogen. The weld metal from this electrode was po¬ 
rous, and it is possible that this hydrogen was actually 
nondifftisible but had evolved from pores close to, or in 
contact with, the surface. 

Electrode L, though equally soft as judged by chemical 


analysis, was free 
from obvious poros¬ 
ity, and, as shown in 
Table 1, gave no dif¬ 
fusible hydrogen 
whatever. 

Some complica¬ 
tions may therefore 
arise in distinguish¬ 
ing between diffusible 
and total hydrogen in 
those cases where 
considerable weld 
porosity is present 
It is probable, how¬ 
ever, that this will 
arise only in the e.x- 
trerae case of fully 
oudized electrodes. 
In practice these are 
likdy to be less im¬ 
portant than the partially oxidized elecriodes similar to 
B and C, where porosity is relatively slight, and where 
this particular difficulty regarding the measurement of 
diffusible hydrogen content has not yet arisen. 

Further tests are now proceeding which may modify 
the above conclusions in detail, but the broad outline of 
the relationship between the diffusible-hydrogen and 
FeO contents of weld metal seems to be fairly clear. It 
is probable that a similar relationship applies to steels 
made on a larger scale than weld metal, but further wort 
will be necessary to confirm this. 

Theoretical Discussion of Results 

That some relation exists between the FeO content of 
stegl and its hydrogen content has long been suspected 
A similar relationship in the case of oxidized copper has 
been known for some time (Allen and Hewitt**), but no 
experimental confirmation has been established for steel. 
The nearest approach to a solution for steel has been pro¬ 
vided by the experimental and theoretical work of Chip- 
man and his collaborators,**- ** which has been further 
amplified in a theoretical paper by Lepp.** Unfortun¬ 
ately, the methods of calculation used by the latter were 
needlessly complicated, as was pointed out in the dis¬ 
cussion on his paper, particularly by Phragmto. 

Hydrogen-Steam Equilibria over Liquid Iron 

It will be shown below that the quantity of hydrogen 
in liquid iron in equilibrium with FeO in solution can be 
calculated by simple methods from Chipman’s equilib¬ 
rium data and Sieverts’ law, both of which are based upcn 
experimental determinations. It will also be shown 
Lepp’s equations, slightly modified, will give similar rt- 
suits. ♦ 


- 1 - 

Tabl« 2—R«l«tion BatwMXi Diffuaibl* Hydrogen, (H)D. 
and FaO Contants of Welds 


Blectrode. 

PeO. %. 

0.e. 

par 100 g. 

PcO X 
(If)®. 


O-lSt 

1-68 

OS3 

C ..... 

O-OftS 

SOS 

0-14 


0077 

S-7 

0-Sl 


0-046 

386 

0-18 


0-0S6 

6-6 

0-S3 


0-064 

4-96 

0 -is 

N .... 

00S4 

6-4 

0-16 

Avenge 

0-19 



Fig. 2—^Relation Between DiifusiUe 
Hydrogen and FeO Content of Weld 
Metal 



Cc. per /OOf, 

Fig. 3—Ration Between Diffusible 
Hydrogen and FeO Content of Weld 
Metal. (Part d Fig. 2 on Larger Scale) 
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T«bl* S’—Chipman*fl Dftta lor VoIum el Ht/H^ Ratioe 
Over Idguid Iren Containing Diaeelred FeO 


F «0. %. 

Bqailflwtam BatiD Ea/HgO at— 

INO* 0. 

1600* 0. 

1700*0. 

0-01 

61-0 

114-0 

218-0 

0-02 

40-0 

67-0 

108-0 

0*06 

16-1 

22-7 

43-0 

010 

8-1 

11-4 

21-8 

0-20 

4-0 

6-7 

10-8 

0-60 

1-6 

2-3 

4-3 

1-00 

0*81 

1-14 

2-18 


The method of calctilatioa employed is to make use of 
two sets of experimental data, viz.: 

(1) The data of Chipman and his co-workers’*- on 

the equilibrium Fe-FeO-Hj-HjO; and 

(2) Sieverts’ data on the solubility of hydrogen in 

liquid iron, together with the relat^ Sieverts’ 
law. 

Chipman and his co-workers have shown in a series of 
brilliant experimental investigations that equilibrium 
in the reaction: 

Fe(Bg.) + HiO(sh) ^ FeO(u,,) 

at liquid-iron temperatures is governed by the simple 
equilibrium constant: 

^ = 1% FeO] 

The value of this constant was determined by them by 
circulating steam-hydrogen mixtures over molten elec¬ 
trolytic iron in the temperature range 1550-1770® C., 


Tabl* 4 -Soliibility ol Hydrogan in Liquid Iron at 15S0, 
1600 and ITOO** C. in tiM P raaa nc a ol Diaaolvad FaO 


PaO. %. 

Eydfogu). 

In BqollOntam 
Qai. Atm. 

InMeteL 

%. 

InMetaL 

C.e. per 100 g. 

mo^ c. 




0-01 

0-088 

0-00260 

27-8 

0-02 

0-077 

0-00240 

27-7 

0-08 

0-048 

0-00244 

27-2 

0-10 

0-800 

0-00238 

26-4 

0-20 

0-800 

0-00228 

26-0 

0-80 

0-616 

0-00107 

21-0 

100 

0-448 

0-00168 

18-7 

m<p c. 




0-01 

0-002 

0-00266 

20-6 

0-02 

0-084 

0-00268 

20-6 

0-08 

0-088 

0-00262 

20-1 

0-10 

0-020 

0-00287 

28-6 

0-20 

0-862 

0-00247 

27-6 

0-80 

0-607 

0-00223 

24-8 

1-00 

0-833 

0-00108 

21-7 

2700^ C. 




0-01 

0-006 

0-00202 

32-6 

0-02 

0-008 

0-00201 

82-4 

0-08 

0-070 

0-00280 

82-2 

0-10 

0-087 

0-00287 

32-0 

0-20 

0-017 

0-00281 

31-8 

0-80 

0-812 

0-00264 

20-4 

1-00 

0-683 

0-00242 

27-0 


finally analyzing the iron melt for oxygen by the vacuum- 
fusion method. From these results it was shown that in 
this temperature range: 


logii: 


10,200 

T 


+ 5.50 


The relations between Hj/HjO in the equilibrium gases 
and the FeO content of the iron at 1550, 1600, and 1700° 
C. have been calculated from Chipman’s data and are 
given in Table 3. It is obvious from these figures that 
the percentage of hydrogen in the equilibrium gases falls 
as the content of FeO in the iron increases. It also falls 
as the temperature is reduced. 

It may be surmised from these data that the quantity 
of hydrogen dissolved in the iron will also fall as the quan¬ 
tity of oxygen in it increases, but Chipman (who was 
mainly concerned with the gaseous equilibria) did not 
determine the amount of hy^ogen dissolved in his speci¬ 
mens. 



Ca p*r /OOy. 


Fig. 4—Solubility of Hydrogen in 
Liquid Iron in the neeence of Dieeolved 
FeO 


Hydrogen Con¬ 
tent of Liquid 
Iron in Pres¬ 
ence of Dis¬ 
solved FeO 

The amount of 
hydrogen in solu¬ 
tion in the mol¬ 
ten iron at these 
temperatures 
can be calculated 
from Table 3 by 
applying Sie¬ 
verts’ law (i.e., 
solubility is pro¬ 
portional to the 
square root of 
the hydrog'en 
pressure), to¬ 
gether with his 
solutnlity deter¬ 
minations of hy¬ 
drogen in liquid 
iron,’* viz.: 


Hydrogen Solubility in Liquid Iron at 1 Atm. (Sieverts) 

Temperature, ® C. 1550 1600 1700 

Hydrogen solubility, %.. 0.00252 0.00267 0.00293 


A total pressure of Hj + HaO of 1 atm. in the gases 
surrounding the iron will be assumed. The results of 
these calculations are shown in Table 4 and Fig. 4. For 
purposes of comparison with the author’s experimental 
data, the percentage of hydrogen has been recalculated in 
the last column in terms of cubic centimeters per 100 g. 
of iron. 

Similar results to those reported above can be obtained 
from equation 7 of Lepp’s paper.’* Modified slightly 
in the light of Phragm^n’s criticism, it is as follows: 

_ (HaO)* 

[%FeO]*[%HP(Ha') 

and 


log a: 


23,580 

T 


-7.55 


The constituents in solution in the molten iron have been 
placed in square brackets, and the gaseous constituents, 
expressed in atmospheres, in round brackets. T is the 
absolute temperature. 
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If this equation is used in conjunction with Chipman's 
equilibrium data for (Hj)/(HjO) to calculate solubilities 
in the presence of, say, 1% of FeO, the following r^ults 
will be obtained: 

Hydrogen Solubility in Liquid Iron containing 1% of FeO 
(calculated by Lepp’s equation) 

Temperature, ° C. 1550 1600 1700 

Hydrogen content, %. 0.0016 0.0018 0.0024 

These results are almost identical with those reported 
in Table 4. Phragmdn, in bis discussion, quotes a figure 
of 0.0018% hydrogen in solution in liquid iron at 1600® 
C. when saturated with FeO, as compared with 0.0026% 
in molten iron free from FeO. These figures are again 
in line with the results of the author’s calculations in 
Table 4. 

Before leaving Lepp’s results, it should be pointed out 
that in Fig. 5 of his paper,'* he made the serious mistake 
of extending his calculations based upon the afore¬ 
mentioned equation to FeO contents in solution in liquid 
iron as high as 30%. Such solutions, as pointed out by 
Phragm^n, are incapable of being obtained in actual fact, 
and, no doubt realizing this, Lepp tried to get out of the 
difiiculty by extending his deductions to liquid steel in 
contact witt slags containing “about 20% of FeO.” If 
he had confined his calculations to values of [FeO] up to 
about 1.0% he would have obtained very similar curves 
to the present author’s, and Phragm4n’s criticisms would 
no longer have applied. 

Referring again to Table 4, it will be noted that the 
total hydrogen in solution in oxidized iron, or weld metal, 
at the melting point will be quite appreciable. In fact, 
the amount in the most highly oxidized weld metal con¬ 
taining about 1% of FeO should be about 60% of that in 
weld metal practically free from FeO. This, broadly 
speaking, is confirmed by the experimental data in Table 
1, ih which, as already pointed out, the total hydrogen 
content of fully oxidized weld metal, though lower than in 
less oxidized types, is still quite appreciable. The mag¬ 
nitude of the experimental values reported here cor¬ 
responds very approximately to the theoretical figures 
in Table 4 for molten iron at about 1550® C. Closer 
agreement cannot be expected without more detailed 
knowledge of the partial pressures of hydrogen and HaO 
in the gases surrounding the welding arc, concerning 
which little is known (see Larsen*^). 

Hydrogen Equilibria in the Solid Weld 

We must now consider what happens to the hydrogen 
in the weld after solidification. Here the position is more 
complex and less amenable to exact treatment. Neither 
Chipman’s data nor Lepp’s calculation, which apply to 
liquid iron only, are of much assistance for the exact 
^ solution of this problem, and the following discussion 
covers only its broad outlines. 

It is suggested that, despite the rapid rate of cooling, 
equilibrium between hydrogen, HjO and FeO in the solid 
weld tends to be established, but is modified by the 
effects of solidification. These are: 

1. Numerous FeO inclusions or compound oxides and 
silicates containing FeO are thrown out of solution. A 
very small amount of oxygen remains in solution. 

2. Hydrogen remains in solution, but tends to diffuse 
into the microscopic cavities between the inclusions and 
the weld metal, and into blowholes and other voids. At 
elevated temperatures, where the permeability is high, 
some exchange of hydrogen between the cavities and ^e 
iron lattice will no doubt take place, but this will be less 
marked as the temperature falls. At lower tempera¬ 
tures hydrogen can diffuse into these cavities, but will 


diffuse out of them only very slightly. The greater the 
number of these voids ^e larger is the amount of hydro¬ 
gen finally left in the nondiffusible form. 

3. The well-established data for the equilibrium be- ! 
tween solid FeO, iron, hydrogen and HjO, which have 
been investigated by numerous workers, will apply to 
the hydrogen which has diffused into the space adjacent 
to indusions containing FeO. The greater the amount 
of the reducible FeO in these inclusions (i.e., the greater 
the activity of the FeO), the larger is the percentage of 
this hydrogen converted to HjO, the limiting factor being 
the equilibriiun ratio H 2 /HJO for the solid system Fe- 
FeO. (The value of this equilibrium ratio is approxi¬ 
mately unity at a temperature of 1200® C., falling with 
decrease of temperature.) 

4. The H 2 O produced in the cavity is probably in¬ 
capable of diffusion out of it, even at elevated tempera¬ 
tures, whereas the hydrogen, as already explained, is 
subject to such balanced diffusion. The net result is 
that more hydrogen will enter such cavities to adjust the 
hydrogen bdance between lattice and void, rather on the 
lines of the well-known osmotic action across semi- 
permeable membranes. Hence, inclusions containing 
FeO will tend to attract a larger quantity of hydrogen 
than inclusions not containing FeO. 

5. The net result is that the proportion of non¬ 
diffusible hydrogen will be the greater, the larger the 
munber of inclusions (or other microvoids) and the 
larger their reducible FeO content. 

It follows that some of the nondiffusible hydrogen in 
welds must actually be H 2 O—possibly as much as 50^ 
of it. It would be of the greatest interest to be able to 
determine this constituent separately. Neither the 
vacuum-fusion nor the vacuum-heating method is cap¬ 
able of distinguishing between hydrogen and HiO. In 
the vacuum-fusion method H 2 O will react with the 
graphite crucible to form CO and hydrogen. In the 
vacuum-heating method the equilibrium mixture of hy¬ 
drogen and H 2 O in the voids w^ lose hydrogen by diffu¬ 
sion, whereupon the remaining HjO will react with iron 
to produce more hydrogen, imtil practically all the HjO 
diffuses out as hydrogen. (It is most unlikely that HjO 
could diffuse as such through the iron lattice.) Both 
Stevenson" and Newell'* have reported steam in the 
gases collected in the vacuum heating of steel, but both 
state that this may have been derived from sources other 
than the steel or by reaction with surface oxygen. 

Returning to the question of the quantity of non¬ 
diffusible hydrogen, this should be quite appreciable 
even in welds free from FeO, since they contain micro¬ 
voids, associated with other inclusions than FeO, and 
also blowholes and similar microcavities. That this is 
actually the case will be seen from Table 1, where even 
in the welds practically free from FeO (e.g., G and F) the 
proportion of nondiffusible hydrogen is as high as two- 
thirds of the total, less than one-third being diffusible. 
As the weld becomes more oxidized the percenti^ of 
diffusible hydrogen falls to less than 5% of the total, for 
the reasons already stated. 

If this general argument is substantially correct, the 
amount of diffusible hydrogen in a weld (or steel) is i 
sensitive measure of its FeO content—much more s) 
than its total hydrogen content. 

Total Availedile Hydrogen in Electrode Coatings 

It is reasonable to suppose that, apart from control of 
hydrogen by variation of the FeO content, the quantity 
of hydrogen in welds could also be reduced by decreasini; 
the quantity of available hydrogen in the electrode coat 
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Tabu S—Hydrogan in CUctroda Coatings 


Bleetrad* Type. 

Ratio cd 
Coating 
to Steed. 

%. 

Hydrogen in Coating. 

Total 
Hydrogen 
, In Weld. 

Gjo, per 100 g. 

%. 

C.c. per lOO g. 
of steeL 

L . 

26-96 

0-47 

1524 

9-2 

A . 

20-81 

0-68 

1313 

9-4 

B . 

17-82 

0-96 

1904 

14-9 

0, (bAked 360* C.) . 

20-46 

. 0-19 

472 

6-8 

C. 

20-31 

0-62 

1401 

12-0 

D . 

24-36 

0-51 

1383 

21-45 

Q . 

22-26 

0-48 

1190 

22-6 

F . 

11-79 

0-92 

1207 

18-15 

N . 

13-07 

1-96 

2860 

20-4 

1 


ings, also in the form of free and combined water, and as 
organic hydrogen in the form of cellulose and similar 
materials. It has, in fact, been suggested that there 
should be an exact relationship between the total hydro¬ 
gen in the weld and the available hydrogen in the coating 
expressed as a percentage of the weight of the steel core. 
This, in the author’s view, is improbable, since the per¬ 
centage of hydrogen in the gases surrounding the arc will 
not necessarily vary directly as the hydrogen content of 
the coating. The amount of HjO, CO and CO 4 in these 
gases is likely to differ considerably for different types of 
electrodes. 

The percentage of available hydrogen for most of the 
electrodes listed in Table 1 has been determined by com¬ 
bustion of their coatings in oxygen and weighing the re¬ 
sultant HjO. The results are shown in Table 5, together 
with the corresponding total hydrogen in the welds 
(diffusible plus vacuum fusion). It is clea^; that the cor¬ 
relation between the two sets of figures is slight. Never¬ 
theless, it has been confirmed that baking electrodes to 
remove some of the hydrogen-forming constituents will 
reduce the hydrogen in the weld, lliis has been done 
in the case of electrode Gi, which is the same as electrode 
G in Table 1, except that it had been baked at 300-350° 
C. for 1 hr. The effect of this baking has been to reduce 
the available hydrogen from 0.48 to 0.19% of the weight 
of the steel core, while the diffusible hydrogen has fallen 
from 6.5 to 2.7 cc. per 100 g., and the vacuum-fusion 
hydrogen from 16.0 to 3.1 cc. per 100 g. (Table 1). 

Such baking must be carri^ out with care and discre¬ 
tion, however, or the chemical analysis of the weld metal, 
together with its oxygen content, may also be affected, 
and this, in turn, may affect the hydrogen content. 
This has occurred to an appreciable extent in the present 
case, as will be seen from Table 1. Although the total 
oxygen is practically unchanged, the FeO content of the 
baked electrode G\ has increased, i.e., it has become more 
oxidized. The cracking tendency of this electrode has 
not yet been tested, but it will not be surprising if it is 
found to be less sensitive to hard-zone cracking. Fur¬ 
ther discussion of this point is obviously premature, and 
will be taken up when more information is available. 


Conclusions 

1. The diffusible hydrogen content of weld metal 
has been shown by several investigators to have some 
influence on the cracking of the hardened zones in welded 
high-tensile steels. 

2. The most important result of the investigation 


reported in this paper is the dem¬ 
onstration of the relationship between 
the FeO content of weld metal and its 
total and diffusible hydrogen con¬ 
tents. The total hydrogen content 
will be slightly reduced, while the 
diffusible hydrogen will be consider¬ 
ably reduced, with increasing FeO in 
the weld metal. Similar conclusions 
will presumably apply to steels made 
by other steelmaking processes, 
though this has not yet been estab¬ 
lished experimentally. 

3. An attempt has been made to 
explain these results on the basis of 
the data reported by Chipman for 
the system Fe-FeO-Hr-HjO at tem¬ 
peratures above the melting point and of a discussion of 
the probable behavior of ^e hydrogen in solution 
after the solidification of the weld. Lepp's paper on 
the same subject, though unnecessarily complex in its 
methods of c^culation, leads to simitar results for liquid 
iron, but does not consider the more complex behavior 
of the hydrogen after the weld solidifies. 

4. The influence of voids or microcavities surround¬ 
ing different types of inclusions, and voids due to blow¬ 
holes, etc., has been discussed, with particular reference 
to the influence of the active FeO content of the inclu¬ 
sions. 

5. The total available hydrogen content of electrode 
coatings in the form of free and combined water and as 
organic hydrogen must in the long run influence the 
total quantity of hydrogen entering the weld, but it is 
shown that the relationship is not very close. It is con¬ 
firmed, however, that controlled baking of an electrode 
at 350° C. wUl reduce the available hydrogen in the coat¬ 
ing and the total and diffusible hydrogen in the weld. 
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Welding Research 

By C. A. Adams* 


The Welding Research Council begins 
its new fiscal year on October 1, under 
peace conditions with a promising future. 
Its services in wartime have been fully 
recognized and appreciated by govern¬ 
mental agencies and by industry at large. 

Fortunately a large part of the work 
of the Council has been of a fimdamental 
nature, the results of which are appli¬ 
cable, and of importance, in peacetime as 
well as in war. Even its more practical 
investigatitms have been aimed at secur¬ 
ing basic design data rather than in the 
solution of s<mie particular war problem. 

With the cessation of hostilities, much 
of the government research work has 
been curtailed. Abandoned projects are 
being examined critically, and those of a 
fundamental nature will be continued by 
the Welding Research Council as far as 
funds will permit. As a matter of fact, 
three investigations have already been 
taken over. 

In other instances new laboratories and 
personnel have been developed few weld¬ 
ing research, which can be readily adapted 
to some of our projects. 

The Council notes with some concern 
that there is a tendency on the part of 
university laboratories, perhaps brought 
about by necessity, of including a larger 
share of the overhead as part of the ex¬ 
pense of proposed researches. 

The budget few the coming year will 
probably exceed the quarter million mark 
of last }^ar for the reasons mentioned 
above, and because it is planned to under¬ 
take a comprehensive investigation in the 
Pressure Vessel field. 

A number of confidential reports were 
issued during the year dealing with the 
spot welding of aluminum alloys with 
particular reference to aircraft structures. 
A few of these have been published in the 
Welding Research Supplement. Undoubt¬ 
edly these investigations had an impor¬ 
tant bearing on the application of resist¬ 
ance welding to aircraft structures. Specifi¬ 
cally, the development of meth(^s of 
cleaning aluminum in preparation for 
spot welding have been of the greatest 
significance. 

Two valuable reports have been issued 
by the Fatigue Committee, one on the 
Fatigue Strength of Fillet, Plug and Slot 


* Ckairma*. Welding Retenrch Council, Engi¬ 
neering Poundntion. 


Welds in an Ordinary Bridge Steel, the 
other on Metallurgical Changes Due to 
Heat Treatment Upon the Fatigue 
Strength of Carbon Steel Plates. These 
reports are the outcome of a long program 
of research involving a total of about 
$100,000 and supply a foundation on 
which engineers may base unit design 
stresses for steel structures subjected to al¬ 
ternating or pulsating stresses. There 
are still quite a number of unsolved 
problems. Only a beginning has been 
made in the investigation of alloy steels. 
Plans are being developed for initiating a 
new program of research in this field. 
Mr. Jonathan Jones, who has served as 
chairman of the committee since its in¬ 
ception a number of years ago, has retired 
as of October 1. The Council wishes to 
record its appreciation of a diflflcult job 
well done. I^. Jonathan Jones has been 
succeeded by Mr. F. H. Prankland. 

Probably the two most vital problems 
still confronting the welding industry are 
those of weldability and residual stresses. 
From a scientific viewpoint they are in¬ 
separable, although the problems may be 
differentiated to a certain extent on an 
arbitrary basis. The work of the Welding 
Research Council in these two fields has 
served as a basis for more than one mil¬ 
lion dollars of investigational work on the 
part of the government. Work in both 
fields will be continued by the Council. 
A comprehensive statement was issued on 
the weld stress problem showing its rela¬ 
tion to the weldability problem, what 
has been accomplished, and what remains 
to be done. It is expected that this re¬ 
port will be of great significance in 
orienting future research work in this 
field. It has already been widely 
quoted. 

A couple of years ago the public utility 
industry was faced with a disconceming 
phenomena arbitrarily called graphitiza- 
tion of iow-carbon and molybdenum steel 
used in high-pressure, high-temperature 
steel piping. A large comprehensive 
program of research was undertaken by the 
public utility industry and the interesting 
manufacturing companies. Although the 
research work was not done under the 
auspices of the Welding Research Council 
the repeats have been made available 
to the Council and the most significant 
published by the Council and distributed 
widely. Although additional work is 


needed, the problem is now fairly ed! 
understood so that suitable steeb may be 
specified in the first place and oecesstq 
precautions taken to prevent dangme 
grapbitization in existing structures. 

Mention has already been made d 
some of the weldability investigation 
In this connection a number of reponi 
dealing with the weldability of spedi 
low-alloy steels from several laboratare: 
have been made available. Two sc 
weldability tests have been develt^w 
namely, the bead-weld nick-bend tes 
and an energy absorption T-band its 
The results of the application of tbs 
tests to a large number of steeb ban 
been reported. 

Two Literature Reviews were maik 
available, one on the Welding of Ds- 
similar Metals, and the other on Sbrini:' 
age Distortion in Welding. Allhougt 
there are literally dozens of other inie 
esting reports publbhed during ^ 
year, mention should be maoe Q 
the reports dealing with Physical Prope- 
ties of Heavy Welded Specimens, Tier 
and Temperature Effects on the ReliL 
of Residual Stresses for DimensioiUL 
Stability in Machining Operations, an: 
the Effect of Post-Heating in Welding d 
Medium Alloy Steels. 

Plash Welding of Low and Plain Carboc 
Steels and the Spot Welding of Hean 
Steel Plates have also received «*- 
sideration. 

During the year the Council has ca- 
tinued the publication of its mootb!’ 
Research Supplements involving a total » 
656 printed pages. 

The American Welding Society is set 
holding its regular annual meeting thi^ 
year. Nevertheless the Welding Researi 
Council is planning its regular Universir 
Research Conference in October and oiert 
ings of its important cmnmittees. 

The high light of the coming year's ac 
tivities is the organizatiou of a coopn- 
hensive Pressure Vessel Research Progn* 
covering materutls, design, fabricaixi 
and inspection and testing ol pressin 
vessels. It is estimated that this 
will continue for a number of yean 
the initial program amounting to ahev 
$76,000 a year. With the complete ebanp 
over on a peacetime basis some rtorgai 
zation of the research committees and tir 
setup of the Council will undoubtedly '< 
necessary. 
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The Quantitative Measurement of 
Welding Response by Bead Welds* 

By R. D. Stout,^ S. S. Tor^ ^uId G. £. Doan^ 


Abstract 

In the system for predicting ductility in weldments previously 
developed at Lehigh University, the Jominy end-quench test was 
used as a measure of welding respcmse of the steel in question. This 
is an indirect method of measurement. The present report pro¬ 
poses a direct method for measuring this response by making simple 
bead-on-plate welds. The results of these weld tests then fit 
smoothly into the System. 

This direct method of determining welding response avoids sev¬ 
eral deficiencies of the Jominy method such as are found in steels 
of low hardenabitity, of high-alloy content, of irregular carbide 
size or solubility and in plates less than 1 in. thick. It also makes 
unnecessary a high-temperature (2100® F.) furnace. 

These direct welding tests do not require the use of an auto¬ 
matic welding machine. The self-consuming electrode method has 
been found entirely dependable for this purpose. 


Introduction 

I N ANY method which proposes to predict the weld¬ 
ing conditions necessary for preserving a predeter¬ 
mined ductility in a wddment of a certain steel, it 
has been found essential, first, to evaluate the hardening 
response of that steel to the weld thermal cycle. A modi¬ 
fied Jominy test was used for this evaluation in the 
proposed method previously published.^ 

There are circumstances, however, in which the 
Jominy test is ill-adapted for this evaluation. In the 
first place, plates less than 1 in. thick cannot yield a 
standard Jominy bar of 1 in. diameter. A rem^y for 
this condition was described previously.* Secondly, 
steels of low hardenability give a steep Jominy curve at 
higher cooling rates. This condition may result in un¬ 
reliable prediction of hardness based on the Jominy test. 
Third, high-alloy steels are frequently preheated before 
welding and therefore do not cool to room temperature 
as the Jominy bar does. In this case, the Jominy test is 
not a valid basis for prediction. Finally, some shops 
lack the necessary heat-treating equipment for the Jom¬ 
iny test. 

These considerations, as well as others to be discussed 
later, have led to an attempt to develop an alternate 
method for testing the welding response of a given heat 
of steel, one which would not require a Jominy test yet 
would be simple, accurate and flexible. The result of the 
investigation is the direct weld-bead test which is re¬ 
ported here. 

* This is a report of work done at Lehigh University under the War Metal- 
urgy Committee of the National Defense Research Committee. The funds 
were supplied by the Office for Scientihe Research and Development. The 
Advisory Committee for the project were Dr. A. B. Kinsel, Chairman, Dr. 
C- A. Adams and Col. G. F. Jenks. 
t Lehigh University. Bethlehem, Pa. 


The Weld-Bead Test ior Hardenability 

The cooling rate of a weld is dependent on the heat 
input from ^e welding arc and is thus a function of 
current, voltage and speed of arc travel. The rate of 
cooling will change, of course, as the thickness of the 
plates and design of the joint change, the heat input 
remaining constant. Recently the concept of geometry 
factor has made possible a quantitative prediction of the 
cooling effect of any given combination of plate thickness 
and joint design without the necessity of experiment. 
Thus, if a known combination of arc voltage, current, 
speed and plate temperature produces a cooling rate of 
20° F. per second in a ^/j-in. butt joint, the conditions 
which will produce this same cooling in an entirely dif¬ 
ferent joint, for instance, a l-in. fillet weld, can ^ es¬ 
tablished without experiment by use of the geometry 
factors. 

This ability to predict the effect of joint geometry on 
the cooling rate suggested the possibility of making a 
series of welds on the simplest possible geometry, namdy, 
bead-on-plate welds. Each weld would be of a slightly 
different heat input (thus providing a slightly different 
cooling rate). By measuring the hardness accompanying 
each cooling rate the welding response of the steel would 
be known. By applying the geometry factor to the 
hardnesses measur^ for various heat inputs in the simple 
bead-on-plate welds it would then be possible to predict 
the heating rates which would produce any chosen hard¬ 
ness in a different joint design. Note that the Jominy 
hardenability test is not involved in this procedure. The 
testing procedure would be as follows: 

A number of plates, say 6 x 12 in. in dimensions, of 
the heat of steel to be welded are prepared. On each of 
these plates is deposited a weld bead, each bead at a dif¬ 
ferent rate of heat input. This series of heat inputs sub¬ 
jects the heated zones of the welds to a series of cooling 
rates. If the plates are cross sectioned the hardness ac¬ 
companying each cooling rate can be measured by a 
Vickers or Rockwell sup^cial hardness tester. Thus, a 
relationship between cooling rate and hardness is ob¬ 
tained for a considerable range. This relationship holds 
only for this heat of steel. 

The bend angle accompanying each hardness level 
can now be determined by quenching a set of slow notch- 
bend specimens at various rates to cover the full hardness 
range. When these specimens are bent any chosen bend 
angle will be accompanied by a corresponding hardness. 
Thus cooling rate has been related to bend angle by re¬ 
lating both of these factors to hardness. A more direct 
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method of ductility determination is discussed later in 
this report. 

Finjilly, the heat input-bend angle relationship is cor¬ 
rected by applying to the test plates the geomet^ factor 
corresponding to the actual wdd to be made. This final 
step yields the correct heat input for the actual joint in 
order to preserve the hardness level and corresponding 
bend angle which the design engineer has spedfi^. The 
necessary information is now complete. If preheating 
should prove desirable, the test plates can be preheated, 
using as a rough guide the fact that each 100° F. of pre¬ 
heat will permit reduction of the welding current by 
about 10%. 

The Experimental Work 

There were two phases of experimental work in the 
development of the scheme. First, it was necessary to 
demonstrate by tests on a heat of steel that the me^od 
works. One method of demonstration would be to com¬ 
pare results as obtained from Jominy tests with those 
from direct welding tests. Therefore, it was decided to 
examine a new heat of steel for welding response using 
both direct welding tests and Jominy tests. 

The second phase concerned the use of self-consuming 
electrodes as a means of getting measurable, reproducible 
welding conditions where automatic equipment is lack¬ 
ing. 

Weld-Bead and Jominy Tests 

The heat of steel used consisted of NE 8620 plates 
which had not arrived in time to be included in the pre¬ 
vious program. It was available in Vi** and 1-in. 
thicknesses although only one thickness is needed for the 
test. 

Four levels of heat input were used for beads on each 
plate thickness. The welds were sectioned and maximum 
heated zone hardnesses determined. 

Duplicate Jominy bars cut transverse to the direction 
of rolling were quenched from 2100° F. after 30 min. at 
temperature. Hardnesses were run on polished flats 
along the bar length. Thus a comparison between the 
Jominy bar method and the weld-bead method was 
made possible. 

Self-Consuming Electrode Welds 

In the production of test welds, every effort must be 
made to maintain uniform conditions and to measure 
them accurately. When possible, automatic welding is 
by far the best procedure. It was realized, however, 
that in many shops such equipment is not at hand and 
that a suitable substitute was essential if the test was to 


Tahl* I—HardnMS of B«ad-on-Plato Wolds on NE 6620 
Plates. Room Temperature. E6020 Electrode 




Heated 

Heat Input 

Equivalent 

Plate 

Heat Input, 

Zone 

per Cu. In. 

Jominy 

Thickness, 

Joules 

Vickers 

of Metal, 

Positions, 

In. 

per In. 

Hardness 

Joules/In.* 

Vi. In. 

‘A 

14,000 

357 

9,300 

4 

‘A 

31,500 

292 

21,000 

9 

‘A 

41,000 

278 

27,300 

12 

‘A 

62,000 

260 

42,000 

19 

‘A 

16,000 

437 

5.300 

3“ 

V. 

•33,000 

363 

11,000 

5- 

‘A 

4(5,000 

307 

15.300 

6.5 

Vi 

72,000 

266 

24,000 

10-^ 

1 

33,000 

437 

6,500 

, 3- 

1 

43,000 

405 

7,100 

3.5 

1 

77.fHX) 

339 

13,000 

5.5 

1 

83,000 

345 

14,000 

6" 


Table 2—Relation of Jominv Distance to Weld Heat Input/ 
Cu. In. (at 7S^ F.) for Equal Cooling Ratos 


Distance 

Heat Input 

Distance 

Heat Input 

from 

to the Weld, 

from 

to the Weld, 

Quenched 

Joules 

Quenched 

Joules 

End, V« In- 

per Cu. In. 

End, V« In. 

per Cu. In. 

4 

3,500 

20 

23.500 

5 

4,600 

22 

25,500 

6 

6,000 

24 

28.000 

7 

7,500 

26 

30.000 

8 

8,800 

28 

32.000 

9 

10,500 

30 

34,000 

10 

11,500 

32 

36,000 

11 

13,000 

36 

39,000 

12 

14,600 

40 

42,000 

14 

17,000 

44 

44,000 

10 

19,000 

48 

46,000 

18 

21,000 




be of general service. The familiar self-consuming or 
fire-cracker electrode seemed to meet the requirement 
quite well. Whereas this technique may not be suitable 
for welding a joint in construction, it does provide a 
tmiform rate of heat supply at the arc, and a normal- 
appearing bead deposit on the plate surface. 

In order to learn (1) whether heat inputs obtained frorc 
the self-consuming electrode matched the heat effect of 
conventional welding, and (2) what range of heat inputs 
could be obtained readily, a group of bead-weld tests 
were deposited by the fire-cracker electrode technique oc 
the SAE 1035 and NE 8620 which had been studied 
thoroughly during the previous investigation. 

Four heats inputs were employed on V*“ */rin 
plate of both steels. Variation in heat input was secured 
by the use of ^/s-, */i«- and Vrin. E6020 electrode singly 
and in pairs. Arc voltage, current and rate of bumoff. 
giving a rate of heat input in joules per inch, were re¬ 
corded for each test. Some additional tests were made 
on plate of NE 8620 to find if the current setting- 
changed the heat input and, if so, whether the result 
were consistent with the change. 

Experimental Data and Analysis 

Weld-Bead and Jominy Tests 

The heated zone hardnesses resulting from automatic 
welding tests on the NE 8620 steel are given in Table 1 
In Table 2 are listed the Jominy positions corresponding 
to points on the “master curve” which relates coolinc 
rates to the heat input supplied per cubic inch of metal 
This table was constructed from Figs. 9 and 11 of reftf- 
ence 1. In the last two columns of Table 1, the heat in¬ 
puts have been transformed to heat inputs per cubic 
inch (actual heat input geom. factor = heat input/ cu. 
in.) and then to equivalent Jominy portions. 

In Fig. 1 the Jominy hardness curve is presented as ob¬ 
tained from duplicate tests at 2100° F. The calculated 
points derived from the weld-bead hardness tests cc 
Table 1 are plotted here as well. The agreement be 
tween the actual Jominy points and those obtained 
“synthetically” is entirely satisfactory. 

Self-Consuming Electrode Tests 

Table 3 contains the results of tests made with seif- 
consuming electrodes. It is of interest to note the he.i'- 
inputs wluch can be secured by varying the electroce 
diameter, used singly and in pairs. The heated zoc.< 
hardnesses are given in the fourth column; while in ihf 
last column the hardnesses previously measured on cc'r 
ventional welds at the same heat input levels are i-- 
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1. Beads are deposited on the Vr 
in. plates at several heat input levels 
and heated zone hardnesses measured. 

The data: 18,000 joules/in.— 

440 Vickers hardness 
35,000 joules/in.— 

360 Vickers hardness 
45,000 joules/in.— 

300 Vickers hardness 
60,000 joules/in.— 

270 Vickers hardness 
85,000 joules/in.— 

250 Vickers hardness 

2. Slow notch-bend specimens are 
heat treated and bent. The bend 
angles and hardnesses obtained are; 

Oil quenched 450 Vickers 

6° bend angle 

Air cooled 230 Vickers 

30° bend angle 
Furnace cooled 210 Vickers 

35° bend angle 

Because stress relieving is impossible, 
the engineer specifies 20° bend angle. 
By interpolation of the plott^ bend 
angle data, this angle corresponds to 
a hardness of 290 Vickers. 

3. In turn, by interpolation of the 
data in (1) above, 290 Vickers corre¬ 
sponds to a heat input on plate 


Tabl* 3—Self-Consuming Eleetrode Bead-on-Plate Tests. Room Temperature. E6Q20 Electrode 


Steel and 

Electrode 

Welding 

Arc 


Vickers 

Hardnesses in 

Thickness, In. 

Diameter, In. 

Current 

Voltage 

Heat Input 

Hardness 

Automatic Welds 

SAE 1035 V4 

single-'A 

120 

28 

21,000 

278 

292 

‘A 

double-‘A 

200 

28 

32,000 

258 

252 

•A 

single-Vi« 

190 

28 

39,000 

236 

240 

'A 

double-*/i« 

300 

25 

62,000 

230 

224 

SAE 1035 V* 

single-‘A 

120 

28 

21,000 

445 

450 

V* 

double-'A 

200 

26 

32,000 

322 

350 

‘A 

single-Vi» 

180 

30 

41,000 

266 

280 


doubIe-’/i» 

300 

26 

67,000 

246 

255 

‘A 

singIe-‘A 

240 

33 

80,000 

246 

244 

NE 8020 ‘A 

single-Vs 

100 

27 

17,000 

390 

381 

‘A 

double-'A 

200 

26 

32,000 

285 

295 

‘A 

singIe-^/I6 

180 

31 

42,000 

262 

265 

'A 

double-Vi» 

300 

25 

57,000 

250 

248 

NE 8620 Vj 

single-'A 

95 

26 

17,000 

413 

422 

Vt 

double-'A 

200 

26 

31,000 

383 

385 

‘A 

single-Vi« 

170 

33 

46,000 

322 

336 

•A 

double-*/u 

280 

28 

68,000 

292 

280 

V: 

single-'A 

220 

34 

81,000 

278 

264 


eluded for comparison. That they check closely is evi¬ 
dent. 

A number of welds made using Ya- and electrode 

with a range of cixrrent settings using ^A-in. plate only 
are reported in Table 4. Here again heated zone hard¬ 
nesses are compared with those of welds produced with 
vertically held electrodes. It appears safe to select any 
current setting within the proper range of the electrode. 
However, the voltage, current and rate of bumoff must 
be recorded for heat test, lest there be variation in the 
characteristics of the rod. 

An Example of the Test Method 

As an illustration of how the test can be applied, as¬ 
sume that fillet welds are to be made on */i-in. thick NE 
8620 plates. No preheating or postheating is possible. 
The testing process as follows: 


TahU 4—Salf-Consuming Elactroda Taats- with Various 
Currant Sattings ‘A-In. 8620 Platas. Room Tampara- 
tura. E6020 Elactroda 


Elec¬ 

trode 

Welding 

Arc 

Heat 

Heated 

Zone 

Vickers 

Hardness of 
Automatic 

In. 

Current 

Voltage 

Input 

Hardness 

Welds 

‘A 

140 

32 

23,400 

369 

347 


180 

33 

21,900 

376 

350 


90 

25 

16,500 

397 

405 


140 

31 

22,000 

369 

350 


165 

34 

22,000 

369 

350 

Vie 

150 

28 

37,800 

287 

278 


180 

31 

43,000 

282 

270 


155 

29 

40,000 

287 

275 


190 

30 

42,000 

282 

270 


230 

32 

45,000 

270 

270 
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of 50,000 joules per inch. Now the geometry factor of 
the bead-weld specimen is 1.0, while that of the proposed 
fillet weld is 1.5. 

50 000 

— j Q = 50,000 joules per cu. in. of metal 

50,000 X 1.5 = 75,000 joules per in. for the plate 
fillet 

4. Assume 30 volts, arc voltage, and 6 in./min. (or 
10 sec./in.) travel speed: 

75,000 

30 X i O ” amp. welding current necessary 

5. Thus the proper welding conditions will be 250 
amp. at 6 in. per minute (with 30 v. arc voltage). 

Discussion of the Results 

There was very little doubt in the minds of the writers 
that the essentijil features of this test were logical since 
they are founded on the same principles and experimental 
data as the System developed at Lehigh University. 
Therefore, if the System proves to be sound when it is 
put in practice, the direct welding tests can be expected 
to do likewise. 

The fact that the self-consuming method of depositing 
weld beads produces a heat effect which is closely equiva¬ 
lent to vertical, automatic welding is an important ad¬ 
junct to the usefulness of the test. 

There are several questions which warrant discussion 
at this point. It is a recognized fact, borne out by ex¬ 
perience in the program at Lehigh, that steel plates 
usually display a considerable spread in physical and 
metallurgical properties between plates and—more 
important—between the surface and center of a single 
plate. For example, the center can show much higher or 
much lower hardenability than the surface. As a result, 
the response to welding can vary accordingly. Now if 
the Jominy bar has been tested so that the hardness im¬ 
pressions are located at the center of the plate, it should 
^rve properly for predicting the behavior of that region 
in welding but it may be of little use for weld zones close 
to the plate surface. Thus, for best results, the hard¬ 
nesses on the Jominy bar should be oriented deliberately 
in the same region of the plate as the weld pass whose 
ductility is to be controlled. Failing this, the Jominy 
should be tested on two flats ground at right angles to 
each other, and the deeper-hardening curve used for safe 
reckoning. This procedure is equally desirable if direct 
weld tests are made. A groove can be machined into the 
plate to permit location of the bead weld at the proper 
depth of the plate. 


The direct welding test overcomes a number of tht^- 
retical objections which can be raised concerning tte 
Jominy test. One is connected with the variations i: 
grain size and austenite homogeneity of the heated zor,. 
which normally accompany changes in the heat inpu: 
level. The test welds will be subject to the same order 
variations as will the welds in the proposed weldmeri 
There is no evidence, to date, at what point the Jomiry 
test becomes unreliable for this cause. 

Because the Jominy bar is quenched to room tempen 
ture, its use for predicting welding conditions becomes 
increasingly doubtful as the preheating temperature i' 
raised. TWs is particularly true for alloy steels had:.: 
intermediate temperature transformation products. Since 
the test plates can be readily preheated, the direct wel: 
ing test does not lose its validity under such condition- 

Finally, the effects of other doubtful variables as tic 
arc length^nd the type of electrode can be met direct! 
in the direct welding tests by matching these factors t 
those which will exist in the welding of the structure. 

It was suggested in the earlier paper,* and Jackso: 
has independently raised the suggestion, that ductility 
as a function of welding conditions can be measured di¬ 
rectly by means of notch-bend tests on bead-on-plat- 
specimens without any hardness measurements whats-- 
ever. In this case, a series of plates would be welded at: 
number of heat inputs, notch-bend tests prepared fnr 
this same series and tested, and a curve plott^ of her.', 
angle vs. welding conditions. The desired ductility won 
then indicate the proper heat input for the geometry use 
in the tests and this could readily be converted to il: 
welding conditions required for 1he joint design to ir 
welded. 

Jackson has suggested the application of the transverx 
nick-bend specimen. Some work is planned here usin;:- 
3 X 12-in. longitudinal notch-bend test. The t\-pe ' 
specimen adopted should not be critical to the resul:- 
obtained. 

In summary, the direct welding test provides a meth ■ 
of measuring the welding response of a steel in a simplt 
accurate and reproducible manner. The self-consumL:: 
electrode furnishes a convenient means of controlli': 
and measuring the welding conditions carefully. Ota; 
the response of a given heat of steel has been determi::e': 
in this manner the System can be used just as it is aiit? 
the Jominy test. 
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An Investigation of the Spot Welding 
of Aluminum Alloys Using Magnetic 
Energy Storage Equipment Provided 
by the Sciaky Brothers* 

By W. F. Hess/ R. A. Wyant^ and B. L. Averbacli^ 


Introduction 

T he present research program provided for a com¬ 
parative study of three different types of welding 
equipment which are offered for the spot welding 
of aluminum alloys for aircraft structures. The three 
types were: the conventional a.-c. equipment, the con¬ 
denser-discharge equipment and the magnetic energy 
storage equipment. The object of the comparison was to 
determine how the fundamental principles of operation 
and construction of each welder affect its performance in 
the following respects. 

1. Weld uniformity or consistency. 

2. Frequency of electrode tip dressing. 

3. Electrode shape and pressure for best results. 

4. Surface treatment for best results. 

5. Weld strength and quality. 

6. Critical nature of machine settings. 

7. Duplication of results from day-to-day. 

8. Electrical demand from the power system. 

9. Interruptions in operation. 

10. Maintenance time. 

The purpose of this report is to describe the experience 
and results obtained with the magnetic energy storage 
equipment provided by the Sciaky Brothers. This 
equipment consisted of a PMCO-2S16 welder and a dual 
voltage rectifier, which was built by the General Electric 
Co. The welding was limited to Alclad 24S-T in thick¬ 
nesses of 0.020, 0.040 and 0.004 in. Flat electrodes were 
used for welding the 0.040- and 0.064-in. material. Flat, 
cone-shaped and domed electrodes were used for welding 
the 0.020-in. material. While most of the specimens 
were prepared for welding by wire brushing, some speci¬ 
mens were treated with hydrofluoric acid for special 
studies of contact resistance. Oscillographic records of 
the primary and secondary currents, and the electrode 
pressure were made frequently in the course of the in¬ 
vestigation. 

The welder was typical of the Sciaky machines which 
utilize the variable pressure cycle. The work is first sub¬ 
jected to a high electrode pressure which is referred to as 
precompression. The pressure is then reduced during 
welding and increased again as the weld cools. The 
high pressure after welding is called a forging pressure. 
A number of studies were made to determine the effects 
of several different pressure cycles on weld cracks. The 


• Report No. 7 on Aircraft Spot Welding Research. Original Report aub- 
mitteil to the N,.A,C.A. in February 1842. 

t Welding Laboratory. Rensselaer Polytechnic Institute, Troy. N. Y. 


results indicate clearly that there are two methods of 
avoiding cracks by control of electrode pressure. Either 
the weld must be made at a low electrode pressure 
which is followed by a sudden increase in pressure before 
the weld cools, or the weld must be made at a constant 
pressure which is sufficiently high to avoid cracking. In 
the latter case a much higher peak current is required 
than in the former case. There appears to be no dif¬ 
ference in the quality and consistency of the welds made 
by the two methods. 

In magnetic energy storage equipment a current, rela¬ 
tively low in magnitude and long in duration, flows in 
the secondary circuit prior to passage of the welding cur¬ 
rent proper. A study was made to determine the effects 
of this "preheating” current on the contact resistance 
between the specimens being welded. The results indi¬ 
cate that the preheating current has a “leveling” in¬ 
fluence on the contact resistance between specimens 
which have not received the best siuface treatment. 
On the other hand, the results suggest that the preheat¬ 
ing may cause the electrodes to run “hot” when welding 
material having a high surface resistance and when the 
electrode cooling is inadequate. Further research in this 
field is contemplated. 

In this type of equipment the most difficult and 
fundamental problem is the proper interruption of the 
primary current necessary for recovering the energy 
stored in the magnetic field. In view of this fact a study 
was made to determine the effects of irregular operation 
of the contactors in the primary circuit. The results 
indicate that the current wave form and the weld strength 
are most seriously affected by a delay in the sequence of 
contactor operation. It also appears that, in this welder 
there is little probability of finding such a delay when 
four or more (out of eight) contactors are active in inter¬ 
rupting the current. 

In addition to the above studies this report includes a 
limited amount of data on weld characteristics, welding 
conditions and weld consistency. It should be under¬ 
stood that the amount of time available for this in¬ 
vestigation was not sufficient for an exhaustive study of 
each problem. While in many ways, the work has been 
of an exploratory nature, it provides an excellent back¬ 
ground for further research on current wave forms and 
electrode pressure cycles. 

In the present research program it is recognized that 
there are two distinctly different methods of investigat¬ 
ing the effects of variables in the spot-welding process. 
The essential difference between the two methods lies in 
the rate at which welds are made. The first method, 
which has been most generally used in this program, con- 
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sists of studying the effects of current, electrode pressure, 
stuface conditions etc., upon individual welds made 
“one at a time.” This method is employed because it is 
usually desire(J to isolate the effects due to a particular 
variable and to eliminate or reduce the effects due to as 
many other variables as possible. The second method 
consists of studying the effects of different variables 
when a large number of welds are made at a rapid rate of 
welding. In this method the effects due to the following 
variables become much more pronounced: rate of weld¬ 
ing, spot spacing, electrode cooling, tip design and tip 
material. The first method is best suit^ for investigat¬ 
ing fundamental effects, while the second method is 
essential for testing conclusions reached by the first 
method and investigating the above variables. More 
frequent use of the second method is contemplated for 
future research. 


Equipment 

For this investigation the Sciaky Brothers provided a 
welder of the PMCO-2S16 type. This welder was of the 
magnetic energy storage or inductive type in which 
energy is stored in the magnetic field of an iron core 
reactor by passage of a direct current through a winding 
on the reactor. The energy is then recovered in the weld¬ 
ing circuit, which is also coupled to the magnetic field, 
by interrupting the direct current. The theory of the 
electromagnetic storage of energy for welding purposes 
has been presented in a recent paper, “Scope and 
Limitations of Stored Energy Type Spot-Welding 
Equipment," by G. S. Mikhalapov and C. N. Wey- 
gandt.‘ The welder was equipped with a variable pres¬ 
sure system in which provision was made for reducing the 


electrode pressure from a high initial value to a low 
value for welding and then increasing the pressure to a 
high value for “forging," before the weld cools. In this 
type of welder an auxiliary reactor having a single wind¬ 
ing is connected in paralld with the main reactor havii^ 
both primary and secondary windings as shown in Fig. 1. 
This reduces the time required to store a given amount 
of energy. The total reactor input or primary current is 
controlled by a series of eight contactors and a maximum 
current relay as shown in Fig. 1. The main contactors 
were equipped with the latest type of horns and arc 
shields. In older models of this equipment interchang^ 
able resistance units were provided for insertion in the 
secondary circuit when thin material was to be welded. 
In the present welder this practice was avoided by pro¬ 
viding the welding circuit with direct current at a low 
voltage for welding the thin materials. The direct cur¬ 
rent was supplied by a General Electric dual volt^ 
(80 and 155 v.) rectMer operating on a 220-v., 3-pha^ 
line. A current calibration of the welder is shown ic 
Fig. 2 for operation at both voltages. The electrode pres¬ 
sure is obtained by means of two air cylinders operating 
“in line" and controlled by two electrovalves as shown 
in Fig. 1. A pressure calibration of the welder is shown 
in Fig. 3. 

It should be understood that the control circuit shown 
in Fig. 1 is greatly simplified and not at all complete. 
The essential function of this circuit is to control the 
electrode pressure and welding current. This is accom¬ 
plished in the following sequence of operations: 

1. Closing of the foot switch energizes both electrcv 

valves which brings the upper electrode in con¬ 
tact with the work and subjects the work to a 
high initial pressme. 

2. When the air pressure above the lower piston 

reaches a predetermined value, the air switch 
operates to energize relay D. 

(a) Relay D de-energizes electrovalve No. ~ 
which admits air beneath the upper piston, thu< 
reducing the electrode pressure to its wddiiij 
value. 

(5) Relay D energizes timer T which is proWdtni 
to insure that the precompression and preheat¬ 
ing periods do not overlap. 

4. Timer T energizes relay B. 

5. Relay E energizes the main contactors permitting 

current to flow in the primary of the weldinn 
circuit. 

6. When the primary current reaches a predetenninet'. 

value the maximum current relay MC operates 
to energize relay F. 

7. (a) Relay F keeps itself energized. 

(b) Relay F de-energizes relay E which in turt 
de-energizes the main contactors, thus inter¬ 
rupting the primary current. 

» (c) Relay F re-energizes electrovalve No. - 
which exhausts the air from beneath the upper 
piston, thus increasing the electrode pressure 
to its forging value. 

The sequence is discontinued at this point because tkc 
remaining operations are not essential for the pmpose c-i 
this report. It will be noted that there is no pro\’isii'n 
for varying the time between the interruptions of the 
primary current and the application of the forging pr«- 
sure. This time is determined by the time requii^ hr 
operation of certain relays, contactors and valves. 

Throughout the investigation the electrode tip ma¬ 
terial was a copper alloy containing 1% cadmium an ' 
having the following properties—electrical co^ducti^^t' 
of 85%, Rockwell B hardness of 50-75, yield strength at 
0.2% elongation of 68,000 psi., and annealing temperj- 
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ture of 350° C. The equipment used for wire brushing 
the specimens before welding consisted of a motor- 
driven wire brush having the following characteristics: 
3-in. diameter, face, steel wire bristles 0.003 in. 

in diameter and an operating speed of 2700 rpm. The 
welded specimens were tested in a hydraulic testing ma¬ 
chine equipped with Templin self-aligning grips and 
operating at a head speed of 0.2 in. per minute. 

For measuring the primary and secondary currents, 
shunts were installed in both circuits. Electric strain 
gage equipment was used for studying the electrode pres¬ 
sure under dynamic conditions.* It is estimated that 
insertion of the shunt and strain gage in the secondary 
circuit introduced a resistance of about 25 microhms in 
that circuit. Permanent records of current and pressure 
were obtained by using the above equipment in con¬ 
junction with an electromagnetic oscillograph. 

Variable Pressure Cycle 

The Sciaky welders are noted for the variable pressure 
cycle which is shown in Fig. 4 (A). In this cycle the 
electrodes are first brought together under a high pres¬ 
sure, which will be referred to as “precompression” in 
this report. While the weld is being made the pressure 
is reduced to a lower value referred to as the “welding” 
pressure. As the welding current decreases the pressure 
is increased to a higher value referred to as the “forging” 
pressure. An oscillographic record of this type of pres¬ 
sure cycle is shown in Fig. 5 (.4). This record shows that, 
following the weld, the eledxode pressure increases with 
remarkable speed until it reaches the forging value. It is 
interesting to note in Fig. 6 (.4) how this is accomplished. 
Initially the upper electrode is held in its raised position 
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Fig. &—Methods of Obtaining Variable Pressure Cycles 


by air pressure beneath the pistons of both cylinders. 
During the precorapression period air is exhausted 
beneath and applied above both pistons. While welding, 
air is admitted beneath the No. 2 piston to counter¬ 
balance the air above it. After the weld is made the 
forging pressure is obtained by exhausting the air from 
beneath the No. 2 piston. This appears to be the reason 
for the speed with which the increase in pressure is ob¬ 
tained. In the first place, air may be exhausted to the 
atmosphere from such a cylinder more quickly than it 
can be admitted from an air line. Secondly, the volume 
of air to be exhausted is Very small. At ^e end of the 
cycle the air is exhausted from above and admitted 
below both pistons in order to lift the upper electrode 
from the work. 

A previous investigation of an earlier model of this 
type of welder at Wright Field showed that the forging 
pressure was applied too late and at too low a rate to be 
effective.* It is evident that, in this respect, considerable 
improvement has been made since that time. 

An examination of oscillogram A of Fig. 5 shows that 
about 12 cycles elapse between the precompression 
period and the start of preheating. This was the mini¬ 
mum time which could be obtained by adjustment of the 
timer which was provided to insure that the precom¬ 
pression and preheating periods do not overlap. It is 
time “lost" since nothing is accomplished during the 
interv'al and its elimination will mean “more welds per 
minute” from the equipment. This condition has been 
called to the attention of the Sciaky Brothers who are 
investigating means of avoiding it. 

Constant Pressure Cycles 

Provision is made for operating the welder with either 
a constant-low-pressure or a constant-high-pressure cycle 
as shown in Figs. 4 (B) and (C). These cycles are ob¬ 
tained by use of the No. 1 cylinder alone for the low 
pressure, or both cylinders for the high pressure, as shown 
in the above figures. Oscillographic records of these 
types of pressure cycles are shown in Figs. 5 {B) and (C). 

IMS SPOT WELDING OF 


Variable Pressure Without Precompression 

The welder was designed so that by operating a simple 
switch the variable pressure cycle could be employed 
without precorapression. An oscillographic record of 
this cycle is shown in Fig. 5 {D). In comparing this 
oscillogram D with the normal variable pressure oscillo¬ 
gram A it will be noted that the application of the forg¬ 
ing pressure has been retarded considerably and the rate 
of increase in pressure is much more gradual. This 
condition will be referred to as “slow forging” and it is 
explained by Fig. 6 (S). Dimng the low-pressure period 
of the cycle only the No. 1 cylinder is utilized. The 
piston in the No. 2 cylinder is held in its upper position 
by the air beneath it. When the forging pressure is 
required the air is exhausted from beneath this piston 
and admitted above it, and the piston has to move 
through its complete stroke before it can transmit any 
force to the upper electrode. This procedure takes time 
and explains the delay in the application of the forging 
pressure. 

A very simple way was found to avoid this delay. Air 
is exhausted from beneath and admitted above the piston 
in the No. 2 cylinder as in the regular variable pressure 
cycle. However, before the air pressure above the piston 
b^omes sufficient to produce precorapression and after 
the piston has moved to its lower position, air is ad¬ 
mitted beneath the piston to counterbalance the air 
above. This condition is identical to the condition dur¬ 
ing the welding period of the normal variable pressure 
cycle as shown in Fig. 6 (^4) and (C). An oscillographic 
record of the resultant pressure cycle is shown in Fig. 
5 (£). It will be noted that the application of the forg¬ 
ing pressure is identical to that in the variable pressure 
cycle and is referred to as “quick forging.” To operate 
the welder in this fashion it was only necessary to leave 
the precompression switch in the “on” position and to 
adjust the air switch on the No. 1 cylinder to close at 
about one-half the maximum air pressure applied to the 
cylinder. Normally this switch is adjusted to close at a 
pressure just below the maximum. 

The difference between “slow” and “quick” forging is 
shown more distinctly in oscillograms A and B of Fig. 7, 
which were taken at a higher camera speed than those 
shown in Fig. 6. In “slow” forging the pressure starts to 
increase 5 cycles after the peak current passed, and 
reaches its maximum value in 9 cycles. In “quick” 
forging the pressure starts to increase 2 cycles after the 
peak current passed, and reaches its maximum value in 4 
cycles. The effects of this difference on weld quality will 
be discussed later in this report. Oscillogram C of Fig. 
7 shows the variation in electrode pressure when molten 
metal is expelled from the weld. It will be noted that the 
reduction in pressure amounts to only about 33% and 
that the pressure returns to its normal value in about 6 
milliseconds. Expulsion of metal was seldom observed 
during the investigation and to obtain the above oscillo¬ 
gram it was necessary to use an excessive current in weld¬ 
ing untreated specimens. 

Effect of Pressure Cycle on Current 

Four series of welds were made to determine the 
effects of the above pressure cycles on the current re¬ 
quired to produce welds of a given strength. The results 
are shown in Fig. 8. The welds were made in 0.040-in. 
Alclad 24S-T using 0.17-in. x 10° flat electrodes. The 
low and high values of electrode pressure were 395 and 
1000 lb., respectively. About the same current is re¬ 
quired for the constant-low-pressure cycle and the 
variable pressure cycles, with and without precompres¬ 
sion. However, for the constant-high-pressure about 
30% more current is required to produce comparable 
welds. These data indicate that the magnitude of the 
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welding current is determined by the welding pressure 
and that it is not affected by precompression. Similar 
tests were made on 0.064-in. specimens to confirm the 
above conclusions and the residts are shown in Fig. 9. 
In this case the current capacity of the welder was not 
sufficient to produce comparable welds when working 
with the constant-high-pressure cycle. 

Effect of Pressure Cycles on Cracking and Porosity 

All of the welds made in this investigation were 
examined for cracks and porosity by radibgraphy. 
Figure 8 shows how cracking was influenced by the pres¬ 
sure cycle when welding 0.0^-in. material with 0.17-in. 
X 10® flat electrodes. No cracks were found in the welds 
made with the variable-pressure and the constant-high- 
pressiue cycles. Cracks were foimd in all of the wdds 
made with the constant-Iow-pressime cycle and the 
variable pressure cycle when no precompression was 
employed. In the latter case the forging pressure was not 
applied quickly enough to be effective in preventing 
cracking. The reason for this has already been dis¬ 
cussed. In obtaining the data for Fig. 8 four welds were 
made at each point. Throughout this investigation all 
the welds were remarkably consistent with respect to 
cracking. In general at each condition all four welds 
were ei^er cracked or free from cracks. 

The behavior of welds in 0.064-in. material with 
respect to cracking is illustrated by Fig. 9. Under the 
conditions indicated no cracks were found when the 
welds were made with the regular variable pressure 
cycle. When the constant-low-pressure cycle was used 
all of the welds exhibited very bad cracking and porosity. 
Using the variable pressure cycle without precompres¬ 


sion, cracking and porosity were avoided when the foil¬ 
ing pressure was quickly applied. Fine cracks and 
porosity were present when the forging pressure was 
slowly applied. The forging pressure in the two cases is 
well shown by oscillograms D and E in Fig. 6. 

In welding 0.020-in. material the variable pressure 
cycle was not nearly as effective in preventing cracking. 
Weld characteristics for a variety of electrodes and pres¬ 
sure conditions are shown in Figs. 16 and 17. The 
larger welds tended to crack regardless of the type of 
pressure cycle employed. It appears that the constant- 
low-pressure cycle is satisfactory, provided that, the 
pressuae is sufficient to avoid cracking in welds of the 
desired size and strength. It is believed that welds in the 
0.020-in. material were not improved by the variable 
pressure cycle because they cool so quickly that the forg¬ 
ing pressure was applied too late. It may be demon¬ 
strated mathematically and experimentally that the 
cooling rate of a spot weld varies inversely with the 
square of the thickness of the material. From this it is 
evident that, the forging pressure should be applied more 
quickly when welding ^e 0.020-in. material, if it is to be 
^ective in preventing cracking during the cooling of the 
weld. In the welder under investigation the timing of 
the forging pressure with respect to the peak current was 
not adjustable. The oscillograms show an elapsed time 
of from 3^/i to 4 cycles between the peak current and the 
time the pressure reaches its maximum value. It is be¬ 
lieved that the application of the forging pressure would 
be more effective in preventing cracHng in the 0.020-in. 
material if this elapsed time were reduced by about 1’ \ 
cycles. 

This investigation indicates clearly that there are two 
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methods which are equally effective in preventing crack¬ 
ing. In the first method the weld is made at a low pres¬ 
sure, after which the pressure is suddenly increased to a 
considerably higher value. In the second method the 
weld is made at the higher pressure. The latter method 
requires a marked increase in the magnitude of the weld¬ 
ing current. 

Effects of Precompression and Preheating on Contact 

Resistance. 

The effects of precompression and preheating on the 
sheet-tO'Sheet contact resistance were studi^ under 
actual welding conditions by an oscillographic method. 
This method consisted of taking simultaneous records of 
the secondary current and the sheet-to-sheet voltage, 
■which were analyzed in terms of the sheet-to-sheet 
resistance. 

At this point it is well to review the following facts 
which were disclosed in previous research^ on surface 
treatment: 

1. The welding of thin materials is more sensitive to 

surface conditions than the welding of thick 
materials. 

2. Wire brushing produces an initial contact re¬ 

sistance of a very low value in the neighborhood 
of 5 microhms. 

3. The initial contact resistance between untreated 

specimens is very high and of the order of 600 
microhms. 

4: Correct chemical treatment produces an initial 

194S 



Fig. ll'—Sheet-to-Sheet Resistance Characteristics fox Preheat¬ 
ing Period 


contact resistance of the same low order of mag¬ 
nitude as wire brushing. 

5. Incorrect chemical treatment produces values of 

initial contact resistance which are intermediate 
between the low value obtained by the correct 
chemical treatment and the high value associ¬ 
ated with untreated material. 

6. The best welds are produced under low resistance 

conditions. A high sheet-to-sheet resistance 
tends to produce welds which are unsatisfactory 
with respect to distribution of fusion, appear¬ 
ance of electrode impressions and sheet separa¬ 
tion. 

The above facts regarding the sheet-to-sheet resistance 
values associated with wire brushing, untreated material, 
and the 3% hydrofluoric acid treatment are shown 
graphically in Fig. 10. It will be noted that with the 
3% HF treatment the minimum resistance was obtained 
in 10 sec. In the present investigation a treatment 
time of only 5 sec. was necessary to produce the minimum 
resistance. The reason for this discrepancy is believed 
to lie in the fact that solutions made volumetrically from 
commercial acid do not always possess the same activity. 
F'urthermore, the hydrogen ion concentration is not 
easily standardized in this acid because of its attack on 
glass measuring apparatus. 

The primary objective of this phase of the investiga¬ 
tion was to determine the effects of precompression and 
preheating on the high sheet-to-sheet resistance resulting 
from incorrect siuiace treatment and to determine if 
satisfactory welds could be made under such conditions. 
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Since the thinner materials had been shown to be more 
sensitive to surface conditions, 0.020-in. stock was 
chosen for this work. Dome-shaped electrodes, 2 V 2 in. 
in radius, were used with high and low-pressure limits of 
350 and 865 lb., respectively. The preheating current 
averaged about 4000 amp., and flowed for 19 cycles. 
The welding current reached a peak value of 23,900 amp. 
in ^2 cycle and returned to zero about 6 cycles after it 
reached its peak. In this report the variations in the 
sheet-to-sheet resistance are treated separately for the 
preheat and weld periods of the welding process. 

Resistance variations during the preheat period are 
shown in Fig. 11 for a variety of surface conditions and 
pressure cycles. Three conditions of electrode pressure 
were investigated for specimens which had been treated 
too long (30 sec.) in 3% HF acid. It will be noted that in 
all three cases the initial resistance is high and of the 
order of 150-200 microhms. During the first four cycles 
of preheating the resistance decreases rapidly and levels 
off at a value of about 50 microhms. The upper charac¬ 
teristic was obtained with an electrode pressure of 865 Ib. 
and the lower characteristic with an electrode pressime 
of 350 lb. The intermediate characteristic was obtained 
at an electrode pressure of 350 lb. which had been pre¬ 
ceded by a precompression of 865 lb. These data indi¬ 
cate that in this period of the welding process the pre¬ 
heating has a greater influence on the sheet-to-sheet 
resistance than the electrode pressure. However, it 
should be remembered that, while the resistance is 
approximately the same for the low and high electrode 


pressures, the actual area of intimate contact is con¬ 
siderably greater in the case of the high electrode pres¬ 
sure. This explains why much more current is required 
to make a satisfactory weld at the high electrode pressure 
than at the low pressure. Furthermore, the resulting 
weld tends to be larger and stronger as shown by the 
strength-current characteristics shown in Fig. 8. 

Figure 11 also shows a resistance characteristic for a 
weld made in untreated material using the variable pres¬ 
sure cycle. The initial resistance is very high and of the 
order of 1000 microhms. Again the resistance decreases 
with great rapidity during the first four cycles of preheat¬ 
ing and levels off at about 100 microhms. In this case 
serious expulsion of metal took place as the weld was 
made. This figure also shows the resistance levels for 
wire-brushed specimens and specimens which were sub¬ 
jected to the correct treatment (5 sec.) in the 3% HF 
acid. Following these treatments the sheet-to-sheet 
resistance is very low and constant throughout the pre¬ 
heating period. The differences between the two ex¬ 
treme surface conditions are* very noticeable in oscillo¬ 
graphic records of the sheet-to-sheet voltage at the start 
of the preheat period. This voltage is equal to the 
product of the resistance and the current at any instant. 
Oscillogram E of Fig. 7 is typical of a low initial re¬ 
sistance produced either by wire brushing or a correct 
chemical treatment. At no time during ^e preheating 
period does the sheet-to-sheet voltage rise above 0.10 v. 
Oscillogram F of Fig. 7 is typical of the high initial re¬ 
sistance produced by incorrect chemical treatment or 
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untreated material. The sheet-to-sheet voltage exceeds 
0.50 V. even before the current becomes sufficient to be 
visible in the oscillogram. The ragged appearance of the 
above trace indicates a progressive breakdown of a high 
resistance film at the sheet-to-sheet contact. 

To determine if satisfactory welds could be made under 
the high resistance conditions, which were previously 
shown to be undesirable without preheat,* two groups of 
welds were made. One group was made using 0.020-in. 
specimens which had twen subjected to the 3% HF 
treatment for 30 sec. For control purposes the other 
group was made using specimens which had been treated 
for 5 sec. The irregularities which were noted in the 
previous work were absent in the first group of welds. 
The welds made under high-resistance conditions were 
identical to those made under low-resistance conditions. 
Therefore, this work indicates that preheating may have 
a beneficial effect when welding material which has been 
incorrectly treated. On the other hand, the energy dis¬ 
sipated during the preheating period under high-resist¬ 
ance conditions, may be 3 or 4 times the energy dissipated 
under low-resistance conditions and it may also be 3 or 4 
times the energy actually required for making the weld. 
This suggests that, when welding at a rapid rate, there 
may be conditions under which preheating may cause the 
electrode tips to run hot, depending upon the effective¬ 
ness of the electrode cooling. It is essential that further 
research be done in this field. 

Figure 12 shows the variation in sheet-to-sheet re¬ 
sistance during the weld period for welds made in wire- 
brushed material. It is interesting to observe that for 
all three conditions of electrode pressure the resistance 
reach its maximum more or less simultaneously with 


the current. The reason for the abrupt rise in resistance 
is believed to be due to the fact that wire brushing leaves 
a surface rough and with many small “high points.” 
When two such surfaces are pressed together they make 
contact only at their “high points.” At first the welding 
current is conducted by these “points,” which heat up 
rapidly and increase in resistance. When the “points” 
become hot enough to become plastic the electrode pres¬ 
sure forces the two surfaces into more intimate contact 
and the sheet-to-sheet resistance decreases as shown in 
the above figure. At the high electrode pressure the 
maximum resistance was not as high as in the other two 
cases because the pressure was sufficient to press the sur¬ 
faces into more intimate contact without the help of the 
current. In addition it should be noted that less fusion 
took place at the high pressure because the current was 
kept constant for the three welds investigated. 

Figure 13 shows the variation in sheet-to-sheet re¬ 
sistance during the weld period for welds made in un¬ 
treated material and material subjected to 5- and 30- 
sec. treatment with 3% HF acid. The 5-sec. treatment 
leaves the surface clean and smooth in contrast to the 
rough surface produced by wire brushing. As a result 
there are no “high points” to heat up and produce the 
marked increase in resistance which was observed in the 
case of wire brushing. It is believed that the 30-sec. 
treatment with 3% HF acid leaves a fluoride film on the 
surface. While it has been shown that the sheet-to- 
sheet resistance has been reduced considerably during the 
preheat period, the resistance is still comparatively high 
at the start of the weld proper. Very early in the weld 
period the resistance changes in a rather erratic manner 
which may represent the final step in the progressive 
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breakdown of the film mentioned above. It should be 
noted that all this takes place considerably in advance of 
the peak current. The resistance then decreases rapidly 
and levels off at the same value as in the case of the 5'Sec. 
treatment. The resistance characteristic for untreated 
material is similar to that for the 30-sec. treatment. • The 
preheating has reduced the resistance from 1000 to about 
100 microhms. Again the resistance behaves erratically 
early in the weld period, which may be due to the final 
step in the progressive breakdown of the original oxide 
film on the surface. The resistance then decreases and 
levels off at about the same value as in the case of the 
treatments with the 3% HF acid. This final value cor¬ 
responds approximately to the resistance of the slug of 
metal between the electrode tips. 

Weld Characteristics and Welding Conditions 

Data on weld strength were obtained from single-spot 
lap-weld specimens which were prepared and tested in 
accordance with the recommendations of the Welding 
Research Council of the Engineering Foundation.® 
The weld strength for each condition investigated 
represents the average shear strength of three speci¬ 
mens. The presence or absence of cracks and 
porosity in the welds is determined by the pressure cycle 
and has been discussed previously in this report. The 
investigation shows that, in welding Alclad 24S-T with 
this equipment, the variable pressure cycle should be 
used. This is particularly true for stock which is thicker 


than 0.020 in. and it is believed that, with correct timing 
of the forging pressure, the variable pressure can be ad¬ 
vantageously used for the 0.020-in. material. In eadi 
thickness of material a number of welds were sectioned 
and examined under a microscope. With the exception 
of the welds made under conditions of electrode pressure, 
which permitted cracks to form, all the welds examined 
were sound and satisfactory. Photomicrographs blow¬ 
ing the metallurgical structure of welds made with this 
equipment are being presented in another report on 
“The Examination of Spot Welds in Alclad 24S-T.”* 

Strength-current characteristics of welds made ic 
0.040-in. Alclad 24S-T are shown in Figs. 8 and 14. The 
characteristics in Fig. 8 were obtained using 0.17-in. x 10 ' 
flat electrodes. The surface indentation was relatively 
high in the welds made with the constant-high-pressuR 
cycle. The characteristic in Fig. 14 was obtained usini 
0.20-in, x 10° flat electrodes. This size of tip appears U' 
be more suitable for this gage than the 0,17-in. x 10° size 
It will be noted that as the current increases the weld 
strength increases at a rather unifonn rate. In other 
words, the current adjustment is not very critical. 

Strength-current characteristics of welds made with 
0.25-in. X 10° flat electrodes in 0.064-in. Alclad 24S-T 
are shown in Fig. 9. An attempt was made to use M-in 
diameter flat electrodes for welding this gage but the cur 
rent capacity of the machine was not adequate. In thest 
strength-current characteristics the wdd strength i-' 
shown as a function of both the secondary peak cum-nt 
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and the primary current. This primary current is the 
total current delivered to the two reactors shown in 
Fig.l. 

In older models of this equipment, which were supplied 
with d. c. at a ^single voltage, resistance units were in¬ 
serted in the secondary circuit to control the current for 
welding the thinner gages of material. In the welder 
under investigation the resistance units were not used. 
Instead, the d.-c. input voltage was reduced from 155 to 
80 V. for welding 0.020-in. material. Strength-current 
characteristics of welds made with 0.15-in. x 10® flat and 
7® cone-shaped electrodes in 0.020-in. Alclad 24S-T are 
shown in Fig. 15. The distinction between flat, cone- 
shaped and dome-shaped tips is shown in Fig. 16. The 
use of the flat electrodes proved to be unsatisfactory due 
to the great difficulty in obtaining welds bearing round 
and even electrode impressions. The use of a pair of 
cone-shaped electrodes was unsatisfactory due to ex¬ 
cessive separation between the sheets. The use of a cone 
against a flat eliminated the excessive sheet separation 
and produced fairly satisfactory welds. The flat tips re¬ 
quire somewhat more current than the cone tips to pro¬ 
duce welds of comparable strength. Strength-current 
characteristics of welds made with dome-shaped elec¬ 
trodes in the 0.020-in. material are shown in Fig. 17. The 
results obtained with the dome-shaped electrodes were 
more satisfactory than the results obtained with the flat 
and cone-shaped electrodes. The electrode impressions 
were round and even, and there was no objectionable 
sheet separation. Furthermore, the dome-shaped elec¬ 
trodes did not require the elaborate alignment and dress¬ 
ing of the fiat electrodes and the conditioning of the cone- 
shaped electrodes before they could be used. Within the 
limitations of this investigation there was little difference 
between the 2*/* in. radius and 4-in. radius electrodes. 

The welding conditions for the three gages of material 
are summarized in Table 1. It will be noted that the 
maximum preheat current amounts to from 0.20 to 0.30 
of the peak welding current. The welding cxurent rises 
from zero and reaches its peak in 7 milliseconds or 
approximately Vj cycle. The welding current flows 
for a total time of about 6Vi cycles. Of this time prob¬ 
ably only about 4Vi cycles are effective in determining 
the characteristics of the weld. After the welding cur¬ 
rent reaches its peak from 3 Vj to 4 cycles elapse before 
the forging pressure reaches its maximum value. While 
this appears to be satisfactory for the 0.040- and 0.064-in. 
materials, it is believed to be too long for the 0.020-in. 
material as explained elsewhere in this report. The 


electrode pressures used are not necessarily the optimum 
pressures. They were arbitrarily selected and proved to 
be satisfactory for the purpose of the investigation. 

Weld Consistency 

To determine the consistency of welds made with this 
equipment 100 single-spot lap-weld specimens in each 
gage were welded under the conditions given in Table 1. 
The results of these tests are shown in Figs. 18,19 and 20. 
An analysis of the weld dispersion charts reveals the 
following distribution of welds: 


Table 2—Summary of Wald Consiatancy Teata 


Alclad 

No. 

Average 

Shear 

Percentage of Welds 
Within 

24S-T 

of 

Strength, 

*10% 

*6% 

Gaste, In. 

Welds 

Lb. 

of Mean 

of Mean 

0.020 

99 

280 

53 

30 

0.040 

100 

660 

81 

47 

0.064 

100 

1030 

91 

55 


It is believed that the welding of Alclad 24S-T is in¬ 
herently somewhat inconsistent and that this distribu¬ 
tion of welds is due more to the material than the weld¬ 
ing equipment. During these tests oscillographic records 
of the current and pressure were taken simultaneously 
with every tenth weld. The average deviation of the 
peak current from its mean value was about ^2% and 
the maximum deviation was about ^4%. The current 
wave form was consistently normal and the forging pres¬ 
sure was consistent in rea<^ing its maximum value at the 
same time with respect to the peak current. 

Effects of Irregular Operation of Contactors 

In this type of equipment the amount of energy stored 
in the magnetic field is determined by the maximum 
magnitude of the primary current. The most funda¬ 
mental problem encoimtered is the proper interruption 
of the primary ciurent, which is necessary for recovering 
the stored energy and utilizing it in making the weld. 
Since some users of this equipment believe that the 
operation of the primary contactors is the greatest 
potential source of trouble, the effect of irregular con¬ 
tactor operation on current wave form and weld con¬ 
sistency was investigated. 


Tabl* 1—Sximmary of Woldixig Conditions 


Alclad 




Precompression 

Time, 

24S-T Gage, 

Electrode 

Average Shear 

Welding 

and Forging 

Max. Current to 

In. 

Shape and Size 

Strength, Lb. 

Pressure, Lb. 

Pressure, Lb. 

Max. Pressing 

0.020 

4-in. radius domes 

280 


405 

1025 

4.1 cy. 







68 ms. 

0.040 

0.20-m. X 10® flat 

660 


445 

1135 

3.6 cy. 







60 ms. 

0.064 

0.26-in. X 10“ 

1030 


600 

1570 

3.8 cy. 




• 


63 ms. 

Alclad 

1*1 * 
D.-C. Primary 

Max. 


- J ^ 

ftuaciiV ' "—“—“—"—“ 


24S-T Gage, 

Input Current, 

Preheat, 

Preheat 

Peak 

Zero to 

Total 

In. 

Voltage Amp. 

Amp. 

Time 

Amp. 

Peak Time 

Weld Time 

0.020 

80 253 

4600 

19 cy. 

23,900 

Vt cy. 

6V» cy. 




317 ms. 


7 ms. 

108 ms. 

0.040 

155 364 

9000 

13 cy. 

31,500 

Vj cy. 

6V* cy. 




217 ms. 


7 ms. 

lOS ms. 

0.064 

155 483 

9360 

20 cy. 

43,300 

V* cy. 

7 cy. 




333 ms. 


8 ms. 

117 ms. 

Noth: cy. « 

cycles; ms. milliseconds. 
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In the welder under investigation the primary current 
is interrupted by a series of eight contactors as shown in 
Fig. 1. Six of these contactors are by-passed by resistors 
and two are without resistors. Provision is made for 
adjusting the relative timing of the contactors in order 
that each contactor may be equally active in interrupt¬ 
ing the current as evidenced by uniform arcing. Norm¬ 
ally the contactors open in the following sequence: 
4 and 5, 3 and 6, 2 and 7 and, 1 and 8 last. It should be 
noted that the last active contactor to open must always 
be either 1 or 8, which are not by-passed by resistors. 

During the previous part of the investigation the con¬ 
tactors required no adjustment to keep them operating 
properly. To determine the effects of irregular contactor 
operation it was necessary to deliberately throw the con¬ 
tactors out of adjustment while making 100 welds in 
each of the 0.020- and 0.064-in, gages. In each series 
of welds the first and last ten welds were made with 
normal operation of all eight contactors, and under the 
conditions shown in Table 1, A different adjustment of 
the contactors was used for making each ten of the re¬ 
maining welds in each series. In this investigation the 
contactors were adjusted to produce the following results: 

1. All eight contactors active but arcing unevenly. 

2. Contactors 1, 2, 7 and S arcing evenly. 

3. Contactors 1, 2, 3 and 4 arcing evenly. 

4. Contactors 1 and S active and arcing evenly. 

5. Contactors 1 and 2 active and arcing evenly. 

6. Major arc on contactor 2, minor arc on contactor 1. 

7. Contactors 1, 4, 5 and 8 arcing evenly. 

8. Maior arc on contactor S, minor arc on con- 

^ • 7 . 


With the exception of the first case, all contactors col 
mentioned were inactive due to their delayed operati- r 
with respect to the active contactors. Since relativo.) 
low and high currents were required for welding the twi 
gages of material, it was not always possible to make the 
contactors perform exactly in accordance with the ab-'Vi 
schedule. In those instances other irregular conibjr.i- 
tions of contactor operation were investigated. \'-'- 
attempts to make a single contactor do all the interrupt 
ing were unsuccessful. The results of the two tests arr 
shown in the weld dispersion charts in Figs. 21 and 
With the exception of a few welds abnormally Kw u' 
strength these charts are very similar to those obuinid 
with normal operation of the contactors (Figs. In and J' 
The most serious distortion of the current wave i' n- 
was caused by introducing a brief time delay betwet-r. 
opening of two contactors when they were interrui tr: 
all or nearly all the current. An example of this w.t' c 
form is shown in oscillogram D in Fig. 7. In ct^nijur.'. 
this oscillogram with oscillogram A of the s-ime 
it will be noted that the peak current has been grt..-.'- 
reduced and the wave has been flattened cunsuiera:^ 
This wave form resulted in a 15^ ^ reduction in 
strength in the 0.064-in. material and I'-i'r 
0.020-in. material, which was responsible for most of lU 
low strength welds in the dispersion charts showu t- 
Figs. 21 and 22. Minor changes in the wave form, whuh 
did not greatly affect the peak value of the curTi:*.t • * 
seriously broaden the wave, had little effect on the «<' : 
strength as shown by the above dis|x;rsjon charts 1:.:' 
investigation indicates that it is a delay in the 
of contactor operation which may seriously affect i~ 
w’cld strength, and that such a delay is not likely to >vva' 
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WELD strength IN LBS 

Tig. 20—Weld Diipenion Chart — 0.064<In. Alclad 24S-T 


when four or more contactors are active in interrupting 
the current. It was particularly noticeable that the wave 
form was not affected when all eight contactors were 
active but arcing unevenly. In this investigation the 
contactors were adjusted more-or-less at random to 
produce the results described. Now that the effects of 
irregular timing are better understood it may be possible 
to make other adjustments of the sequence timing which 
will produce the undesired wave forms. No attempt was 
made to study the effects of irregular arcing at the tips 
of the individual contactors. In interpreting this 
experience it must be remembered that the contactors in 
this welder were of the latest type and that the total 
number of welds made was comparatively small. 

Summary oi Results 

In the introduction of this report a ten point outline 
was presented as a basis for comparison of spot welders 
of different types. Following this pattern the results of 
the completed research are summarized by the following 
observations: 

1. Weld Uniformity and Consistency. —The con¬ 
sistency of welds made with this equipment is com¬ 
parable with the consistency obtained with a.-c. and 
condenser-discharge equipment. It is beginning to 
appear that Alclad 24S-T welds with somewhat less con¬ 
sistency than some other aluminum alloys, regardless of 
the type of welding equipment used. 

2. Frequency of Electrode Tip Cleaning. —During the 
investigation the electrode tips required very little clean¬ 
ing. However, the significance of this is doubtful since 
all the welding was done at a very low rate, and since tip 


pickup is an inherently erratic process. No quantita¬ 
tive data are present^ because the investigators are 
firmly convinced that limited experiments to determine 
the frequency of electrode cleaning are not satisfactory 
as a basis for comparing different types of welding equip¬ 
ment. So many different variables are involved that the 
results are always open to criticism on the grounds that 
slightly different conditions would have altered the 
results either favorably or unfavorably with respect to a 
given type of equipment. The approach to the electrode 
pickup problem must be more fundamental. For ex¬ 
ample, it is essential that more information be obtained 
on the fundamental effects of electrode operating 
temperature and the factors which control this tempera¬ 
ture. 

3. Electrode Shape and Pressure for Best Results .— 
Time did not permit an exhaustive study of electrode 
shapes and pressures-rgood welds were obtained using 
fiat tips for the 0.040- and 0.064-in. material, and dome 
tips for the 0.020-in. material. It is believed that dome 
tips can also be used with satisfaction for the former 
gages. In constant-pressure welding the magnitude of 
the electrode pressure is primarily determined by the 
tendency of the welds to crack. In dual-pressure welding 
the welding pressure depends more upon considerations 
of weld size, tip life and current capacity of the welder. 
Application of the forging pressure eliminates the crack¬ 
ing. In the Sciaky welder the current is limited by the 
size of the reactors and the variable pressure cycle makes 
possible the production of crack-free welds of a size 
which would be impossible using a constant-pressure 
cycle with the same current limitations. The Sciaky 
welder is designed on the basis of the variable pressure 
cycle and the investigation indicates that this pressure 
cycle should ordinarily be used. There may be instances, 
however, when certain gages of material or certain 
alloys will require the constant pressure cycle or modi¬ 
fication of the variable pressure cycle. 

4. Surface Treatment for Best Results.— Good results 
were consistently obtained when welding wire-brushed 
material. The welding of chemically treated material 
was limited to a few experiments to determine the effects 
of preheating on the contact resistance between the 
sheets. The results indicate that preheating tends to 
have a beneficial effect on the contact resistance between 
specimens having a high surface resistance. At the 
same time there is an indication that preheating may 
lead to objectionable heating of the electrodes under 
certain conditions of surface preparation and electrode 
cooling. 

5. Weld Strength and Quality. —With the exception of 
cracks resulting from incorrect conditions of electrode 
pressure, all of the welds were sound and differed only in 
size and strength. Strength-current characteristics of 
welds in Alclad 24S-T—6.020, 0.040 and 0.0G4 in. in 
thickness are shown in Figs. 8, 9, 14, 15 and 17. The 
strength shown for welds in the 0.064-in. material is 
‘approximately the maximum that can be satisfactorily 
obtained in this gage due to the current limitation of the 
welder. Somewhat stronger welds could have been 
made in the 0.020- and 0.040-in. materials if larger elec¬ 
trode tips had been used. 

6. Critical Nature of Machine 5e//t«g5.—Figures 8, 9, 
14, 15 and 17 of this report show how the weld strength is 
affected by variations in primary current. The design of 
the maximum current relay, which controls the primary 
current, is such that its adjustment was not at all critic^ 
for all the welding conditions investigated. The most 
critical adjustment is the sequence timing of the primary 
contactors. The investigation indicates that the cur¬ 
rent wave form and the weld strengths are most seriously 
affected by any delays in the sequence of contactor 
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DtSPERSION CHART 
SINGLE-SPOT LAP-WELDS 
0.020* ALCLAO 248-T 
MAGNETIC ENERGY STORAGE WELDER 
IRREGULAR CONTACTOR OPERATION 


TOTAL WELDS* 100 



WELD STRENGTH IN LBS. 

Fig. 21—Weld DisMrsion;]Chart—0.020 'Iil. Aided 24S-T; 
Irregular Operatios of Contactor* 



operation. Such delays are not likely to occur when by any failure or trouble in the equipment. It should be 
four or more contactors are active in interrupting the pointed out, however, that the equipment was not 
primary current. The critical nature of the pressure operated long enough for very much wear to occur at the 
adjustment was not investigated but it is not believed to tips of the primary contactdrs, which are probably the 
be critical since the ratio of forging pressure to welding greatest potential source of trouble in this equipment, 
pressure is sufficiently high to prevent cracking over the 10. Maintenance Time. —This factor can only be 
complete range of welding pressures usually employed, evaluated under actual production conditions. 

The effect of electrode pressure on weld size and strength 
has been shown to be not critical in other investigations. 

7. Duplication of Results from Day to Day. —While Conclusions 

no specific experiments were conducted in this connection, 

it was found from general experience that to duplicate On the basis of the experience, which has been d^ 
results from day to day it was occasionally necessary to scribed in this report, the following conclusions are 
alter the primary current adjustment by *10 amp. ‘ drawn: 

It is believed that this was due more to the inherently 1. Excellent welds can be made on this equipment 
inconsistent welding characteristics of the material than under a variety of conditions. 

to the performance of the welding equipment. 2. There are two methods of preventing cracks by 

S. Electrical Demand from the Power System. —This is control of the electrode pressure. The weld can be made 
unquestionably one of the most important advantages of either at a low pressure followed by a sudden increase in 
energy storage equipment. It may be the compelling pressure before the weld cools, or at a constant pressure 
reason for the use of such equipment in many instances, sufficiently high to avoid cracking. The latter method 
This investigation was not concerned with this factor requires considerably more current if welds of com- 
which is inherent in this type of equipment, and does parable size are made. There is no evidence that either 
not require experimentation. An important reason for method produces superior welds. 

the reduced power demand of this type of equipment 3. In dual pressure welding the application of the 
compared with a.-c. equipment is that the load is forging pressure with respect to the peak cturent must be 
balanced three-phase and at unity power factor, whereas accurately controlled if it is to be effective in preventing 
the load of a.-c. equipment is single phase and at low cracks. A difference in timing of one or two cycles may 
power factor. The relative importance of this factor is make the difference between the occiurence or avoid- 
determined by the power supply which is available to ance of cracking. In our experience with this equipment 
any particular manufacturing plant. the forging pressure was consistently applied. 

9. Interruptions in Operation. —Throughout the in- 4. In working with Alclad 24S-T a high initial elec 
vestigation the welding program was never interrupted trode pressure (precompression) has little effect on the 
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sheet-to-sheet contact resistance. The same current is 
required for welding regardless of whether precompres¬ 
sion is used or not. In welding warped or formed sheets 
the use of precompression should be expected to be ad¬ 
vantageous in establishing good contact between the 
sheets. No disadvantages in the use of precorapression 
are evident. However, this may not be true for some of 
the other aluminum alloys. 

5. Preheating tends to have a beneficial effect on the 
contact resistance between chemically treated specimens 
having high surface resistance. During the preheating 
period the high contact resistance is reduced to a lower 
value which is more satisfactory for welding. On the 
other hand, there is an indication that preheating may 
lead to objectionable heating of the electrode tips under 
some conditions of surface preparation and electrode 
cooling. It is essential that further research be done in 
this field. 

6. The consistency of welds obtained with magnetic- 
energy-storage equipment is comparable with that ob¬ 
tained with condenser discharge and a.-c. equipment. 

7. In magnetic-energy-storage equipment the proper 
operation of the primary contactors is essential for con¬ 
sistent operation. The current wave form and the weld 
strength are most seriously affected by any delays in the 
sequence of contactor operation. Such delays are not 
likely to occur when four or more contactors are active in 
interrupting the primary current. 
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Note by the Authors 

The authors wish to call attention to the fact that the 
experimental work described by this report was carried 
out largely in 1941. While many of the original observa¬ 
tions are still valid, a few comments are necessary to 
bring the report up to date with respect to developments 
since 1941. These developments include improvements 
in welding equipment, surface preparation, electrode tip 
design and methods of evaluating the consistency of spot 
welds. 

In 1941 the electromagnetic type of energy-storage 
spot welder was beginning to find wide use in the air¬ 
craft industry. Many improvements have been made in 


this type of equipment since 1941. Probably the great¬ 
est single improvement has been in the method and 
apparatus for interrupting the primary cnirrent. The 
original conclusions, pertaining to the usefulness of the 
electrode forging force and the necessity for its proper 
application for the control of cracking, have been con¬ 
firmed many times. The subject of cracking received 
comparatively little attention in 1941. Therefore, the 
value of the electrode forging force was not fully recog¬ 
nized at that time. 

Very little was known about the surface preparation of 
aluminum alloys for spot welding in 1941. Wire brush¬ 
ing and immersion in hydrofluoric acid were the two 
methods employed in the work covered by this report. 
According to present standards, the wire brushing was 
well done but the chemical treatment was unsatisfactory. 
The chemical treatment was only used in a few ex¬ 
periments where chemically prepared surfaces were re¬ 
quired. The value of contact resistance measurements, 
as a means of evaluating surface conditions and con¬ 
trolling the surface treating process, had not yet been 
fully recognized. Since 1941 many chemical methods 
of surface treatment have proved to be far more satis¬ 
factory than either wire brushing or treatment in hydro¬ 
fluoric acid. 

The advantage of electrode tips having spherical con¬ 
tours was just beginning to be recognized in 1941. For 
a long time conic^ tips had been used almost exclusively 
for spot welding aluminum alloys. These tips tended to 
facilitate expulsion of metal from the weld. Flat elec¬ 
trode tips were next tried because they had been found 
satisfactory for welding steel and because the chief 
difficulty associated with conical tips could be avoided. 
It proved to be very difficult to obtain a uniform distri¬ 
bution of pressure with the flat tips. Spherical tips 
seemed to combine the advantages and to avoid the dis¬ 
advantages of both the conical and flat tips. However, 
in 1941 the machining of spherical tips and their rapid 
deformation were thought to be obstacles in the way of 
their extended use. Both flat and spherical tips were 
employed in the work represented by this report but the 
superiority of the spherical tips was not fully recognized. 
Their use was not strongly enough recommended. Since 
that time, simple tools have been developed for machining 
spherical tips and they have been almost universally 
adopted for spot welding the light alloys. The deforma¬ 
tion of spherical tips did not prove to be a serious matter. 

Since 1941 many investigators have adopted A.S.T.M, 
methods for evaluating die consistency of spot welds 
with respect to shear strength. According.to these 
methods, the consistencies in the above report cor¬ 
respond to coefficients of variation of approximately 
12, 9 and 7% for the 0.020-, 0.040- and 0.064-in. gages, 
respectively. These coefficients were obtained by weld¬ 
ing wire-brushed sheet. Possibly better consistency or 
lower coefficients could have been obtained, if the sheet 
had been properly surface treated by chemical means. 

For more information regarding later deyelopments in 
this field, the reader is referred to the many papers which 
have appeared on the subject in The Welding Journal 
and other publications since 1941. 
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Spot Welding of Heavier Gages of 

Aluminum Alloy* 

Part n—New Portable Instruments for Rapid Measurement 
of Current and Tip Force in Spot-Welding Machines 

By R. C. McMaster^ and N. A. Begovichl 


Abftiact 

This report presents details of the design, construction, cali¬ 
bration and method of using a new portable instrument for measur¬ 
ing welding current and tip force in spot-weldi ig machines. Cur¬ 
rent and tip force are measured by means of a sm^l unit combining 
a toroid and a strain gage bridge. This unit may be slipped over 
the electrode holder of any spot welder and clami^ ready for use 
in a few minutes. It could be used in production with negligible 
time lost in the operation of the spot welders. The simultaneous 
records of welding current and tip force obtained with this unit 
may be applied to either a cathode ray or magnetic oscillograph 
or both. With a long persistence tube in the cathode ray oscillo¬ 
scope, the welder performance may be checked visually. The 
magnitude of welding current, the tip force and the timing may be 
measured directly from the screen of the cathode ray oscillograph. 
Permanent records can be obtained at low cost by photographing 
the cathode ray tube screen with a 35-mm. camera. The con¬ 
sistency of operation of a spot welder is very easily checked by 
making sever^ successive welds and noting visually or in a photo¬ 
graph of the cathode ray tube screen the occurrence of any dis¬ 
crepancies in wave shape or timing. The cost of the slip-cm unit 
with a cathode ray oscilloscope is much lower than that of the 
magnetic oscillograph frequently used for spot-welder instrumenta¬ 
tion. This new instrumentation should have an immediate wide 
application in the aircraft industry where new specifications require 
frequent oscillographic checking erf welder performance in spot- 
weld production. 


Introduction 

P RODUCTION spot-weld process control for alumi¬ 
num alloy structural parts requires oscillographic 
measurement of welding machine performance 
when machines are being certified and periodically during 
production to determine variations in machine per¬ 
formance. ‘ The machine variables most frequently 
measured are the welding current magnitude and wave 
shape, the tip force during welding and forging, and the 
time and rate of application of the forge force. This 
measurement usually requires simultaneous continuous 
records of current and tip force during the weld period. 

The instruments previously dev'eloped and now widely 
used in production to measure these quantities consist 
of a current shunt mounted in the welding transformer 
secondary circuit, and a strain gage bridge mounted so 
as to measure the force applied to the welding electrodes. 
In some applications, both of these devices are mounted 
in a special electrode holder which is inserted in the 
welding machine when it is desired to make measure- 

• ReMarch Report. Office of Production, Research and Development of the 
War Production Board, WPB Contract 181, Report No. 1 dated Feb. I, 194.">. 
was published in the Ocl. Supplement. Part li was dated April 1 and Part 
III was dated April 15. 

t Ur. McMaster. formerly supervisor of aircraft weldinK and X-ruy research 
projects at the California Institute of Technology, is now research enKincer 
with Hattelle Memorial Institute of Columbus, Ohio. Mr. DcKovich is in 
sirurtor in electrical enfc;ineerinK and electronn-s engineer at California In 
slittite of lei-hnology 


ments, Figs. 1 and 2. In other cases, these devices art 
permanently mounted on each welder. Records art 
usually made on photographic paper or film with a 
magnetic oscillograph, such as is shown in Fig. 3. 

The cost of frequent performance checks is high when 
loss of production time, because of film development and 
electrode holder changing, is considered. Even with 
priorities, the cost and scarcity of magnetic oscillographic 
equipment make it desirable to record with less expensivt 
and more readily available instruments. 

The usual way of determining the welding current in j 
spot welder is to measure the voltage drop across a set 
tion of the welding loop. Knowing the resistance of the 
chosen section, the welding current can be calculated. 
However, any type of d.-c. resistance measurement would 
not evaluate the skin effect produced by the actual weld 
ing current. In addition, Ae temperature coefficient oi 
the copper electrode holder makes it a poor material fir- 
use as a calibrated shunt. Because of the very low re 


A. Assembled for use 




B. Disassembled, showing threaded connections 

Fig. 1—Typical Manganin Alloy Carrent Shunt in Spot-Weldet 
Electrode Holder 
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B. Assembled unit A. Detail of gage mounting 

Fig. 2—Electrical Renstaace Strain Gage Bridge Mounted Directly on Spot*Welder 
Electrode Holder to Meaaure Tip Force 


sistance per unit lengUi of the welding loop, the section 
that mu^ be used for the voltage drop must be in the 
order of 3 to 5 in. in length. Separating the pick-up 
leads by such a distance introduces the possibility of 
inductive pickup which would give an inaccurate 
measurement of the welding current. To obtain an 
appreciable voltage drop over a short section of the 
welding loop, a section of manganin, a high resistance 
alloy, is inserted in the electrode holder. The voltage 
drop across the manganin section is large since its re¬ 
sistance is about 20 times greater than that of the 
electrode material. This method of current measiue- 
raent, however, limits the maximum welding current 
because of the large increase in the welding loop re¬ 
sistance. 

Introduction of an electrode holder containing a man¬ 
ganin shunt into the welding loop of a typical large spot 
welder reduced the welding current 16.7% when all other 
welding conditions were maintained constant. If weld¬ 
ing technique were established with an electrode holder 
containing a manganin current shunt, and the standard 
electrode holders were then placed in the machine for 
production welding, the welds made would be grossly 
oversize. If the welder were being operated at maximum 
capacitance and voltage to produce acceptable welds in 
a given thickness of materi^, introduction of the shunt 
would make it impossible to produce such welds with the 
machine. In pr<^uction checks, however, the error in 
the shunt measurement could be assumed to remain 
constant, in which case the consistency of machine 
operation could be checked with the conventional equip¬ 
ment. 

In the research on spot welding heavier gages of 
aluminum alloy, the effect of the shimt in reducing the 
welding current prevented its use when the machine had 
to be operated at maximum energy in order to produce 
nuggets in the material being welded. An alternative 
method of measuring the secondary current by means 
of a pick-up coil, shaped as a toroid, and an integrating 
circuit was then devdoped.* This unit slipped over the 
welder electrode holder, so that it could be installed 
almost instantly without stopping production, and 
produced an accurate record of the welding current 
without in any way affecting the current. Its advan¬ 
tages were so obvious that several aircraft companies 
have now built such units and tested them in production. 
They have been found very satisfactory on magnetic 
and condenser type energy storage welders which produce 
pulse discharge welding current. For measurement of 
welding current produced by a.-c. welders, a simpler 
toroid and associate circuit can be used.’ 


Description of Instruments 

The new equipment for measuring 
spot-welder tip force and welding cur¬ 
rent consists of a slip-on unit which 
is attached to one of the standard 
electrode holders of the spot welder. 
The slip-on unit contains a strain 
gage bridge and a toroid coil assem¬ 
bly. The output of the slip-on unit 
is connected by means of a shielded 
cable to the necessary amplifiers and 
oscillograph located at a distance from 
the welder to avoid the strong mag¬ 
netic fields of the secondary circuit 
of the welding transformer. 

Slip-on Strain Gage Unit 

Figure 4 shows the laboratory model 
of the metal sleeve slip-on strain gage. 
The unit is placed on the electrode 
holder and is rigidly fastened to it by means of eight set 
screws. Thus, the slip-on sleeve takes a longitudinal 
strain when force is applied to the electrode holder. The 
cross-sectional area of the sleeve where the strain gages 
are mounted is so chosen that, when maximum compres¬ 
sion occurs, the elastic limit of the metal sleeve is not 
exceeded. The laboratory model was made of hard- 
rolled brass with an inside diameter of 1 Vz in. and a sleeve 
wall thickness of Vw in- Forces as high as 9000 lb. 
were measured without distortion of the sleeve or slip¬ 
page of the clamping screws on the electrode holder. 
When the slip-on strain gage unit is used separately from 
the ciirrent measuring unit, a cylindrical cover is slipped 
over the sleeve to protect the strain gages from me¬ 
chanical damage. The resistance strain gages are 
wound double, as shown in Fig. 6, to reduce inductive 
pickup. All four gages of the ^Tieafstone bridge circuit 
are mounted on the slip-on unit. In this way maximum 
bridge unbalance is obtained when the sleeve is stressed. 
In addition the entire bridge is subjected to the same 
temperature effect. Figures 4 and 5 show the mounting 
of ^e gages on the sleeve. Two gages are mounted 
parallel to the axis of the electrode holder and are com¬ 
pressed when force is applied to the electrode holder. 



Fig. 3—Sis-Elament Magnetic Oscillograph Commonly Used 
to Record Spot-Welder Variables During Weld Cycle 
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Detail of Gage Mounting B. Complete Unit with Protective Cover Removed 



C. Complete Unit as Used D. Unit Mounted on Electrode Holder 

of Spot-Welder 

Fig. 4—Laboratory Model of Slip^n Strain Gage Unit 


method of demodiUation can be 
either the conventional full wave 
rectifier or the ring demodulator 
In using the conventional full wave 
rectifier circuit, the output of tk 
rectifier should be fed into an J/ 
derived half section filter netwixk. 
The filter network should be de¬ 
signed so that it has infinite attai- 
uation at twice the audio frequency 
used to excite the Wheatstone 
bridge since this is the lowest ripple 
frequency present in the rectifier 
output. Figure 7 shows the wiring 
diagram for the above-mentioned 
circuits. 

The sensitivity of conventional 
recording elements for magnetic os¬ 
cillographs ranges from 5 to 10 ma 
per centimeter deflection. This ap¬ 
plies to the older type of mag¬ 
netic oscillograph elements. Mod 
em galvanometer type oscillograph 
elements are many times more sen¬ 
sitive. More sensitive elements art 
made but cost more than the stand 
ard elements and are harder i 
obtain. Since the recording ele 
ments also have a very low resist 
ance, less than 10 ohms, the d.< 
output voltage variation of thr 
demodulator must be changed into 
a current variation. The p>articular 
current amplifier used is shown ir> 
Fig. 7. . 



Fig. 5—Sketch of Slip-on Unit Showing Strain Gage Bridge 


The other two gages are mounted circumferentially so 
that when the slip-on sleeve expands, because of Poisson’s 
ratio, the gages are elongated. Each gage has two 
tightly wound number 2S enameT covered lead wires 
which are brought out perpendicular from the sleeve to 
reduce inductive pickup. The four gages are then 
formed into a Wheatstone bridge at the balancing net¬ 
work. Because of the slight variation in strain gage re¬ 
sistance and capacity to ground, the Wheatstone bridge 
must be shunted by a balancing network consisting of 
variable resistors and capacities to obtain a balance when 
the electrode force is zero. 

The Wheatstone bridge is excited by means of an 
audio oscillator operating anywhere from 1000 to 5000 
cycles per second. The higher frequency is preferred 
since the necessary amplifiers may then be peaked at the 
high audio frequency and the low frequency inductive 
pick-up signal will then be attenuated. After ampli¬ 
fication of the modulated audio-frequency output of the 
Wheatstone bridge, the signal is demodulated so that a 
single line trace is obtained for the force cycle. The 


The usual method of calibrating strain gages may be 
used for the slip-on strain gage. The bridge is initially 
balanced when the unit has no force applied to it. A 



Fig. 6—Method of Winding Strain Gagee with Doubled Wire 
to Reduce Inductance and Pick-up Effect! 
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given value of resistance is then shunted across the 
bridge, unbalancing it. The magnitude of force this 
imbalance and corresponding deflection represent can 
be determined by placing a mechanical force gage be¬ 
tween the welding tips. If all the electrode holders 
used have the same cross-sectional area and modulus 
I of elasticity, the calibration can be made once and used 
, thereafter. If more accurate measurements are desired, 
, each electrode holder has to be calibrated when the slip- 
on unit is placed on the electrode holders. 

Details of recording by a cathode ray oscillograph will 
be discussed in the latter part of this report. 

Figure 8 shows magnetic oscillograph records of welder 


tip force obtained on two successive sp>ot welds made 
undef nearly identical conditions. The first record was 
made with the conventional arrangement of the strain 
gage bridge mounted directly on the electrode holder 
shown in Fig. 2. The second record, which shows an 
identical force trace, was made with the slip-on strain 
gage.assembly. The slight ripple on the force record 
was caused by improper attenuation of the strain gage 
carrier frequency. 

Slip-on Toroid Unit 

The second element of the slip-on assembly is a pick-up 
coil shaped as a toroid which is used to measure the 


60 eyele tialnc 

^ VWWWWVWVN 



A- Welder Tip Force Record Obtained with Strain Gage Mounted 
in Electrode Holder, as Shown in Fig. 2 
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B. Welder Tip Force Record Obtained with the Slip-on Strain 
Gage 


Fig. 8—Oscillogieuns of Welder Tip Force on Successive Spot Welds Made Under Identical Conditions. 
Record A Was Obtained with the Conventional Strain Gage on the Electrode Holder. Record B Was Ob- » 
tained with tiie Slip-on Strain Gage Unit. When Superimposed, the Two Force Traces Are Identica' 
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secondary welding current of the spot welder. The 
toroid consists of commercially available cylin¬ 

drical air core radio frequency choke coils which are 
grouped in the form of a toroid in a bakelite case, Fig. 9, 
The toroid assembly is slipped over one of the electrode 
holders of the spot welder and is fastened in place by a 
set screw, Fig. 10. For a compact unit, the inside diam¬ 
eter of the toroid may be made so that it will fasten 
over the slip-on strain gage. 

The size of toroid is determined by the magnitude of 
welding current to be measured and the amount of 
amplification available between the toroid and the re- 



Fig. 9—Toroid Pick-up Assembly Used to Measure Welding 
Current. Cover Removed in Right-Hand Photograph to Show 
Choke Coils Arranged as a Toroid 



Rg. 10—Toroid Pick-up Assembly in Place on Electrode of Spot 

Welder 


cording oscillograph. The laboratory model toroid was 
made a little larger than necessary since ample space 
was available around the electrode holders and propor¬ 
tionally less amplification was necessary. Toroids hav¬ 
ing a diameter of only an inch larger than the electrode 
holder could be used if the necessary voltage amplifiers 
were constructed. 

The laboratory toroid occupied a cylindrical volume 


DIAMETER OF 



Rg. 11—Detail of Electrical Connections of Toroid 

All coils are connected in series. The end connection retunii 
uwugh the center of the coils to cancel the loop iruiuctive ef^ 
of the toroid. The grounded center tap Is connected between &a 
sixth and seventh coils, splits to encircle the welder electrode, aui 
Is connected to die sheath of the cable to &e amplifier. 


about 2 in. high and 5 in. in diameter. Twelve coils of 
3140 turns each, approximately 1 in. in diameter and 
Vs in. high, comprised the toroid winding. Fig. II. 
Particular attention was given to the way the coils were 
connected. All the coils were connected in series so 
that their inductances were additive. The end lead of 
the last r. f. choke coil was looped back through the 
center of the other coils. This prevented the entire 
toroid from acting as a one-tum loop and thus made it 
possible to induce voltage in the toroid only by means 
of the^changing current which passed through the axis 
of the toroid. When the toroid was plac^ directly 
beside, but not encircling the electrode, no pickup oc¬ 
curred. A center tap connection was made to the tCMtnd 
between coils number six and seven and was connected 
to the ground sheath of the cable to the amplifier. To 
eliminate electrostatic pickup, the leads from the toroid 
were enclosed in a grounded sheath. 
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Fig. 12—Integrating Circuit Used in Connection with Toroid 
Pickup 
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The wav« shapee are Identical throughout the significant region 
when the weld is being foiined. 


The voltage induced in the toroid is the product of the 
mutual inductance between the electrode holder and the 
toroid, and the rate of change of the welding current 
passing through the electrode holder. Thus, to obtain 
the magnitude of welding current and its wave shape, 
the output voltage of the toroid must be integrated. 
This is accomplished by means of a resistor and con¬ 
denser connected in series across the toroid output 
terminals. The voltage developed across the condenser 
is the integrated output voltage, Fig. 12. By choosing 
the time constant of the integrating circuit, i.e., the 
product of the integrating resistance and capacitance, 
$o that it is about 50 times that of the total time for the 
welding ciirrent discharge, the wave shape of the output 
voltage of the integrating circuit is identical to the wave 


shape of the welding current. Fig. 13. It can be shown 
that, by substituting the equation for the welding current 
discharge in the differentia equation for the integrating 
^cuit, the relation between the output voltage of the 
integrating circuit and the welding current passing 
through the axis of the toroid is given by 



where 

M — the mutual inductance between the toroid and 
electrode holder 

R and C = the integrating resistance and capacitance 
/ = the secondary welding current 

e = the toroid integrated output voltage. 

This is true only if the product RC is many times larger 
than the time length of the welding current discharge. 
Thus, by measuring or recording the integrated voltage 
ouput of the toroid and knowing M, R and C, the weld¬ 
ing current is immediately determined. 

The values of R and C were determined accurately by 
measurement with an impedance bridge. The mutu^ 
inductance between the toroid and electrode holder 
was measured in the following way. An a.-c. current 
of 50 amp. was passed through the electrode holder. 
The output voltage of the toroid was measured by means 
of a c^brated vacuum tube voltmeter. The output 
voltage of the toroid is related to the electrode current by 

e = 2irfMI 

where 

e = effective value of voltage measured across 
toroid output terminals 

/ = effective value of a.-c. ciurent passed through 

electrode holder 



Fig. 14—Calibration and Amplifier Circuits Used to Measure Secondary Current with Toroid Pick-up Unit 

and Magnetic Oscillograph 
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/ = frequency of a.-c. current passed through elec¬ 

trode holder 

M = mutual inductance between toroid and electrode 
holder in henrys 

In this way, the value of mutual inductance was imme¬ 
diately calculated. In making this measurement a 
number of values of current between 50 and 200 amp. 
were passed through the electrode holder. A plot of e 
versus / was made in order to see if any errors in meter 
readings or in meter scale multiplication had occurred. 
The curve was a straight line through the origin, indicat¬ 
ing no error. The value of mutual inductance deter¬ 
mined by this test is then the value of mutual inductance 
that will occur between any similar welding electrode 
holder and the toroid. 

The mutual inductance of the toroid used in the 
laboratory was 67.52 /ih. With the integrating constants 
shown in Fig. 12, the output voltage for 50 kiloamp. 
peak welding current was 0.67 v. Since full scale de¬ 
flection of the magnetic oscillograph was obtained with 
0.67 V. input to the toroid amplifier, a switching arrange¬ 
ment was incorporated in the integrating circuit so that 
full scale deflection could be obtained with 50, 100, 150 
or 200 kiloamp. of welding current. 

To obtain the necessary current to deflect the mag¬ 
netic oscillograph elements (65 ma. for 9 cm. deflection), 
the output voltage of the integrating circuit was ampli¬ 
fied, Fig. 14. The first amplifier using a 6SL7 gave a 
voltage gain of 25. The 10,000-ohm potentiometer in 
the plate voltage circuit of the 6SL7 was adjusted so 
that the grid-to-grid voltage of the 6A5G tubes was zero 
when the input signal was zero. The 
second stage of the amplifier was a 
current amplifier using push-pull 
GA5G tubes. The 1000-ohm plate 
resistor in this stage was adjust^ so 
that the oscillograph element current 
was zero when the input to the 
amplifier was zero. The potentiom¬ 
eter across the 300-v., 20-ma. power 
supply was adjusted so that the total 
current requir^ by the 6A5G tubes 
was 200 ma. with no signal input. 

By using a push-pull circuit from the 
toroid to the magnetic oscillograph 
element, any fluctuation in the d.-c. 
power supply was cancelled out. 

Another advantage of the push-pull 
construction was that the no signal 
oscillograph element current was 
zero. The toroid amplifier was found 
to be linear for current outputs as 
high as 70 ma. A reversing switch 
was placed in the input of the ampli¬ 
fier in order that, irrespective of in¬ 
put voltage polarity, the oscillograph 
element would be deflected in one 
direction. The reversing switch coidd 
be replaced by a relay connected to 
the spot welder so that when the polar¬ 
ity of discharge to the welding trans¬ 
former was changed, it woidd also 
change the amplifier input voltage 
connections. 

A calibrating voltage was incorpo¬ 
rated in the amplifier, so that the 
oscillograph deflection could be cali¬ 
brated in steps of one fourth of full scale 
deflection. Note that for the different 
range positions of the toroid integrating 
circuit, the output voltage is always the 


same, 0.67 v., for the maximum current for that range 
position. Thus, only one value of voltage was necessary 
to calibrate the oscillograph deflection, for full scale de¬ 
flection for the 4 kiloamp. ranges of the toroid integrating 
circuit. The variable resistor in the calibrating circuit 
is adjusted so that the voltage across points 1-1 is the 
same as the toroid output voltage for full scale deflection. 
Steps are provided in the calibrating voltage so that 
V 4 » Vs Vi fifll scale deflection could also checked. 

Cathode Ray Oscilloscope 

The force and current traces produced by the slip-on 
unit and auxiliary equipment may be reproduced as 
shown in Fig. 15, on tihe screens of any of several com¬ 
mercially available cathode ray oscilloscopes. It is 
desirable to have an oscilloscope tube with a screen 
diameter of at least 5 in. in order that reasonably ac¬ 
curate measurements may be made from the traces. 
For visual observation and measurement, a long per¬ 
sistence screen, such as the Dumont 5LP7, is desirable. 
For photographic recording of the traces, a blue screen, 
such as the Dumont 5LP5, is recommended, although 
with new high speed panchromatic films, the green 
screens used for visual observation may be readily 
photographed with transients as slow as those obtained 
from spot welders. 

The equipment used in the laboratory consists of a 
Dumont 208 cathode ray Oscilloscope with a 5-in. diam¬ 
eter tube. The simple attachment shown in Fig. 16 
supports a 35-nim. Perfex camera which has been pro¬ 
vided with a lens extension tube so that the screen of the 





Forge Force Delay Normal 
tip fore* 



Records of Three Successive Spot 
Welds with Advanced, Nonnal and 
Excessive Form Force Inlays. Respec 
tively. By Superimpoei^ Several 
Successive Records of This 
Welder Control Operation and tiu 
bration Can Be Checked Quickly on 
a Single 35-Mm. Film Exposure or by 
Visual Observation 


Rg. 15—Photographs of Screen of Cathode Ray Oscillosoope, Showing Siinnltaneoas 
Traces of Secondary Current and Welder Tip Force, Obtained vritn SUp^ Unit 
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Fig- 16—Camera Attachment Used with Dumont No. 208 
Cathode Ray Oecillosoope. It May Be Swung Out o{ the Way 
Quickly lor Visual Observation of the Screen 


CRO tube may be sharply focused. For visual opera¬ 
tion, the camera assembly swings to one side. When a 
record is to be made, the camera is swung into place, 
the shutter opened, the welder operated and the exposure 
tenninated. The device then swings out of the way 
until another picture is desired. 

The Eastman Kodak Co. of Rochester, N. Y., now has 
available a high contrast film, Eastman Recording Safety 
Negative Film Code No. 5211, especially made for 
photographing cathode ray tube traces. Regular East¬ 
man panchromatic Super XX can be used but it has the 
disadvantage of having to be developed in total darkness 
while the special film can be developed under a red safe- 
light. 

To obtain two simultaneous traces of different pheno¬ 
mena with a single beam cathode ray tube, an electronic 
switch is required. This devdce permits a simultaneous 
observation of two separate phenomena by alternately 
switching first one and then the other signal to the input 
of a cathode ray oscillograph. In this way the current 
and tip force traces may be reproduced simultaneously 
on the screen. The switching rate may be made fast 
enough so that both traces appear to be continuous. 
However, it is advantageous in recording welder tran¬ 
sients to adjust the switching rate to obtain discrete 
dots in the traces. Thus, when the switching rate is 
known, the dots automatically give a time measure on 
the traces. 

Since the force trace and toroid output voltage are 
slowly yarying d.-c. potentials, the electronic switch 
performs another desirable function in addition to switch¬ 
ing. By interrupting the two signals, the output fre¬ 
quency of the electronic switch is determined by the 


switching rate. Thus the d.-c. signals of the force and 
current are changed into an a.-c. signal which the con¬ 
ventional RC coupled amplifiers in the oscilloscope can 
amplify. 

The particular electronic switch used in the laboratory 
was the Dumont type 185-A. The voltage output for 
the force trace should be taken from the load resistor 
for the M derived filter. Fig. 7. The current amplifier 
following the filter is not necessary when cathode ray 
recording is used. To record the current trace, the 
toroid amplifier is not necessary. The output <rf the 
toroid integrating circuit can be connected to the elec¬ 
tronic switch through a cathode follower circuit, Fig. 17. 
The cathode follower is necessary to prevent shunting 
the integrating condenser with the gain control in the 
electronic switch. 

To observe the transients of welding current and tip 
force, it is desirable that the beam of the cathode ray 
oscilloscope sweep across the screen in s)nichronism with 
the welding operation. The sweep spe^ should be low 
enough so that the entire current stuge and the welding 
and forging tip forces are shown clearly enough to be 
measur^. A single sweep circuit of the type shown in 
Fig. 18 is needed since the Dumont 208 has only a re¬ 
current sweep. To initiate the sweep, use may be made 
of a relay connected to the microswitch or any other 
switch which initiates the current surge in the spot 
welder. Because of the time delay in relay operation in 
the welder, a short portion of the base line is recorded on 
the screen before the crurent surge begins. 

To calibrate the current trace on the cathode ray 
screen, a given d.-c. voltage may be applied to the 
cathode follower input terminals. Since the output 
voltage for a given peak value of welding current is known 
for the toroid circuit, the calibrating voltage can be 
selected so that a given deflection on the cathode ray 
tube screen corresponds to a certain value of welding 
current. 

The cathode ray oscilloscope offers several distinct 
advantages over the magnetic oscillograph in measure¬ 
ments of spot-welder tip force and current. In con¬ 
nection with the slip-on instruments described, the 
cathode ray oscilloscope makes possible almost instan¬ 
taneous measurements. Adjustments in the spot welder 
can be made and checked in rapid succession when the 
cathode ray oscilloscope is used for visual observation, 
yet permanent records can be obtained without delay. 
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Boolttor batweea AC It adjntttd to that oathodt it 3*5 
T posltlTt with rotptot to grooad* Poiint B It adjvated 
to that it it at ground potential* Portioular ealuet 
of voltage thovn were ohoeen ainoo they ore the output 
voltage of the VR~105* 


Fig. 17—Cathode Follower Used to Prevent Shunting of Inte¬ 
grating Circuit by Gain Control in Electronic Switch 
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Rg. 18—Single Sweep Circuit Used to Record Welder Transients on the Cathode 

Ray Oscilloscope 


The cathode ray oscilloscope is particularly advan¬ 
tageous when it is desired to check the consistency of 


operation of a welding machine. 
Ten or twenty wdds can be made in 
succession, and with the long persist¬ 
ence screen, visual observation can 
detect any significant variations in 
current, force or timing. A single 
photograph made of the screen of the 
oscillograph may be made to include 
any number of successive traces. 
Thus, consistency at one machine 
setting, or the effect of varying any 
of the welder controls through a wide 
range, may be quickly checked at 
very low cost, in only the time re¬ 
quired to make the welds. 
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Part in—The Spot Welding of Wire-Brushed 24S-T Alclad 
Aluminum Alloy Sheets in Thicknesses from 0.081 

to 0.125 In., Inclusive 


Abstract 

This report summarizes results of a study of the technique of 
spot welding 24S-T Alclad aluminum alloy sheets of 0.081. 0.091, 
0.102 and 0.125 in. thickness. The investigation was carried out 
with a press type condenser discharge aluminum spot welder with 
a maximum capacitance of 7500 Mf and a maximum tip fwce of 
9000 Ib. Curves and data are ptresented to show the influence of 
welding machine variables upon weld strength, geometry and 
quality. Optimum welding techniques are indicated for the listed 
gages. The maximum energy storage capacity (7500 pf at 3000 v.) 
was found to be Inadequate to produce nuggets of diameter three 
times the sheet thickness in 0.156-m. 24S-T Alclad aluminum alloy. 
This energy could not pr^uce a nugget in 0.188-in. material under 
any combination erf welding machine settings. The maximum tip 
force of 9000 Ib. was not adequate to produce crack-free weld 
nuggets in 0.125-in. or thicker sheets. 


Introduction 

T his report summarizes the results of a study of 
machine variables and the technique of spot weld¬ 
ing wire-brushed 24S-T Alclad aluminum alloy 
sheets of 0.081, 0.091, 0.102 and 0.125 in. thickness. 
The welding equipment, instnunentation and test pro¬ 
cedure have bwn described in previous reports.* The 
press type condenser discharge aluminum spot welder 
used for this research was loaned by the Federal Welder 
and Machine Co., and was provided with electronic 
control by the Westinghouse Electric and Manufactur¬ 
ing Co. Its maximum energy storage capacity was ob¬ 
tained with 75(X) ni charged to SCKK) v. It was modified 
to provide a maximum tip force of 9000 lb. All tests 


• See Report No. I, "Instrunscntation of the Spot Welder and Investigation 
of the Spot WeklinK of n.OHl-In.-0.0«1-In. 2-lS-T AlHad Sheet." R. C. Me- 
Master and N. A. Begovich, February 1, 194-'), WHB-KH; and Report No. II, 
■'New Portable Instrument.') for Rapid Measurement of Welding Current and 
Tip l''orce in Spot-Welding Machines," N. A. Begovich and R. C. McMaster. 
.\pril 1, 1945. WPB-161. Also published in Oct. 1945 Welding Research Sup¬ 
plement. 
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were made with wire-brushed 24S-T Alclad aluminum 
alloy in two layer equal thickness combinations. 

Test Procedure 

The approximate optimum welding procedures and 
conditions were established by exploratory welding in 
each gage. Welds were then made throi^bout the 
feasible range of condenser voltages and secondary cur¬ 
rents (a) witb the optimum secondary current wave 
shape, (b) with a steeper current wave and (c) with a 
flatter current wave. Welds of three sizes w er e made 
with the optimum current wave shape througbout a 
wide range of tip forces during welding. Welds of three 
sizes were made with the optimum current wave shape 
and tip force during welding, but with different foiR 
forces, throughout range of possible forge force de¬ 
lay times. welds were radiographed. Osdllograns 
were made at each typical welding condition. Several 
welds made under each condition were pulled to faihire 
in static shear and in static tension. At least one weid 
from each welding condition was sectioned and imcrv 
graphed. The resultant weld properties were coerdated 
with the conditions of welding. 

Test Results 

(a) Secondary Current Wave Shapes and — 

Figure 1 lists the secondary current wave shapes 
with each gage and the marine settings used to obti * 
them and also shows the relation of the magnitude *: 
peak secondary current to the condenser volUce i 
planation of the wave shape nomenclature is sh •* 
Fig. 12. 
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Fig. 1 (a)—Relation Between Peak Secondary Current Ip and Voltage Settings of the Fig. 1 (B) -Relation Between Peak Secondary Current Ip and V^tage Settings (rf the 

Welder, for Typical Current Wave Shapes Welder, fer Typical Current Wave Shapes 
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57 msec 
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o 
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A 
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28-42 

26-30 
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57 mseo 

S! 



3.0 


61.5 (2250) 

68.5 (2200) 

73.0 (2250) 

o 

lO 

e- 

3.5 


66.3 (2600) 

73.5 (2500) 

78.5 (2560) 

o 



4.0 


72.0 (3000) 

83.0 (3220) 

66.0 (3050) 

M 

o 

A 



Va!f0 shape T 2 ) 

46-74 

36-50 

28-30 





Forge foroe time delay 

136 msec 

96 mseo 

74 mseo 

N 

S 

3.0 


77*0 (2920) 

83.0 (2660) 

91.5 (2400) 



* 

3.5 


80.2 (.3520) 

66.2 (3250) 

96.5 (3100) 

o 



4.0 


87*0 (3960) 

94.5 (3500) 

111.5 (3800) 

to 

0) 

/i 

.o 


Wave shape (T^* T 2 ] 

56-110 

45-66 

34-43 

«? 




Forge foroe time ^lay 

155 msec 

113 mseo 

76 mseo 

m 

9 

g 

3*0 


82.0 (4200) 

87.5 (4100) 

99.5 (4050) 


55 

35 

3.5 


91.0 (4500) 

95.0 (4600) 


o 



4.0 


—— 


—— 


(b) Weld Nugget Size and Shape. —The relation be¬ 
tween weld nugget diameter and the peak secondary cur¬ 
rent is shown for each wave shape and material thi(^ess 
in the curves of Fig. 2. These data were obtained with 
the optimum tip pressure during welding. The effect 
upon weld nugget diameter of varying the tip force dur¬ 
ing welding is shown for optimum wave shape in each 
gage in the curves of Fig. 3. 

The relations between weld nugget penetration and 
welding current and tip force are shown by the curves of 
Figs. 4 and 5, respectively. 

(c) Static Shear and Tension Strengths. —^The relation 
of static shear and tension strengths to the peak second¬ 
ary current is shown for each wave shape and gage in 
the curves of Fig. 6. The effect of varying the tip force 
during welding is shown in Fig. 7. 

{<£) Nugget Cracking and Porosity. —^The range of 
crack-free nonporous weld nuggets is shown as a function 
of nugget diameter, forge force and forge delay time in 
the curves of Fig. 8. These regions were determined by 
radiographing the welds. 

{e) Nugget Extrusion and Expidsion. —Tips of rela¬ 
tively large radius (9 to 18 in.) and adequate tip forces 
during welding were used to eliminate expulsion, ex¬ 
trusion and excessive sheet separation throughout the 
range of acceptable welds. Only with tip forces lower 
than recommended, or with extremely large nugget 
diameters, did these defects appear in the test runs. 

(/) Strength Consistency. —Static shear strength consist¬ 
ency is indicated for each condition of welding by the bands 
in Fig. 9, showing the spread in strengths as a function 
of secondary current. Static shear strength consistency 
for the recommended optimum welding conditions is 
shown for groups of 25 welds each in the charts of Fig. 10. 

(g) Effect of Spot Spacing. —The effect upon weld 


nugget diameter of vaiying the spacing between succes¬ 
sive spots in a single row is shown in the curves of Fig. 11. 
The nugget diameters were determined from radiographs. 

{h) Recommended Optimum Welding Conditions. —The 
recommended optimum welding conditions for a con¬ 
denser discharge spot welder with 7500 ^f maximum 
capacitance and 9000 lb. maximum tip force are pre¬ 
sented in Table I. 

Conclusions 

Acceptable spot welds in 24S-T Alclad aluminum alloy 
prepared by wire brushing can be made under the condi¬ 
tions listed in Table I. 

The peak secondary welding currents required to form 
weld nuggets of 3, 3.5 and 4 times the sheet thickness, 
with optimum current wave shape and welding condi¬ 
tions, are shown in Table I as a function of material 
thickness. These data are a direct indication of the ma¬ 
chine capacities required. 

Tip ra^i smaller than 6 in. are inadequate for spot 
welding gages larger than 0.081 in. thickness, and cause 
excessive expulsion, nugget extrusion and sheet separa¬ 
tion when used with heavier gages. Tip radii of the 
order of 9 to 18 in. should be used with gages of 0.091 to 
0.125 in. 

Higher tip forces during welding permit a wider range 
of nugget sizes to be made without extrusion, expulsion 
or excessive sheet separation. Nugget penetration de¬ 
creases slowly, but nugget diameter changes relatively 
little, when tip force during welding is increased with 
normal welding current. 

Higher tip forces during forging widen the range of 
forge delay times which produce crack-free welds and in¬ 
crease the latitude of acceptable machine settings. 


WELDING RESEARCH SUPPLEMENT 


Digitized by 


Google 


66S-S 


DECEMBER 








































Acknowledgment OflScial Investigator, with the assistance of Messrs. C. C. 

Woolsey, C. W. Napier, C. L. McWade, L. J. Maguire, 
The research on which this report is based was carried W. J. Smith, Mrs. L. E. Gaard, Mrs. E. Di^ and Miss 
out under the direction of Professor F. C. Lindvall, M. Cooke, in addition to the authors. 


The Spot Welding of Dissimilar 
Thicknesses of Alclad 24S-T* 


By W. F. He88,f R. A. Wyantt and B. L. Averbach^ 


M any aircraft designs now call for the spot weld¬ 
ing of dissimilar thicknesses of Alclad 24S-T. 
In addition, there is often the restriction that 
one of the surfaces remain smooth, with no indentation 
or other distortion. This report describes some pre¬ 
liminary work on the spot wdding of 0.020- to 0.040-, 
0.020- to 0.064- and 0.020- to 0.125-in. Alclad 24S-T and 
methods of leaving either the thick or the thin sheet 
smooth. 

The position of a spot weld in relation to the faying 
surfaces is affected by; 

1. The shape and size of each electrode. 

2. The conductivity of each electrode. 

3. The contact resistance at the faying surfaces. 

This report evaluates the relative effect of each of these 
factors in determining the location of the zone of fusion. 
No attempt was made to measure the shear strength of 
these specimens since it was assumed that a reasonable 
microsection was indicative of a reasonable shear 
strength. 

All welding was done on a condenser discharge machine 
iising electrodes of 85% conductivity unless otherwise 
specified. Penetrations were measured by clamping the 
specimens on a traverse table equipped with lonp- 
tudinal and transverse movements which could be 
measured to 0.001 in. This traverse table was used in 
•conjunction with the ocular on a Vickers hardness ma¬ 
chine, and the percentage penetrations were calculated, 
on the basis of the origin^ sheet thickness. Usually, 
there was so little surface indentation visible in the 
microsection that this method of calculation was justified. 

Contact resistances were measured by clamping the 
specimens between a pair of 4-in. radius dome-shaped 
electrodes mounted in a hand-operated hydraulic press. 
Potential connections were made to each sheet by means 
of alligator clips, and the sheet-to-sheet contact re¬ 
sistance was then measmed with a Kelvin double bridge. 
A pressure of 1000 lb., and a direct current of 70 amp. 
were used for the measurement. 

The Spot Welding 0.20 to 0.40-ln. Alclad 24S-T 

The results of welding 0.020- to 0.040-in. Alclad 24S-T 
with different combinations of flat tips are summarized 
in Table 1. It should be noted that with the exception of 
welds F and G, all of the material was prepared for weld¬ 
ing by wire brushing which resulted in a low surface 


* Report Ko. 8 on Aircraft Spot Welding Rcnearch. Original Report mib- 
•Bttted to the N.A.C.A. in June 1942. 

t Welding Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y. 


resistance. With two flat tips of equal size, Fig. 1 {A)* 
it is possible to obtain good fusion at the interface, but 
there is, of course, some indentation of each sheet. 
Figures 1 (B) and {€) show that it is also possible to 
obtain good welds in this combination of thicknesses by 
using two flat electrodes of different size on wire-brushed 
stock. The surface against the larger flat remains un¬ 
indented, and the larger flat may be put against either 
the thick or the thin sheet without affecting the fusion 
at the interface. 

When one of the tips was a dome and the other a flat, 
Fig. 1 {D) shows the result of placing the dome tip against 
the thinner sheet. This condition produces excellent 
fusion at the interface. When the dome was placed 
against the thicker sheet, Fig. 1 (E) shows that all the 
fusion was in the thick ^eet and there was no weld at 
the interface. Occasionally, this latter combination of 
electrodes would produce enough fusion at the interface 
to tear out a plug in fracture, but an examination of a 
large number of welds showed that such cases were rare, 
and that in 95% of the welds there was no fusion at the 
interface. This indicates that the dome tends to con¬ 
centrate the current, and that the rate of heat dissipa¬ 
tion through the dome tips is less than through the Vla¬ 
in. flat tip, so that the zone of fusion tends to form closer 
to the dome than to the flat. 

If the thinner sheet is to be kept smooth, therefore, a 
combination of two flat tips with the large flat against 
the thin material should be used. The large tip need 
only be ^/w in. greater in diameter than the small tip 
to prevent indentation. If the thicker sheet is to be kept 
smooth, a combination of either a small flat or a dome, 
together with a larger flat may be used, with the dome or 
small flat against the thin material. 

An increase in the surface resistance by the use of 
chemical treatments allows the use of the dome tip 
against either side to obtain fusion at the interface. 
Figure 1 (F), when compared with Fig. 1 (E), shows 
how an increase in sheet-to-sheet contact resistance has 
moved the zone of fusion so that there is fusion in both 
sheets. 

Comparison of Figs. 1 (F) and 1 (G) shows that with 
such a high contact resistance, good fusion will occur at 
the interface regardless of which sheet is kept smooth by 
being in contact with the flat electrode. It should be 
realized that the attempt to weld with high surface re¬ 
sistance, results in a tendency toward irregularly shaped 
zones of fusion, and that the production of surface re¬ 
sistances of this magnitude is difiicult to accomplish 
consistently. 

Some of the cracking listed in Table 1 was caused by 
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Table 1 (Data for Fig. 1)—Welding of Dissimilar Thicknesses, 0.020-0.040-In. Alclad 24S-T 




Contact 


.-Electrodes-- 

—% Pem 

itration—• 


Fig. 1 

Surface 

Resistance, 

Pressure, 

Against 

Against 

0.020-In. 

0.040-In. 


Ref. 

Treatment 

Microhms 

Lb. 

0.020 In. 

0.040 In. 

Sheet 

Sheet 

Remarks 

A 

Wire brush 

10 

675 

Vi6 in. 

Vie in. 

40 

59 

Good weld 


Wire brush 

10 

675 

»/i« in. 

Vie in. 

59 

45 

Good weld 


Wire brush 

10 

675 

Vie in. 

Vie in. 

54 

73 

Cracked, w'eld too hot 

B 

Wire brush 

10 

675 

Vi* in. 

V« in. 

20 

30 

Good weld 

C 

Wire brush 

10 

675 

Vn in. 

Vie in. 

29 

32 

Good weld 


Wire brush 

10 

675 

2V* in. R 

Vu in. 

48 

36 

Slight cracking 


Wire brush 

10 

675 

‘Ae ill. 

2‘A in. R 

0 

71 

Occasional w-eld at interface 


Wire brush 

10 

675 

4 in. R 

Vie in. 

59 

20 

Large amount of uumelted 









cladding 


Wire brush 

10 

675 

Vie iii- 

4 in. R 

0 

63 


D 

Wire brush 

10 

1000 

4 in. R 

Vie in. 

57 

38 

Good weld 

E 

Wire brush 

10 

1000 

‘Ae in. 

4 in. R 

0 

70 


F 

HF 

170 

675 

*/ie in. 

2Vj in. R 

57 

65 

Good weld 

G 

HF 

170 

675 

2Vi in. R 

Vie in. 

49 

52 

Good weld 


the low welding pressures used. Occasionally, a weld 
would also crack because of excessive penetration in one 
sheet. 


The Spot Welding of 0.020- to 0.064-In. Alclad 24S-T 

With a dissimilar thickness ratio of 3:1 (0.020- to 
0.064-in. Alclad 24S-T), Table 2 shows that two flat tips 
of equal size may be used. It is necessary to make a 
large weld, as can be seen in Fig. 2 {A), to bring the fusion 
to the interface, and both surfaces are indented. 

Experience with the welding of 0.020- to 0.064-in. 
Alclad 24S-T, typical examples of which are included in 
Table 2, indicated that whenever the attempt is made 
to keep the thin sheet smooth by using a flat tip in con¬ 
tact with the thin sheet and a dome or smaller flat against 
the thicker sheet, the fusion takes place entirely in the 
thicker sheet. It should be noticed that all of the welds 
described in Table 2 used wire brushing as a means of 
surface preparation. 

UTien it is desired to keep the thicker sheet smooth, 
it is easily possible to bring the fusion to the interface 
by using a dome-shaped or a small flat electrode tip in 
contact with the thin sheet. Figure 2 {B) shows that 
satisfactory fusion at the interface may be obtained with 
a smaller flat against the thinner sheet. On the other 
hand, Fig. 2 (C), shows that with the reversed condition. 


using the larger flat against the thinner material, no 
fusion occurs at the interface. A reduction in pressure 
was not effective in bringing the weld to the interface. 
Since only the surface which bears against the larger 
flat is left smooth, it is impossible, therefore, with a low 
sheet-to-sheet contact resistance to weld 0.020-in. 
material to 0.064-in. material without indenting the 
0.020-in. sheet. 

Table 2 also shows that the increased thickness ratio 
makes it more difficult to melt the pure aluminum clad¬ 
ding at the interface. 

Figure 2 {D) illustrates a weld made with every condi¬ 
tion satisfactory from the standpoint of obtaining fusion 
at the interface. Even in this case there is a consider¬ 
able portion of unmelted cladding remaining within the 
fused zone. It should be noted that when welding dis¬ 
similar thickness material, the heavier sheet supplies to 
the weld a relatively large volume of the cladding ma¬ 
terial in proportion to the size of the weld or desirable 
amount of fusion in the thinner sheet. 

Figure 2 {E) is shown for comparison with Fig. 2 (D), to 
show the decided difference in the distribution of fusion 
which is brought about by reversing the arrangement of 
electrodes with reference to this unequal thickness 
combination. We here have an excellent example of the 
strong tendency of the dome-shaped tip to draw the 
fusion toward the side against which the dome is placed. 
It should be noted that in this case the surface contact 


Tabl* 2 (Data for Fig. 2)—ESact of EUactroda Contour on tha Walding of Dissimilar Thicknesses, 0.02(}-4).064-In. Alclad 245-T 


Contact .-Electrodes-■ •—% Penetration—» 


Fig. 1 

Surface 

Resistance, 

Pressure, 

Against 

Against 

0.020-In. 

0.064-In. 


Ref. 

Treatment 

Microhms 

Lb. 

0.020 In. 

0.064 In. 

Sheet 

Sheet 

Remarks 

A 

Wire brush 

10 

675 

Vu in. 

Vu in. 

53 

68 

Large weld 

B 

Wire brush 

10 

675 

Vu in. 

*A» in. 

49 

35 

Cracked 

C 

Wire brush 

10 

675 

Vi« in. 

Vu in. 

0 

78 



Wire brush 

10 

675 

Vuin. 

V« in. 

44 

41 

Sheet separation 


Wire brush 

10 

675 

V« in. 

Vu in. 

0 

79 



Wire brush 

10 

675 

1 in, R 

‘/u in. 

51 

21 

Sheet separation high 


Wire brush 

10 

675 

*A« in- 

1 in. R 

0 

53 

Fusion in center of thick 








sheet 

D 

Wire brush 

10 

675 

2V* in. R 

Vu in. 

50 

30 

Considerable u n m c 1 1 e d 









cladding 

F. 

Wire brush 

ID 

675 

Vu in. 

2Vj in. R 

0 

87 



Wire brush 

10 

675 

4 in. R 

Via in. 

78 

42 

Porosity 


Wire brush 

10 

675 

Vu in. 

4 in. R 

0 

86 



Wire brush 

10 

1000 

4 in. R 

Vu in. 

49 

23 

Considerable u n m e 1 1 e -.1 








cladding 


Wire brush 

10 

1000 

‘/u in. 

4 in. R 

0 

40 

Fusion in center of thick 









sheet 


Wire brush 

10 

1500 

4 in. R 

Vu in. 

32 

29 

Considerable u n m e 1 1 r d 








cladding 


Wire brush 

in 

ir>0(i 

*/i« in. 

4 in. R 

0 

70 

Fusion in center of ihic*. 


sheet 
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Fig. 1—Effect of Electrode Contour on the Spot Welding of 
0.020-0.040-In. Aided 24S-T. IS X 


resistance is low and, therefore, plays very little part in 
determining the locution of fusion. 

The last six welds in Table 2 are described to indi¬ 
cate that electrode pressure has very little effect in de¬ 
termining the location of the zone of fusion in welds 
which initially have low contact resistance. This is 
logical, since the well-known effect of pressure on con¬ 
tact resistance is not important when working with such 
low values of contact resistance. For these welds, a 4-in. 
radius dome was used since it should have a lesser 
tendency to draw the fusion zone in the direction of the 
sheet against which it is placed. The effects of pressure 
are most evident in the extent of sheet separation and in 
the control of cracking. When a dome or small flat is 
put against the thin sheet, the smaller electrode tends to 
punch into the thin sheet, and if the pressure is too high, 
the sheets separate. If the pressure is too low, the welds 
crack. In many cases these effects overlap and if the 
dissimilar thickness ratio is high, and if the sheet-to-sheet 


contact resistance is low, it becomes difficult to avoid 
cracking without introducing some sheet separation. 

Surface Contact Resistance 

In an effort to weld 0.020- to 0.064-in. Alclad 24S-T 
so that the thin sheet remained smooth, the contact 
resistance was increased in small increments and welds 
were made with a 2Vj*in- radius dome tip against the 
0.064-in. material and a Vn-iii- flat against the 0.020-in. 
material. The large flat allowed no indentation in the 
0.020-in. sheet. 

Table 3 and Fig. 3 show the effect of contact resistance 
on the weld position. At 13 microhms (wire-brushed 
stock) the wdd was entirely in the thick sheet. The 
same was true of chemically treated stock with the same 
surface resistance. At 28 microhms there was a partial 
breakdown of the cladding. At 31 microhms the cladding 
was melted out at several spots. At 34 microhms the 
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Fig. 2—Effect of Electrode Contour on the Spot Welding of 
0.020-0.064-In. Aided 24S-T. 15 X 
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cladding was completely melted out to form a good weld 
at the interface. A filler increase in surface resistance 
merely tended to increase the penetration into the thin 
sheet. 

By using these intermediate surface resistances it was 
possible to make the welds small enough so that they 
were crack-free even at comparatively low welding 
pressures. In addition, the use of the large electrode 
against the thin sheet eliminated the punch effect, and 
there was no sheet separation. 

The contact resistances of Fig. 3 should not be char¬ 
acterized as high. Since the welds show none of the 
irregularities associated with high contact resistance, 
these resistances might be characterized as medium.^ 
These intermediate steps in surface resistance were not 
always easy to obtain and this work indicates the need 
of a chemical treatment which is capable of consistently 
producing a medium surface resistance. In commerci^ 
practice many operators who use chemically treated 
stock are probably not obtaining the lowest resistance 
possible, but are actually using contact resistances which 
are in the same neighborhood as these intermediate 
values. Except for the likelihood of inconsistency, due 
to the poor reproducibility of contact resistances of this 
magnitude, this situation should prove advantageous in 
the welding of dissimilar thicknesses, or in the welding of 
similar thicknesses where different shaped electrodes are 
used. 

Effect of Electrode Conductivity 

The use of electrodes of different conductivity for the 
ptirpose of shifting the position of the fused zone was also 
investigated. An electrode with a conductivity of 50%* 
was used in combination with an electrode of 85% 
conductivity, and Table 4 shows that this difference in 
conductivity was not sufficiently strong in its tendency 
to shift the weld position to permit the use of a combina¬ 
tion of electrode tip contour which would avoid indenta¬ 
tion of the thinner sheet. In other words, the effect 
of weld contour in shifting the position of fusion was 
much stronger than the effect of electrode conductivity. 
When two flat electrodes of equal size were used, welds 
Nos. 1 and 2, the weld was shifted in the direction of the 
electrode with the lower conductivity. Comparison of 
weld No. 2 with weld No. 3 shows how a small change 
in diameter overcomes the effect of a large difference in 
electrode conductivity. WTien a large flat of low con¬ 
ductivity was put against the thin sheet and a dome or a 
smaller flat against the thick sheet, the difference in heat 
dissipation caused by the difference in thermal con¬ 
ductivity and the difference in the heat developed in each 
electrode, was still unable to place the fusion at the inter¬ 
face, as in the case of welds Nos. 4 and 5. A further dis¬ 
advantage in the use of low-conductivity electrodes lies 
in the fact that the rate of pickup on the low-conductivity 
tips is so rapid as to be entirely impractical to use in pro¬ 
duction. A decrease in electrode pressure was tried in 
conjunction with the low-conductivity tip but was also 
ineffective in changing the weld position, as in the case 
of welds Nos. 6 and 7. 

There is the possibility with a rapid rate of welding, 
say 100 welds per minute, that even a small difference in 
the tip conductivity ni^ht shift the position of the weld. 
If one tip were of 90% conductivity material and the 
other of 80% conductivity, the lower conductivity tip 

Fig. 3—Efl«ct of Contact Raiistance on the Spot Welding of 

DiMimilar ThickneaMt 0.020-0.064.In. Aided 24S-T. 15 X 

*/ifIn. flat against 0.020-tn. material; 2V*-in. R dome against 
0.064ln. material. i 

Contact resistance (microhms): A, 13; B, 28; C, 31; D, 34; 
E, 52; F. 84; G, 93. 

• Copper — 100%. 
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Tabl* 3 (Dat* for Pig. 3)—P2Sact of Contact Rasiatanco on tho Welding of Disaimilar Thiekneaaee, 0.030-0.064 In. Alclad 24S-T 




Contact 


--Elec 

trodes-- 

Peni 

itration—» 


Fig. 3 


Resistance, 

Pressure, 

Against 

Against 

0.020-In. 

0.064-In. 


Ref. 

Surface Treatment 

Microhms 

Lb. 

0.020 In. 

0.064 In. 

Sheet 

Sheet 

Remarks 

A 

Wire brush 

13 

676 

‘Ai in. 

2Vi in. R 

0 

60 


B 

Oakite 84a, 4 min. 







180® F. 

28 

675 

V»« in- 

2‘A in. R 

0 

62 


C 

0.020 in., 3% HF, ) 







10 sec. 1 

0.064 in.. 6% HF. ( 
45 sec. ) 

31 

600 

‘Ai in. 

2>A in. R 

26 

47 

Cladding partially melted 
at interface 

D 

Oakite 84a, 5 min. 









180® F. 

34 

675 

‘A# in. 

2V* in. R 

30 

75 

Good weld 

E 

Oakite 84a, 3 min. 







180® F. 

52 

675 

•Ai in. 

2V, in. R 

47 

74 

Good weld 

F 

Oakite 84a, 7 min. 








180® F. 

84 

675 

‘Ai in. 

2Vj in. R 

48 

66 

Good weld 

G 

Oakite 84a, 10 min. 







180® F. 

03 

675 

*Ai in. 

2‘A in. R 

49 

69 

Good weld 


Table 4—E!ffect of Qectrode Conductivity on the Welding of Diaeimilar ThiokneeBoe, 0.020-0.064*In. Alclad 24S>T 

Contact —% Penetration—N 

Weld Surface Resistance. Pressure. '-Electrodes-» 0.020-In. 0.064-In. 


No. 

Treatment 

Microhms 

Lb. 

Against 0.020 In. 

1 

Wire brush 

10 

600 

Vu in., g - 60% 

2 

Wire brush 

10 

600 

*A* in., g “ 86% 

3 

Wire brush 

10 

600 

0.17 in., f - 85% 

4 

Wire brush 

10 

600 

*A« in. (0.19 in.), 
g - 60% 

6 

Wire brush 

10 

500 

«A in., g - 50% 

6 

Wire brush 

10 

400 

■A in., g - 60% 

7 

Wire brush 

10 

300 

‘A in., g ” 50% 


Against 0.064 In. 

Sheet 

Sheet 

Remarks 

Vu in., g - 85% 

65 

43 

Considerable unmelted 
cladding 

Vii in., g - 60% 

0 

42 


•A» in. ro.l9 in.). 

43 

52 

Good weld 

g - 50% 

0.17 in., g ” 85% 

0 

57 


2‘A in. R, 2 - 

0 

80 


85% 

2‘A in. R. 2 - 

0 

82 


85% 

2‘A in. R, g - 
85% 

0 

01 

Cracked—large heat- 
affected zone in 
0.020-in. sheet 


Notbs: (o) g “ conductivity, based on copper * 100%. (6) Pickup on tip of 50% conductivity was very rapid. 


Table 5—Welding of Diaeimilar Thickneaaea. 0.020-0.12S.In. AlcUd 24S-T 



Contact 


.-Elect 

trodes-« 

—% Pene 

tration—. 


Resistance, 

Pressure, 

Against 

Against 

0.020-In. 

0.125-In. 

Surface Treatment 

M icrohms 

Lb. 

0.020 In. 

0.125 In. 

Sheet 

Sheet 

Wire brush 

9 

800 

2‘A in. R 

Vie-in. flat 

43 

20 

Oakite 84a, 5 min. 
180® F. 

55 

800 

2‘A in. R 

*A»-in. flat 

20 

18 

Oakite 84a, 3 min. 
180® F. 

100 

800 

2'A in. R 

‘Ae-in. flat 

63 

24 


Remarks 

Sheet separation, unmelted 
cladding 

Sheet separation, unmelted 
cladding 

Longitudinal crack, sheet 
separation 


might run hotter and the weld might form closer to the 
hotter electrode. From a commercial standpoint such a 
method would be impractical because at the beginning 
of a row of welds there would be no fusion at the inter¬ 
face and no good welds would be made until the elec¬ 
trodes wanned up. 

The Spot Welding of 0.020- to 0.125-In. AlcUd 24S-T 

No combination of electrode and contact resistance 
g-ave completely satisfactory welds in attempts to weld 
0.020- to 0.125-in. Alclad 24S-T. It was difficult to 
melt through the cladding of the thick sheet without 
fusing completely through the thin sheet, and because of 
3,11 exaggerated punch effect, the sheet separation was 
Ixigh. 

Table 5 summarizes a few of the conditions which were 


tried. The best fusion was obtained at a contact re¬ 
sistance of 100 microhms, but here, even though the sheet 
separation was high, the pressure was still insufficient to 
prevent cracking and porosity. 

Some attempt was made to reduce the sheet separation 
by placing a ‘/win* flat against the 0.020-in. material 
and a 2Vt-hi. radius dome against the thick sheet. In 
this case it was difficult to bring the fusion to the inter¬ 
face, even with a high contact resistance, and the fusion 
was very erratic. 

Conclusions 

This investigation has been limited to the welding of 
0.020- to 0.040-, 0.020- to 0.064- and 0.020- to 0.125-in. 
Alclad 24S-T, and the conclusions drawn here should 
be interpreted with caution in applications to other 
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gages. The results of this investigation indicate that: 

1. When using material treated to have low surface 
resistance, it is possible to weld a dissimilar thickness 
ratio of 2:1 with low sheet separation and with either 
surface kept smooth. 

2. When the dissimilar thickness ratio is 3^1, ma¬ 
terial having a low siuface resistance cannot be welded 
without indenting the thin sheet. Material with medium 
surface resistance can be welded with low sheet separa¬ 
tion and with either surface kept smooth. It should be 
pointed out that medium values of surface resistance are 
probably more common in production than the very low 
values. 

3. Tip contour and surface resistance are more 
effective than tip conductivity in determining the posi¬ 
tion of the fused zone. To keep the surface of the thin 
sheet smooth it is necessary to use a flat tip against the 
thin sheet and a smaller flat or a dome-shaped tip against 
the thick sheet. This tends to restrict the fusion to the 
thick sheet. This effect cannot be counteracted by using 


an electrode tip of lower conductivity against the thin 
sheet. The extremely rapid rate of electrode pickup 
which accompanies the use of low-conductivity electrodes, 
also precludes the possibility of adjusting the heat 
balance by this method. 

4. It is inadvisable to weld a dissimilar thickness 
ratio of 6:1 because of the erratic nature of the fusion 
and because of high sheet separation. It should be 
noted, that in welding two sheets having wide differ¬ 
ences in thickness, the greater part of the difficulty is 
probably due to the thickness of the aluminum clad^ng 
on the thick sheet. It is difficult to absorb so much 
cladding in the fused zone. 


Reference 


1. Men, W. F., Wyaot, R. A., Averbach, B. L., "An laveMigatioo of the 
Surface Treatment of A]clad 24S-T in Preparation for Spot Wddmf,'* Tsa 
Welding Journal, 21 (6), ReMarch Suppl., 257-s to 265-8 (1942). 


Discnissions on "Effect 
of Recent Research on 
the Weldability and 
Control of the Produc¬ 
tion of Steel Aircraft 
1 ubing 

By G. E. Doant 

O NLY rarely can a physical property be so satis¬ 
factorily correlated with microstructure as has 
been done in this report. To correlate that 
raicrostructure with the steelmaking practice by which it 
was produced is still more gratifying to those involved in 
the research. The development of a high-speed dila- 
tometer to duplicate the heating and cooling rates in 
actual welding gave further confirmation of the effect of 
carbide size. The effect of manganese on crack sensi¬ 
tivity would of course have been expected from the find¬ 
ings of other investigators. 

The author is to be complimented also upon limiting 
this test to the use for which it was designed, namely, 
the determination of crack sensitivity of aircraft tubing 
steels. If a thicker specimen than ‘/g in., or a different 
initial temperature were used, or if the conditions for gas 
absorption and liberation were changed, the steels might 
rate quite differently. For the purpose intended, the 
test has given admirable results, and has no doubt indi¬ 
cated the path to superior steels for this purpose. 

• Piiper by A J W'ltliamson published in the October IdIA Siippleiticnt. 
t I-cluiili I 'ni\ ersicv . 


By John J. B. Rutherford^ 

The keynote of industry during the war has been 
cooperation. Problems in welding, such as those studied 
by the project committee, readily involve factors in steel¬ 
making, tube piercing, heat treating and final fabrication. 
Mr. Williamson makes an excellent summary of this 
complex project and presents clearly the position of the 
tubing manufacturers concerning the aircraft industry. 

Welding involves steelmaking on a small scale, in con¬ 
trol of the molten metal, and also involves miniature 
heat-treating operations. A glance at Fig. 9, represent¬ 
ing the hardness variation in bead deposit areas, shows 
pronounced variations in heat treatment within close 
proximity. Improved laboratory techniques have per¬ 
mitted studies in micro-units of mass and distance but 
the third element, time, requires considerable develop¬ 
ment. Mr. Williamson calls attention to the fact that 
temperature levels which normally effect complete 
carbide solution, may not do so in the short interval of 
welding. This is one reason that it is necessary to stmu- 
ate actual welding conditions as closely as possible, such 
as in the test specimen shown in Fig. 1. 

We hope to see the present studies continue through 
the facilities of peace agencies, to include S-curves and 
and reaction rates comparable to those present in the 
welding operation. As a word of caution, we feel it 
might be pointed out that the Aluminum addition made 
to an induction-melted steel (iVi lb. per ton to Ht. 
9626-2) is not directly related to commercial require¬ 
ments. While the trend has been readily demonstrated 
it would be highly desirable to repeat part of this ex¬ 
perimental technique with commercial O.H. and E.F. 
steel from various sources, representing different melting 
practices. 

Editor’s Note: Discussion will be continued in sub¬ 
sequent issues. 

t Rose irch Met.itlurci^t. The B ibcock & Wilwix Tube Co., Beaver FalJ* 
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Wcstinghouse Model WC-AC 
Flexarc Welder 



EED AN ALL-PURPOSE WELDER 


E We»tinghouse Model WT-4C A-C Welder is aa 
excellent and sturdy machine for all around service 
Mad light-duty production welding. Generously de* 
^Cned and easily portable, this welder with high 
jpower factor can cut costs and speed up service <»i 
ttll kinds of welding jobs. Twenty-seven steps of 
•current adjustment from 20-250 amperes. 


This new Westinghouse high-frequency stabilized a-c 
welder meets the need for a welder that can weld 
light sheet metal. It was designed and intended first 
for the aircraft industry so that thin-wall tubular 
fuselage members, tubular clusters on engine mounts 
and landing gear could be welded satisfactorily and 
economically. With it, there is no need to “adapt” 
welders designed for other types of service. 


CHECK THESE FOUR POINTS: 

Operator can strike and maintain arc easily over 
entire range of welding on light work. High-fre¬ 
quency stabilized arc keeps current constant, 
prevents bum-through. 

3. Easy stepless current adjustment from 10-200 
amperes. 

S. Welds all types of alloys as readily as carbon 
steel. 

4. High efficiency and power factor. 


Call your Westinghouse Welding Distributor, or 
write Westinghouse Electric Corporation, P. O. Box 
868, Pittsburgh 30, Pa. j -70444 
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FIAHTS IN 35 ones . . . OFBCES EVEIYWHEK 


A-C WELDERS 
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GUARANTEED 


PURF 


W THE CYLINDER 


Dependable local oxygen deliveries 
to industrial centers 


W HEREVER your plant is located, you can depend on Airco 
for a steady supply of high-quality oxygen. Airco plants and 
warehouses throughout the nation supply oxygen in any volume — 
from a hundred cubic feet to many million cubic feet monthly. 

Airco oxygen is “packaged" to meet varied needs—in individual 
cylinders or in trailers. Whichever Airco delivery method you selea, 
you always receive oxygen—guaranteed 99.5% pure in the cylinder. 
# An interesting free booklet—“Oxygen—Indispensable Servant of 
Industry”—describes Airco's complete oxygen service. Write for a free 
copy to Dept.W'f at the New York office. 


Air Reductioiv 

Ctntrpl OHicti: 60 lAST 42n(J STRIET, NEW YORK 17, N. Y. 

In Ttxati MACNOUA AIRCO CAS PRODUCTS CO. • 6«n«ral OffNei: HOUSTON I, TEXAS 

OfTicei in oil Principal Cities 
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All the superior qualities of standard 
OX^ ELD 25M. (Patented) Bronze Rod 

• Makes uiiirornily high-quality welds 

• Melts readilv 

• Fl<jws freelv 

• I'ins easily 

• W elds solidify quickly 

• Makes high-strength welds 

• )Xehls have high «luctility and wear resistance 

• )^elds are easily inaehinahlc 


Plus the many advantages of flux 
preeoating 

• S|H'eds hronze-welding 

• \ssures uniform fluxing 

, •I'diminates re[M‘aled fluxing of the rod 

• Saxes flux 

• No "spalling*’ and little "bunwilT* of flux 
*C«)ating is uiialTeetetl bv weather conditions 

Tr\ this new Oxwki.o rod on vour next bronze¬ 
welding job. There is a de|M*ndable Oxxvkld r<»d 
Sor every xvelding job. Write for descriptive 
price lists—Form and 4507. Order from 
your dealer or from Linde. 










FLUX-COATED 

BRONZE- 

WELDING 

BOD 






ca^/ cinci 


The Linde Air Products Company 

ISnit of Union Cnrbide and Carbon Corjjoration 
30 E. “IZnd Si-. New York 17, N. V. Offices in Other Principal Cities 

In Canada; Dominion Oxygen Company, Limited, Toronto 


The word “Oxwrid” :* a rexixlered trade-mark of Union Carbide and Carbon Corpnratioo 


Buy and Hold 
Un/tad States 
Victory Bends and Stamps 
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REASONS WHY 

WELDING FLUX No. 16 GH 

IS THE BEST FOR THE WELDING OF STAINLESS STEEL 


whif SOLAR FLUX was numafactared 

For fiftoon years Solar Aircraft Company has devoted itself to the design and fabrication of products made of 
stainless steel end similar alloys. Its principal business is the monufachue of oirplone exhaust systems. 

To witfistond the intense heat of exhaust gases, airplane manifolds must be perfectly welded. 

To accomplish these results with miwimuTti time and application effort the Research Department of Solcor devel¬ 
oped Solar Stainless Steel Welding Flux No. 16 GH. 

This flux was first used and developed exclusively for Solar's own plants. It proved itself so successful that 
other plants which needed a specialized flux for the welding of stainless steels made arrangements to use it. 
They, too, hove foimd that for better and speedier welding and fewer rejects SOIAR FLUX No. 16 GH has no 
equal for the following reasons: 


1. EASY TO USE 

Solar Flux !■ oasily appliod with a brush. It drios quickly 
boeaus* it is mixsd with mothonol—thus parts con bs 
wsldsd immsdiotsly aftsr appUcatieii. 

2. ADHERES BETTER 

Solar Flux sticks to ths mstol bscauss of ths uss of Msthonel 
and its minsrol bindsr. So tenatiotis is it that it will adhsre 
to ths mstol in spits of frsqusnt handling. Parts can bs 
fluxsd and stacksd days ohsod of actual wslding, thus 
Jacilitating fastsr production flow. 

3. IT GOES FURTHER 

Bscauss SOLAR flux can bs thinly sprsad orsr ths wsid 
orso^t gisss from 15% to 20% grsatsr eorsrags. 

4. NO BINDER—NO "ETCHING” 

SOLAR flux rsquirss no shsUac or othsr bindsrs that eauss 
carbon pick-up by ths mstol being wsldsd. 


5. PREVENTS "BURNING” (Oxidation) 

SOLAR flux prsTsnts “burning" or oxidotion of molten mstd 
during wst^g bacouss esrtoin inhibitors hors purpose 
boon introduce into ths flux to prohibit ths psnetratioa oi 
oxygsn. It prsssnts pinholss by bsttsr sliminodon of tr ^ psd 
gosss. 

6. DUCTILE WELDS 

TTnlsss wslds rsmain ductils during forming and bMidisf, 
thsy will crack or cheek. Army and Nary esrtificatieo d 
welders require that wslds must not show failurs by disck- 
ing or cracking when bent through on angle of 180*. 

SOLAR research diseorersd that ths prsssnes of too mack 
boron in flux contributes to crocking. In SOLAR FLUX tb* 
boron content is carefully controUsd, thtu ductile wslds art 
uniformly obtoinsd—there are fewer rslscts on inspectios. 

7. NO TOXIC FUMES—WIDER APPLICATION 

SOLAR FLUX can be used with oxy-ocetylene. atomic hydro¬ 
gen or metallic ore processes witii equal ease and bsasfiL 
It giTss off no toxic fumes—no special TsntUation is needed 
in the welding room. 


Solar Flux Complies with Army Air Force Specification No. 11314 
and Nary Department Specification No. 51F3a 

Trf Solar Flax At Oar Expense. See For Yonrself How EosIIy U 
Gon Be Applied. How It Improves Welding — How Mncli 

Time It Saves. 


Manufactured by 

SOLAR AIRCRAFT COMPANY 

Notional Distributor 

VICTOR EQUIPMENT COMPANY 

844 FOLSOM STREET, SAN FRANCISCO • 3821 SANTA FE AVENUE, LOS ANGELES 

Sold by VICTOR distributors from Coast to Coast 
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(L^H to right) Tho oporator punchos tho problom 
data on tapo, which is fod into tho eomputor. Fh* 
tolotion omorgoi in tho tolotypo rocoivor. Rolayi 
which figuro out tho problom look liko your dial 
tolophono lyttom. 


In designing the gun-control systems correspond with the numbers fed in. In battle action, Electrical Gun Di- 

which shot down enemy planes, Army Then it juggles the circuits through rectors are, of course, instantaneous, 

ballistic experts were faced by long scores of combinations corresponding Such a director helped to make the 

hours of mathematical calculations. to the successive stages of long calcula- port of Antwerp available to our ad- 
So Bell Laboratories developed an tions. It will even solve triangles and vancing troops by directing the guns 

electrical relay computer. It solved consult mathematical tables. The which shot down more than 90 % of 

complicated problems more accurately operator hands it a series of problems the thousands of buzz bombs, 

and swiftly than 40 calculators work- with the tips of her fingers — next Every day, your Bell System tele- 
ing in shifts around the clock. morning the correct answers are neatly phone calls are speeded by calculators 

Resembling your dial telephone sys- typed. Ballistic experts used this calcu- which use electric currents to do sums, 

tern, which seeks out and calls a tele- lator to compute the performance of Even now, lessons learned from the 

phone number, this brain-like machine experimental gun directors and thus to relay computer are being applied to 

selects and energizes electric circuits to evaluate new designs. the extension of dialing over toll lines. 

BELL TELEPHONE LABORATORIES 

exploring and inventing, devising and perfecting for continued improvements and economies in telephone service 
194S ADVERTISING 1188 
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FOR FASTER, SMOOTHER 
STRONGER WELDS 

On Circular or Cylindrical Work 


Whatever the weight or diam¬ 
eter of your circular or cylindri¬ 
cal work up to 79 cons and 14 
ft., there’s a Ransome Posi¬ 
tioner or Turning Roll Unit 
for rotating it at the right speed 
chat will give you all the time- 
material-labor-saving benefits 
of automatic welding. Strong¬ 
er, smoother welds.. .as much 
as i0% faster production. In¬ 
vestigate Ransome Positioners 
and Turning Rolls — today. 
Bulletin 210 gives all the facts. 


•fstor • 0 ««mI 4 C«i ■ Kmot 4 

* Air CondiliOfliAf 4 Refrifftrormf 
lOvlOMeat • CoAttnacrlon 4 MiibAf 

•Mf • U^«U Mftort 
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Ab*vt, right: Head of a typical PROGRES¬ 
SIVE Ultra-Speed on a machine designed to 
weld a series of double rows of 40 spots in a 
large panel assembly. (Automatic indexing to 
1/1000 inch; high speed "approach" to weld¬ 
ing position; automatic cycle.) 

Abov*:. Heart of PROGRESSIVE Ultra- 
Speeds is this control unit with many exclu- 
<ive PROGRESSIVE features. 

Typical Applications 
for the Progressive Ultra-Speed 
AUTOMOTIVE 

Floor-pans Roar Docks Doors Framos 
Roof Assomblios WindshioldOponings 

REFRIGERATOR 

Doors Ponols Troys 
STOVES 

Panols Doors 


TO WELD 


With the Progressive Ultra-Speed you weld the spots 
automatically at almost unbelievable rates—welding speeds 
up to 900 spots per minute are possible. 

The welding guns apply the pressure on the work all at 
the same time, thus clamping it firmly in proper position 
before welding. They remain in contact after welding, thus- 
eliminating sparking at electrodes. 

The Progressive Ultra-Speed is versatile and you can 
projection weld as well as spot on the same job^ using the type 
of welding best suited to each location or metal thickness. 

■ Electrodes can be arranged in circles, rows, curves, 
stepped, etc. 

NOTE: PROGRESSIVE Uhra-Speed machines are 
custom designed and built to order for the specific 
job, using standardized sub-assemblies to reduce 
initial cost and increase salvage value. We wilt be 
glad to tell you about the many exclusive features 
of the PROGRESSIVE Ultra-Speed. 

Vv Write us for further information 
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Outstanding Features of 


WELDER CONTROL 


SIMPLICITY! Only simple magnetic relays and pneu¬ 
matic timing units are used in the assembly of Sairont 
Weld and Sequence Timers. Circuits are conventional 
—easy for the electrician to understand and service. 
Individual pneumatic timing relays govern each step 
in the resistance welding cycle. Operation is based 
on the interval required to transfer a small volume 
of filtered air from one chamber to another, through 
a regulated orifice. 

ACCESSIBILITY! Loosening two screws permits 
swing-out of the Safront timer panel. Control relays, 
timing relays, terminals and wiring are instantly ac¬ 
cessible for inspection or maintenance. Coils, contacts 
and all renewable parts may be replaced, in a mat¬ 
ter of seconds, using only a screwdriver and pliers'. 


Standard types of Safront timers are available to 
meet practically all resistance welding requirements. 
Safront construction places all electrically live parts 
behind a protective panel, yet provides large cali¬ 
brated dials with knurled adjusting wheels in front, for 
finger-tip adjustment of individual timing periods. 
Write for Bulletin 8991. Address Industrial Controller 
Division, 4041 N. Richards St., Milwaukee 12, Wis. 
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GENERAL ^ ELECTRIC 
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TYP€ 

W-S6 

0h£^ 

TYP€ l¥~S6 

ALL tkeM. 

Welds have excellent surface 
and profile appearance 


Deep-penetrating, spray-type arc 
Welds in all positions 


A-c or d-c operation 


S PECIFICALLY designed for welding carbon- 
molybdenum steels, in all positions, this 
new G-E electrode can also be us^ successfully 
on other low-alloy, high-tensile materials. W-56 
is the first electrode to meet all of the require¬ 
ments of AWS Classification E7010/E7011. 
And it makes possible, for the first time, the use 
of either a-c or d-c for all of these applications. 
Even more important, the recogniz^ advan¬ 
tages of the a-c welding process are now made 
available to industry for high-quality welding of 
low-alloy, high-tensile steels in the vertical and 
overhead positions. 

Type W-S6 Welds Exceed Specificotfons 

Heavily covered, Type W-56 provides a 
steady, spray-type, deep-penetrating arc which 
produces a weld of superior quality and excellent 
appearance. Its light, friable slag is readily 
removable and sets up rapidly, facilitating 
welding in the vertical and overhead positions. 


Although Type W-56 is designed for use in 
all positions, its superior welding qualities are 
most noticeable when it is used in the vertical. 
The bead obtained is relatively flat, with smooth 
uniform ripples. X-rays of plates welded in the 
vertical position are exceptionally clean, and 
the mechanical properties of specimens are well 
above specification requirements. 

Test Type W-56 Yourself 

If your welding work includes the fabrication 
of pressure vessels (fittings), pressure piping, 
or other applications involving the welding of 
low-alloy, high-tensile steel, try the new Tjrpe 
W-56 electrode. Ask your G-E arc-welding dis¬ 
tributor for samples and sec for yourself the 
increased welding production and superior 
welds obtainable with this newly developed 
rod. Your distributor can also provide you with 
detailed performance data. Or, write General 
Electric Company, Schenectady 5, N. Y. 















ELECTRO 


HELP YOU TO KEEP WELDING COSTS 




N 


• Type and cost of current used—weld- \ y 

ing position — fit-up — efficiency of the \ a 

operator—all these affect the over-all cost \ /y 
of production welding. Quite as impor- \ 
tant as any of these are the type, size and V/^ 
make of electrode used. And that’s where \ 

PAGE comes in. Here’s why. \ 

1 • PAGE electrodes are of uniformly high \ 
k quality. Experienced welders take that for \ 

\ granted. \ 

2 • The wide range of PAGE electrodes and 
gas welding rods includes the one most V 
economical rod for practically every type 1 

of production welding. ' 

3 • Through long and close contact with 
welding engineers and welders, PAGE is 
often able to help on problems of welding 
technique ond the selection of rods. 

, PAGE specializes in stainless steel. But 

whatever your problem, if it has to do 
with welding, it will pay you to . . . 






CK touc^ 


‘i J.t. .. I. 





Monessen, Pa., Atlanta. Chicago. Denver, Detroit Us Angeles, New York, PittsburKh, Portlanit, San Francisco, BriilKeport Conn. 


PAGE STEEL AND WIRE DIVISION 

AMERICAN CHAIN & CABLE 
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, 50-50 f e«« 


Mil®* 
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M any people wonder why 
Japan stuck it out alone 
for so long. The secret is now ex¬ 
posed by Hirohito’s Lord Keeper 
of the Privy Seal, Koichi Kido, in 
these prize words: 

“It wasn’t a question of 
whether we could win. I 
hoped we could fight long 
enough so that the U. S. 
would be satisfied with a 
fifty-fifty peace —leaving us 
what we won." 

A burglar could as well make a 
“50-50” peace with the police by 
taking the swag he won and 
leaving the safe. 

A 50-50 approach in building 
nations, as in building a business, 
is but a compromise ... a tem¬ 
porary expedient. Total results 
require total intelligence, applied 
all the way, along proven lines. 
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How Murex Type MA Heloed Us out of a Jam 


We’d almost gotten our new arc 
welding department running per> 
fecdy, when in comes this special 
carbon-moly steel pipe job that 
threatened to knock us back on our 
heels. 

1 went oyer the situation with 
Tom, our arc welding super, and he 
was not happy about it. 

“The work can’t be positioned,” 
he said, “and we have to use these 
A.C. Machines—the D.C. sets won’t 
be ready for weeks. On top of that. 


they want a tensile strength of 
70,000 or more, with better than 
22% ductility. That’s going to take 
quite a rod.” 

“Right, Boss,” I agreed. “AW 
Murex Type MA is the rod. It was 
designed for all-position welding of 
carbon molybdenum and other high 
strength steeb. It works on A.C. or 
D.C. It’s especially useful for high- 
quality overhead and vertical welds. 
This rod was the first of its type in 
the industry... only been avaibble 


for a couple of months. Want to 
try it?” 

“You bet, Tom toio me. “We’d 
better check on it right away.” 

We did, and it worked fine. We 
got the pipe job out on time, and 
now we stock a supply of Murex 
Type MA rods regularly for similar 
jobs. Tom swears by this new 
E-7011 electrode; the welders like 
it; and Quality Control thinks the 
work we turn out with it is swell. 
Of course. I’m happy, too. 
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